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announcing... 


A unique “pelletized” 
delivery system for 
uniform absorption 
of erythromycin 


Depend on it. New ERYC=“ 
delivers erythromycin base to 
the small intestine — with 
potency intact. 

The unique delivery 
system of ERYC— 
a system of enteric- 
coated pellets—fully protects 
the antibiotic from 
inactivation by gastric acids 
on its way to the small intestine. 


Once these erythro-pellets™ 
reach their destination, they 
render the dose 

available at its full 

potency — for uniform 

absorption. 

Optimum blood levels 

with ERYC are achieved when ° 
taken one hour before meals. 
Bioavailability is only minimally 
affected by presence of food. 


At the right. artist's interpretation o` ERYC pellets passing through digestive system. 


©1981 Warner-Lambert Company 





Pellets remain 
protected from 
gastric acid. 


Whem an ERYC capsule dissolves 
in the stomach, the erythro-pellets™ 
it cormtains are protectively . 


E 
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Pellets pass easily 
through pylorus. 


Because of their small size, 
these erythro-pellets™ readily 
pass intact out of the stomach. 


Pellets dissolve in ~~ 
the small intestine. ~~ 
ERYC is now readily available 

at full potency...for uniform absorption. 


PARKE-DAVIS 


Please see next page for brief summary 
of prescribing information, 





ERYC® (erythromycin capsules) 
Before prescribing, please see full 
prescribing information. A Brief Summawy follows: 


INDICATIONS AND USAGE: ERYC is indicated in children and adults for the treatment ef the follow- 
ing conditions: Upper respiratory tract infections of mild to moderate degree caused by Strepto- 
coccus pyogenes (group A beta hemolytic streptococci); Streptococcus pneumoniae 
(Diplococcus pneumoniae); Haemophilus influenzae (when used concomitantly witk adequate 
doses of sulfonamides, since not all strains of H influenzae are susceptible at the erythromycin 
concentrations ordinarily achieved). (See appropriate sulfonamide labeling for prescribing 
information.) 

Lower respiratory tract infections of mild to moderate severity caused by Streptomccus 
pyogenes (group A beta hemolytic streptococci); Streptococcus pneumoniae (Diplocccus 
pneumoniae). 

Respiratory tract infections due to Mycoplasma pneumoniae (Eaton's agent). 

Pertussis (whooping cough) caused by Bordetella pertussis. Erythromycin is effec tive in elim- 
inating the organism from the nasopharynx of infected individuals, rendering them 10n 
infectious. Some clinical studies suggest that erythromycin may be helpful in the prophylaxis of 
pertussis in exposed susceptible individuals. 

Diphtheria — As an adjunct to antitoxin in infections due to Corynebacterium diph herize, to 
prevent establishment of carriers and to eradicate the organism in carriers. 

Erythrasma — In the treatment of infections due to Corynebacterium minutissimur 

Intestinal amebiasis caused by Entamoeba histolytica (oral erythromycins only). Extraenteric 
amebiasis requires treatment with other agents. 

Infections due to Listeria monocytogenes 

Skin and soft tissue infections of mild to moderate severity caused by Streptococqus pyog- 
enes and Staphylococcus aureus (Resistant staphylococci may emerge during treatment.) 

Primary syphilis caused by Treponema pallidum. Erythromycin (oral forms only) i: an alter- 
nate choice of treatment for primary syphilis in patients allergic to the penicillins. Intreatment 
of primary syphilis, spinal fluid should be examined before treatment and as part ofthe follow- 
up after therapy. The use of erythromycin for the treatment of in utero syphilis is notrecom- 
mended (See CLINICAL PHARMACOLOGY in full prescribing information). 

Legionnaires’ disease caused by Legionella pneumophila. Although no controlled =linical effi 
cacy studies have been conducted, in vitro and limited preliminary clinical data suggest that 
erythromycin may be effective in treating Legionnaires’ disease. 

Therapy with erythromycin should be monitored by bacteriological studies and by clinical 
response (See CLINICAL PHARMACOLOGY — Microbiology in full prescribing information) 

Injectable benzathine penicillin G is considered by the American Heart Associatic n to be the 
drug of choice in the treatment and prevention of streptococcal pharyngitis and in icng-term 
prophylaxis of rheumatic fever. When oral medication is preferred for treatment of tre above 
conditions, penicillin G, V, or erythromycin are alternate drugs of choice. 

Although no controlled clinical efficacy trials have been conducted, erythromycir has been 
suggested by the American Heart Association and the American Dental Associationfor use ina 
regimen for prophylaxis against bacterial endocarditis in patients allergic to penicillin who have 
congenital and/or rheumatic or other acquired valvular heart disease when they undergo den 
tal procedures and surgical procedures of the upper respiratory tract. (Erythromycie is not suit 
able prior to genitourinary surgery where the organisms likely to lead to bacteremia are 
gram-negative bacilli or the enterococcal group of streptococci.) 

NOTE: When selecting antibiotics for the prevention of bacterial endocarditis the Chysician or 
dentist should read the full joint 1977 statement of the American Heart Association end the 
American Dental Association. 

CONTRAINDICATION: ERYC is contraindicated in patients with known hypersensitivity to this 
antibiotic. 

WARNING: There have been a few reports of hepatic dysfunction, with or without jau dice, 
occurring in patients receiving erythromycin ethylsuccinate, base, and stearate products 
PRECAUTIONS: Caution should be exercised when erythromycin is administered to atients with 
impaired hepatic function (see CLINICAL PHARMACOLOGY and WARNING in full p escribing 
information). 

Erythromycin use in patients who are receiving high doses of theophylline may be associated 
with an increase in serum theophylline levels and potential theophylline toxicity. In case of the- 
ophylline toxicity and/or elevated serum theophylline levels, the dose of theophyllin 2 should be 
reduced while the patient is receiving concomitant erythromycin therapy. 

Erythromycin interferes with the fluorometric determination of urinary catecholamines 
Prolonged or repeated use of erythromycin may result in an overgrowth of nonsuSeptible 
bacteria or fungi. If superinfection occurs, erythromycin should be discontinued and appropri 

ate therapy instituted. 

When indicated, incision and drainage or other surgical procedures should be pe formed in 
conjunction with antibiotic therapy. 

Pregnancy Category B— Reproduction studies have been performed in rats, mice and rabbits 
using erythromycin and its various salts and esters, at doses which were several tim 2s multi- 
ples of the usual human dose. No evidence of impaired fertility or harm to the fetus hat 
appeared related to erythromycin was reported in these studies, There are, however no ade- 
quate and well-controlled studies in pregnant women. Because animal reproductior studies 
are not always predictive of human response, this drug should be used during pregrancy only if 
clearly needed. 

Labor and Delivery — The effect of ERYC on labor and delivery is unknown. 

Nursing Mothers — Erythromycin is excreted in milk (see CLINICAL PHARMACOLC GY in full 
prescribing information). 

Pediatric Use — See INDICATIONS AND USAGE and DOSAGE AND ADMINISTRATION 
ADVERSE REACTIONS: The most frequent side effects of oral erythromycin preparations are gas- 
trointestinal and are dose-related. They include nausea, vomiting, abdominal pain, ciarrhea 
and anorexia. Symptoms of hepatic dysfunction and/or abnormal liver function test “esults may 
occur (see WARNING). 

Mild allergic reactions such as rashes with or without pruritus, urticaria, bullous fi zed erup- 
tions, and eczema have been reported with erythromycin. Serious allergic reactions including 
anaphylaxis have been reported. 

A few cases of transient deafness have been reported with high doses of erythromycin 
DOSAGE AND ADMINISTRATION: Optimum and uniform serum levels of erythromycin are 
obtained when ERYC Capsules are administered one hour before meals or in the fas ing state 

Adults: The usual dose is 250 mg every 6 hours taken one hour before meals. If tw ce-a-day 
dosage is desired, the recommended dose is 500 mg every 12 hours. Dosage may be increased 
up to 4 grams per day, according to the severity of infection. Twice-a-day dosing is nct recom 
mended when doses larger than 1 gram daily are administered. 

Children: Age, weight, and Severity of the infection are important factors in deterrm ning the 
proper dosage. The usual dosage is 30 to 50 mg/kg/day in divided doses. For the treatment of 
more severe infections, this dose may be doubled. 0696G010 
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For your family of congested patients 





Our family of recommendable 


Available without Rx 


Sudafed’ S.A. 
(pseudoephedrine HC])120 mg 


Sustained action nasal 
decongestant 


Potent 12-hour relief without 
drowsiness! 


Available in 120 mg capsules in 
_. packages of 10s and 40s. 


Not recommended for children 
under 12 years of age. 







cold products 
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Sudafed S.A. 


Dreubvephedrine hpsrachiorige 129 35) 
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40 CAPSULES 


Tm 
a Sudated S.A. 
é; + (psevdoephed 


edrine hydrochioride 120 mg) 
SUSTAINED ACTION NASAL DLCONGESIANT 


upto 1 
NASAL Cf 





2 HOUR iif” 
ALLIEF OF 

INGESTION HEIPS DECONGEST 

INUS OPENINGS SINUS PASSAGES 
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Sudated” SA — SUSTAINED ACTION NASAL DECONGESTANT | 
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Sudafed" 


(pseudoephedrine HCI) 30 mg 


Unclogs the stuffy nose without 
closing the patient's eyes! 


Available in 30 mg tablets and a 
tasty raspberry-flavored syrup 
containing 30 mg per 5 cc. 


Young or old — the decon- 
gestant you can recommend 
with confidence has the name 
SUDAFED on it. 





For reliable and potent decongestion 


without drowsiness 


Copr. © 1982 Burroughs Wellcome Co. All rights reserved 


Burroughs Wellcome Co 
Research Triangle Park 
North Carolina 27709 





Wellcome 





ANNALS OF OTOLOGY, RHINOLO—Y AND LARYNGOLOGY 


ANNALS OF HEAD AND NECK MEDICINE aND SURGERY 











Se: pet pe O F es ee ee 10) 0! 6 OOS Oe, 6 6 ee ee ae 


Editora B. Ft. Sentiirign MD ioc 6 e444 6b dh wetness a a 


Cochlear Hydrops in Association with Collapsed Saccule and 
Schuknecht. MD: R. S. Kimura. PAD 2: .4.46..64% 66604545 com 


Vestibular Ganglion of the Squirrel Monkey. C. D. Fermin, PhD; M. Igarashi, MD .............. 00.02.0002 ce eae, 44 


Revascularization of Skin Using a Myovascular Pedicle. An Animal Medel for Free and Myocutaneous Flaps. R. 
Sergeant, FRCS; W. R. mene LS os tenistka ESOT ETE TOE rT Oey ee ere ee 53 


A. F. Ryan, PhD; P. H. Cleveland, PhD; M. T. Hartman, 
Granulocyte Proteases in Middle Ear Effusions. B. Carlsson, MD; 
Comparative Anatomy of Eustachian Tube amd Middle Ear C 


-Lumdberg, MD; K. Ohlsson, MD............... 76 
ty m Animal Models for Otitis Media. 


]..Daniel TIT, PhD; R. S$; Fulghum, PhD; J. E. Brinn, PhD) EW. Barrett, MS .........6 ccs ccs vaccdsscaan deans 82 
Experimental Viral Infections of the Inner Ear. III. Viremic Spread.o” Reovirus to Hamster Eighth Nerve Ganglion 
Ce: Ein es SPONSOR 6a eke eR ARS LACACAE HAD ADAY Bk Od Oe ss hoe rvheehes Keer en R A 90 
Carcinoma of the Anterior Tongue. B. Leipzig, MD; C. W. Cummings, MD; C. T. Chung, MD; J. T. Johnson, 
Ue Bix Rae Ss OS 8 hy b haa eee ca sew deewe Bhs Sb See eerie Fane a i nee eee es 94 
Combined Pectoralis Major Myocutaneous Flap with Medially Basec = Delove Flap for Closure of Large 
Pharyngocutaneous Fistulas. R. H. Maisel, MD; $S. L. Listom MB... ce eee ene eens 98 


Nasal Decongestant Effect of Propylhexedrine. L. H. Hamilton, 
Nasal Cycle and Postural Variations in Nasal Resistance. M. Ha 
Indications of Congenital Palatal Incompetence before Diagnosis. 


RR E I BAN xi hv Spree take aie dt bee E E ETS da E de DEE UIS ede ie LEE AP a re Rees rs 115 
Vocal Symptoms in Parkinson Disease Treated with Levodopa. ‘te Report. W. S. Schley, MD; E. Fenton, PhD; 

Pe Deny RED Seek Fateh hk CR aes a ER TA Re a aa HeroetGd boeG sd Hee Eaa a EnO 119 
A Case of Cysticercosis Cerebri. Neurotologic Implications. S. J. Te MD: k E AD eyna tenes 122 
Obituary — Samuel RoS os einn eaire ine E t EE T EEVEE IE N IAP O A Tne TEE OE EA eS 126 
Programs: Combined Otolaryngological Spring Meetings 

American Broncho-Esophagological Assoeiation .......... ne EAEAN ER RARE Sip on ane ee 127 

Amono LSTVAZOIGCION AO aaa a cdi a AAE A ELA A D 128 

American Laryngological, Rhinological and Otological Society. n>... 2.2... eee 128 

American Neurotology Society .....................0.. Be < chen aby oh de RG A de, de HA a Dae el lear 129 

Amele Otolomiedi Society; ING: cessaire erias 45sec oe BASE ep 94.55 4 RR ARKE ANTON ET OREN ESET DESEO S 129 

American Society for Head and Neck Surgery ............ inn LR dinh wang wae deeded geth eh pL SekG ws 130 
re By FS ie ec hic Ve ee lo he oe oo a Gaigteasne ade viarwriensmeeees cre utiahs 47a 

Part II 

Degeneration and Regeneration of Olfactory Epithelium in the Meuse. A Scanning Electron Microscopic Study. 

D.H. Matulionis, PhD; W. Breipohl, MD; K. P. Bhatnag 


PON EEE E L beg noe EE oe ae Vs Supplement 89 
5a | 


F 











mapaga. 


ul, me 





Pa 
P 


« 


ss 
A 






l 

aenre [t+ 3% 
——— a 
eee’? eer i CEET a 


LEET 





al - 






$ 
i - 
i. 






` . J 
’ ` 
b oa * =. . 
$ *. Å" 
f AE SE 
w > 
` 
‘ 





ie Ns 
zag ii Fey 
; mh iat; 

£ 


» 
ty u 
a EP ‘4 fm wa! bj 4 . f 
“ D 
v 7 Ta < 


K r RU 
hh U E 







Lake Placid, New York 


NO TIME FOR VERTIGO. 


MOST WIDELY PRESCRIBED RELIEF OF NAUSEA 
Antivert is the most AND VOMITING 
widely prescribed agent Antivert/25 can relieve 


for the management of the nausea and vomiting 
vertigo* associated with often associated with 








diseases affecting the vertigo.* 
vestibular system such as 
Meniére’s disease, laby- DOSAGE FOR VERTIGO* 


rinthitis, and vestibular 
neuronitis. 


© 1982 Pfizer Inc. 


The usual adult dosage 
for Antivert/25 is one 
tablet t.i.d. 


BRIEF SUMMARY OF 
PRESCRIBING INFORMATION: 


*INDICATIONS: Based on a 
review of this drug by the 
National Academy of 
Sciences — National 
Research Council and/or 
other information, FDA has 
classified the indications as 
follows. Effective: Manage- 
ment of nausea and vomit- 
ing, and dizziness 
associated with motion 
sickness. Possibly Effective: 
Management of vertigo 
associated with diseases 
affecting the vestibular 
system. Final classification 
of the less than effective 
indications requires further 
investigation. 


CONTRAINDICATIONS. Admin- 
istration of Antivert (meclizine 
HCl) during pregnancy or to 
women who may become 
pregnant is contraindicated in 
view of the teratogenic effect 
of the drug in rats. The adminis- 
tration of meclizine to preg- 
nant rats during the 12th-15th 
day of gestation has produced 
cleft palate in the offspring. 
Limited studies using doses of 
over 100 mg/kg/day in rabbits 
and 10 mg/kg/day in pigs and 
monkeys did not show cleft 
palate. Congeners of mecli- 
zine have caused cleft palate 
in species other than the rat. 
Meclizine HCI is contraindi- 
cated in individuals who have 
shown a previous hypersensi- 
tivity to it. WARNINGS. Since 
drowsiness may, on occasion, 
occur with use of this drug, 
patients should be warned of 
this possibility and cautioned 
against driving a car or oper- 
ating dangerous machinery. 
Usage in Children: Clinical 
studies establishing safety and 
effectiveness in children have 
not been done; therefore, 
usage is not recommended in 
the pediatric age group. 
Usage in Pregnancy: See 
“Contraindications.” ADVERSE 
REACTIONS. Drowsiness, dry 
mouth and, on rare occasions, 
blurred vision have been 
reported. More detailed 
professional information avail- 
able on request. 


ROERIG GD 


A division of Pfizer Pharmaceuticals 
New York. New York 10017 





ACCEPT NO SUBSTITUTES, SPECIFY: 


ANTIVERT/2 


(MECLIZINE HCI) 


25 Mg TABLETS 
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A major addition 
for the symptoms 
of seasonal and 

perennial rhinitis. 


Nasalide 
(flunisolide) ife p a 
nasal solution OO25° oe se 








# 


‘ 


J 
m 
oF 
N 

A 
ov 
N 

2 

N 


Initis. 


ymptom 
erennial rh 


ac 


p 


4 


Fors 
and 
ges 
tis 


(flunisolide) 
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News: 
- Nasalid 
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No adverse corticoid side effects 
in controlled clinical trials. 


(See Precamtoas and Adverse Reactions sections of Brief Summary.) 


e |f reconmmended doses are exceeded, or if individuals are 
particularly sensitive, symptoms of hypercorticism could 
occur, since flunisolide is absorbed into the circulation. 


e Acts sp& frally to reduce inflammation of nasal mucous 
membre Ss. 


e Short haf lfe with rapid conversion to minimally active 
metabole ninimizes systemic activity. 


Desigaed for gentle administration 
and even distribution. 


e Ultrafine Feplets penetrate less accessible areas, 
afford maximum spray dispersion. 


Controlled, measured dose. 


, x n intranasal e Delivers sterad M nasal mucosa. 
te ster ol for | Usual starting and maintenance 


dosage b.i.d. 


seasonal and e All day, all n&t relief of stuffy, runny nose and sneezing. 














id asalide” Vancenase” Beconase” Decadron”* 
læns olide) | (beclomethasone | (beclomethasone (dexametha 
eatery haranionate iia 
Usual BID/ 
ri in itis. Adult b.ID. TLD TRO: TID 
Dosa e* jni 
è te SENEN PONDO: CORE basene 
Form | Sotusion Powder Powder Solut ion 
Beery Ha Freon®- Freon®- freon - 
System > “Aaweted Propelled Propelled Propelled 
* Dosage can be incr Æe or decreased depending on severity of symptoms. 


Well tolerated by most patients. 


e Most frequent see effect is mild transient nasal irritation 


or stinging (usmelly lasting only a few seconds). 
[See Adverse Reactian=: =ction of Brief Summary. ] 


e Unlike antinistasynes — no sedative effects. 


e Unlike nasal decongestants — no CNS excitation, 
no rebound cc7zestion. 
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Nasalide 
(flunisolice) DI. 


ef Summary of Prescribing Information on next page 














Nasalide 
flunisolide) b i a 
nasal solution O.O25% ole è 


Brief Summary 

Description: Each bottle contains flunisolide in a solution of propylene glycol, polye.h»lene 
glycol 3350 and purified water buffered with citric acid/sodium citrate, with benzakenium 
chloride added as a preservative, and NaOH and/or HCI added to adjust the pH. it _ontains 
no fluorocarbons 

Indications: For relief of the symptoms of seasonal or perennial rhinitis when effectiieress of 
or tolerance to conventional treatment is unsatisfactory 

Improvement is usually apparent within a few days after starting Nasalide but ma~ take as 
long as 2 weeks in some patients. Although systemic effects are minimal at recommended 
doses, Nasalide should not be continued beyond 3 weeks in the absence of sg ificant 
symptomatic improvement 

Nasalide should not be used in the presence of untreated localized infection invol «img nasal 
mucosa, 


Contraindications: Hypersensitivity to any ingredients 


Warnings: Patients transferred from systemic steroid therapy to Nasalide shoulc te moni- 


tored to avoid acute adrenal insufficiency in response to stress. Since some patierts may ex 
perience symptoms of withdrawal, attention must be given to patients previously treated for 
prolonged periods with systemic corticosteroids, particularly those with associate@c asthma 
or other clinical conditions where too rapid a decrease in systemic corticosteroidsamay cause 
a severe exacerbation of symptoms. Nasalide should be used with caution in patents on 
alternate-day prednisone for any disease. 


Precautions: General: Localized Candida albicans infections of the nose and fmerynx oc- 
curred only rarely in clinical studies, but if such an infection presents, treatment vith appro- 


priate local therapy or discontinuation of Nasalide treatment may be required 


Flunisolide is absorbed into the circulation. Systemic effects have been minimal with recom- 


mended doses but larger doses should be avoided since excessive doses may suppress 
hypothalamic-pituitary-adrenal function 


Nasalide should be used with caution in patients with active or quiescent tuber» u osis infec- 
tions of the respiratory tract; untreated fungal, bacterial, or systemic viral infectoas; or ocu- 


lar herpes simplex. 
In patients who have experienced recent nasal septal ulcers, nasal surgery, or tr- urna, a nasal 
corticosteroid should be used with caution until healing has occurred. 

Information for Patients: Nasalide should be used as directed at the presc ibed dosage 
Nasal vasoconstrictors or oral antihistamines may be needed until the effects o* Nasalide are 


fully manifested. The patient should follow the Patient Instructions carefully ard should con- 


tact a physician if symptoms do not improve, if the condition worsens, or if sne*zng or nasal 
irritation occurs 
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Carcinogenesis: While no evidence of carcinogenicity was found in a 22-raanth study in 
Swiss-derived mice, there was a slight increase in the incidence of pulmon.ry adenomas 


which was well within the range of spontaneous adenomas previously repo ted for un- 


treated Swiss-derived mice 

Impairment of Fertility: Female rats receiving high doses of flunisolide (2C ncg/kg/day) 
showed some evidence of impaired fertility. Reproductive performance in low and mid dose 
groups was comparable to controls 

Pregnancy: Pregnancy Category C. The drug has been shown to be t=ritogenic and 
fetotoxic in rabbits and rats. The drug should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus 

Nursing Mothers: Because other corticosteroids are excreted in humin milk, caution 
should be exercised when the drug is administered to nursing women 
Adverse Reactions: The most frequent complaints were mild transient nasa burn ng and 


stinging (reported in approximately 45% of patients). These complaints do vc usually inter- 


fere with treatment; in only 3% of patients was it necessary to decrease dpdsage or stop 
treatment because of those symptoms. 


Incidence of 5% or less: nasal congestion, sneezing, epistaxis (bloody muwus), nasal irrita- 


tion, watery eyes, sore throat, nausea and/or vomiting, headaches and loss aftsense of smell 
and taste. In rare instances, nasal septal perforations were observed during the studies but a 
causal relationship with Nasalide was not established 


Systemic corticosteroid side effects were not reported during the contrc led clinical trials. 


If recommended doses are exceeded, or if individuals are particularly seas tive. symptoms 
of hypercorticism could occur 


Dosage and Administration: Full therapeutic benefit requires regular use amd is usually evı- 


dent within.a few days, but up to 3 weeks may be required for some patents to achieve 
maximum, benefit. Patients should use a decongestant and clear their nasal passages of 
secretions prior ta use 

Recommended starting dose in adults: 2 sprays in each nostril b.i.d. If needed, increase to 2 
sprays t.i.d. 

Recommended starting dose in children (6-14 years): | spray in each nost d. or 2 sprays 
in, each nostrrl.b.s.d. Not: recommended for use in children less than 6 years old 

‘ Total daily doses: not to-exceed 8 sprays in each nostril for adults and 4 scrays in each nostril 
for.chidren 


Maintenance dose: smallest amount necessary to control symptoms 


How Supplied: Each 25 mi Nasalide® (flunisolide) nasal solution spray bettle (NDC 0033- 
2906-45) contains 6.25 mg (0.25 mg/ml) of flunisolide and is supplied with a pump unit, nasal 
adapter with dust cover; and patient instructions. 
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Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
current measurements with readings 
statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Mode! 2 is furnished with a replaceable battery, 
Mode! 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 
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IN PEDIATRIC PATIENTS 


a consistent performer in 
treating acute otitis media 
due to susceptible organisms. 








Septra Suspension b.i.d. 


(trimethoprim-sulfamethoxazole) 


Septra DS b.i.d. 


(trimethoprim-sulfamethoxazole) 


Before prescribing, please consult complete product information, a summary of which 
follows: 
Indications and Usage: For the treatment of urinary tract infections due to susceptible 
strains of the following organisms: Escherichia coli, Klebsiella-Enterobacter, Proteus 
mirabilis, Proteus vulgaris, Proteus morganii. It is recommended that initial episodes of 
uncomplicated urinary tract infections be treated with a single effective antibacterial 
agent rather than'the combination. Note: The increasing frequency of resistant organisms 
limits the usefulness of all antibacterials, especially in these urinary tract infections 
For acute otitis media in children due to susceptible strains of Haemophilus influenzae or 
Streptococcus pneumoniae when in physician's judgment it offers an advantage over 
other antimicrobials. Limited clinical information presently available on effectiveness of 
treatment of otitis media with Septra when infection is due to ampicillin-resistant 
Haemophilus influenzae. To date, there are limited data on the safety of repeated use of 
Septra in children under two years of age. Septra is not indicated for prophylactic or 
prolonged administration in otitis media at any age. For acute exacerbations of chronic 
bronchitis in adults due to susceptible strains of Haemophilus influenzae or 
Streptococcus pneumoniae when in physician's judgment it offers an advantage over a 
single antimicrobial agent. 
For enteritis due to susceptible strains of Shigella flexneri and Shigella sonnei when 
antibacterial therapy is indicated. 
Also for the treatment of documented Pneumocystis carinii pneumonitis. To date, 
this drug has been tested only in patients 9 months to 16 years of age who were 
immunosuppressed by cancer therapy. 
Contraindications: Hypersensitivity to trimethoprim or sulfonamides; patients with 
documented megaloblastic anemia due to folate deficiency; pregnancy at term; nursing 
mothers because sulfonamides are excreted in human milk and may cause kernicterus: 
infants less than 2 months of age 
Warnings: SEPTRA SHOULD NOT BE USED TO TREAT STREPTOCOCCAL PHARYNGITIS. 
Clinical studies show that patients with group A 6-hemolytic streptococcal 
tonsillopharyngitis have higher incidence of bacteriologic failure when treated with 
Septra than do those treated with penicillin. Deaths from hypersensitivity reactions 
agranulocytosis, aplastic anemia and other blood dyscrasias have been associated with 
sulfonamides. Experience with trimethoprim ts much more limited but occasional 
interference with hematopoiesis has been reported as well aS an increased incidence of 
thrombopenia with purpura in elderly patients on certain diuretics, primarily thiazides 
Sore throat. fever. pallor, purpura or jaundice may be early signs of serious blood 
disorders. Frequent CBC's are recommended; therapy should be discontinued if a 
significantly reduced count of any formed blood element is noted 
Precautions: Genera/: Use cautiously in patients with impaired renal or hepatic function 
possible folate deficiency, severe allergy or bronchial asthma. In patients with glucose-6 
phosphate dehydrogenase deficiency, hemolysis, frequently dose-related, may occur 
During therapy, maintain adequate fluid intake and perform frequent urinalyses, with 
careful microscopic examination, and renal function tests, particularly where there 
iS impaired renal function. Septra may prolong prothromt 
warfarin; reassess < oagulation time when administering Septra to these patients 
Pregnancy: Teratogenic Effects: Pregnancy Category C. Because trimethoprim and 
sulfamethoxazole may interfere with folic acid metabolism, use during pregnan 
potential benefits justify the potential risk to the fetus 
Adverse Reactions: All major reactions to sulfonamides and trimethoprim are included 
even if not reported with Septra. Blood dyscrasias: Agranulocytosis, aplastic anemia 
megaloblastic anemia, thrombopentia, leukopenia, hemolytic anemia, purpura 
hypoprothrombinemia and methemoglobinemia. Allergic reactions: Erythema multiforme 
Stevens-Johnson syndrome, generalized skin eruptions, epidermal necrolysis, urticaria, 
serum sickness, pruritus, exfoliative dermatitis, anaphylactoid reactions, periorbital 
edema, conjunctival and scleral injection, photosensitization, arthralgia and allergic 
myocarditis. Gastrointestinal reactions: Glossitis, stomatitis, nausea, emesis, abdominal 
pains, hepatitis, diarrhea and pancreatitis. CNS reactions: Headache, peripheral neuritis, 
mental depression, convulsions, ataxia, hallucinations, tinnitus, vertigo, insomnia 
apathy, fatigue, muscle weakness and nervousness. Miscellaneous reactions: Drug fever 
hills, toxic nephrosis with oliguria and anuria, periarteritis nodosa and L.E 
phenomenon. Due to certain chemical similarities to some goitrogens. diuretics 
(acetazolamide, thiazides) and oral hypoglycemic agents, sulfonamides have caused rare 
nstances of goiter production, diuresis and hypoglycemia in patients; cross-sensitivity 
with these agents may exist. In rats, long-term therapy with Sulfonamides produced 
thyroid malignancies 
Dosage: Not recommended for infants less than two months of age. 
URINARY TRACT INFECTIONS AND SHIGELLOS/S IN ADULTS AND CHILDREN, AND ACUTE 
OTITIS MEDIA IN CHILDREN 
Adults: Usual adult dosage for urinary tract infections — 1 DS tablet (double stength) 
2 tablets (single strength) or 4 teasp. (20 ml) b.1.d. for 10-14 days. Use identical daily 
dosage for 5 days for shigellosis 
Children: Recommended dosage for children with urinary tract infections or acute otitis 
media — 8 mg/kg trimethoprim and 40 mg/kg sulfamethoxazole per 24 hours, in two 
divided doses for 10 days. Use identical daily dosage for 5 days for shigellosis 
For patients with renal impairment. Use recommended dosage regimen when creatinine 
clearance is above 30 ml/min. If creatinine clearance is between 15 and 30 ml/min, use 
ne-half the usual regimen. Septra is not recommended if creatinine clearance is below 
15 ml/min 
ACUTE EXACERBATIONS OF CHRONIC BRONCHITIS IN ADULTS 
Usual adult dosage: 1 DS tablet (double strength). 2 tablets (single strength) or 4 teasp 
(20 ml) b.i.d for 14 days 
PNEUMOCYSTIS CARINII PNEUMONITIS: 
Recommended dosage: 20 mg/kg trimethoprim and 100 mg/kg sulfamethoxazole per 24 
hours in equal doses every 6 hours for 14 days. See complete product information for 
suggested children’s dosage table 
How Supplied: Oral suspension containing 40 mg trimethoprim and 200 mg 
sulfamethoxazole in each 5 ml (bottle of 473 mi. Unit of Use: bottle of 100 mi with child 
resistant cap). Oval-shaped, pink, scored tablets containing 160 mg trimethoprim and 
800 mg sulfamethoxazole — bottle of 100, unit dose pack of 100 and COMPLIANCE™ 
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Also available in regular tablets containing 80 mg trimethoprim and 400 mg 
sulfamethoxazole (bottles of 40, 100, 500 and 1.000 tablets: unit dose pack of 100) 
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AMPICILLIN RESISTANCE IN HAEMOPHILUS 


(Percentages are ampicillin-resistant H. influenzae isolates* ) 
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nausea and vomiting (1 in 90). 

As with other broad-spectrum antibiotics, colitis, 
including rare instances of pseudomembranous colitis, 
has been reported in conjunction with therapy with Ceclor® 
(cefaclor, Lilly). 

Hypersensitivity reactions nave been reported in about 
1.5 percent of patients and include morbilliform eruptions 
(1 in 100). Pruritus, urticaria. and positive Coombs tests 
each occur in less than tin 200 patients. Cases of serum- 
sickness-like reactions, (erythema multiforme or the above 
Skin manifestations accompanied by arthritis/arthralgia 
and, frequently, fever) have been reported. These 
reactions are apparently due to hypersensitivity and have 
usually occurred during or following a second course of 
therapy with Ceclor. Such reactions have been reported 
more frequently in children than in adults. Signs and 
symptoms usually occur a few days after initiation of 
therapy and subside within a few days after cessation of 
therapy. No serious sequelae have been reported. 
Antihistamines and corticosteroids appear to enhance 
resolution of the syndrome. 

Cases of anaphylaxis have deen reported, half of which 


have occurred in patients with a history of penicillin allergy. 
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a valid concern 


in many areas of the country, 
increasing numbers of H. influenzae 
show resistance to conventional 


antibiotic therapy." 


Ceciar is effective in the treatment of 
Otitis media? including that due to some 
ampicillin-resistant strains of H. influenzae.*? 


Cecior has been shown to be clinically 
and Sacteriologically effective in treating 
otitis media due to susceptible organisms. 1° 


Cec or is available in two pleasant-tasting 
liquids 


Cec or provides effective single-agent 
antibioric therapy for otitis media. 


Note: Cecla is contraindicated in patients with known allergy to the cephalosporins 
and shauleDe 9 wen cautiously to penicillin-allergic patients. 


t Due to susæpùt e strains of Streptococcus pneumoniae, H. influenzae, staphylococci, 
and S. pyow#ne 
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Other effects considered related to therapy mctuded References 


eosinophilia (1 in 50 patients) and genitalbpru tus er 
vaginitis (tess than 1 in 100 patients). 

Causal Relationship Uncertain — Transitory <onormalities 
in clinical iaboratory test results have been renorted 
Although they were of uncertain etiology, thes are sted 
below to serve as alerting information fortheghys= an. 

Hepatic — Slight elevations in SGOT, SGPT -er Adine 
ohosphatase values (tin 40). 

Hematopoietic — Transient fluctuations in lekore 
count, predominantly lymphocytosis occurrims in tants 
and young children (1in 40). 


. J. Pediatr., 92:889, 1978. 

. J. Pediatr., 94:983, 1979. 

_J.A.MLA., 239:320, 1978. 

. Antimicrob. Agents Chemother., 11:470, 1977. 

. Antimicrob. Agents Chemother., 13:584., 1978. 

. Antimicrob. Agents Chemother., 12:490, 1977. 
Current Chemotherapy, 11:880. 1978. 
Antimicrob. Agents Chemother.. 8:91, 1979. 

. Antimicrob. Agents Chemother., 13:861, 1978. 

. Data on file, Eli Lilly and Company: 
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Renal— Slight elevations in BUN or serum creatimite 
(less than 7 in 500) or abnormal urinalysis (less tham 


1in 200). 


5002810] Additional information available to the profession on request 
from Eli Lilly and Company, Indianapolis, indiana 46285. 


Eli Lilly Industries, inc. 7 
Carolina, Puerto Rico 00630 
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Six weeks postoperative: 
Bony layer with row of osteoblasts canal wall reconstruction (rabbit), magnified 120X. 
Bony iayer with osteoblasts covering implant surface. 


Implant 


Unique new ossicular replacement prostheses 
actually bond to bone. 


Unlike other implantable materials, CERAVITAL” is nonporous and 
does not depend on tissue ingrowth for Stability. Rather, it forms a 
physiochemical bond with bone which stabilizes the implant and 
can virtually eliminate implant extrusion. 


The same bioactive bonding can be initiated with soft tissues, 
e.g., tympanic membréne, by applying a bone pate to the surface 
of the implant. 


Exclusive glass ceramic composition allows easy shaping for a 2 
precise anatomical fit. 


For performance, ease of shaping and biocompatibility, 
CERAVITAL offers the significant advantages you have been 
looking for in ossicular replacement materials. Call today for more 


information. 

Xomed, Inc. Xomed Canada 

8641 Baypine Rd., Jacksonvite, FI. 32216 106 East Dr., Brampton, Ontario L6T-1C 1 
Call toll free 1-800-874-5797 (416) 797-3665 


In Alaska, Hawaii or Florida call collect ‘U.S. Patents 3922155. 3981736 
(904) 731-7109 


TWX 810-827-6439 ese ee c 
The Microsurgery Company N 


Photos Dr Reck, HNO K uK Mainz West Germany 


DEDICATION 


The first act of the new editor of the Annab isto join with the entire staff in dedi- 
cating this issue of the journal to Ben H. Sentur‘az, MD. His editorship of this organ is 
the capstone of a brilliant career. Random Hous= defines “annals” as “a history of 
events; historical records generally.” Ben has mack the Annals just that: a history of 
otolaryngology. But it is more than that, it is ackrenicle of events which is meticulously 
edited. Ben has such great respect for his readers and such a grasp of concepts and lang- 
uage that he will work with his authors for weeks er months to revise and polish a man- 
uscript to crystalline clarity. Nine of ten manuscript: go back to authors after critical re- 
view for revision, and frequently more than once. Me guides his copyeditors in polishing 
the final manuscript with the precision and discip ine of a watchmaker. Bringing to 
birth each issue is a complex event involving not jus- manuscript selection but choosing 
and cropping illustrations, cajoling the typesetters to deliver proofs on time, keeping 
the printer on his deadline, and insisting upon no sacrifice in quality in every step of the 
operation. It is small wonder then that many authors consider the Annals the finest 
journal of otolaryngology-head and neck medicine and surgery in the world, and will 
publish only in it. It has been a privilege and a great learning experience to have been 
his coeditor the past six years. The journal and i*s readers are fortunate that Ben has 
agreed not to leave the Annals, but simply to turme ører more of the decision-making to 
the new editor. 


It is also fitting to dedicate this issue to his wife Nancy, ever supportive and help- 
ful, and a tower of love. 


Brian F. McCabe, MD 
Editor 


A BRIEF HISTORY OF THE ANNALS 1892-1982 


The year 1982 marks two important milestones in the history of the Annals of Otology, Rhinology & Laryngology — 
Annals of Head and Neck Medicine and Surgery: it is the 90th anniversary of our founding and the occasion of the appoint- 
ment of our sixth editor, Dr. Brian F. McCabe. 


The Annals of Ophthalmology and Otology was the title under which the journal was first published in Kansas City, 
Missouri, by Dr. James P. Parker in January 1892. The first volume consisted of 212 pages and was widely acclaimed. The 
reputation of the journal spread rapidly and by 1896 the number of published papers had increased so much that the fifth 
volume contained 1,380 pages. It was evident that the size of the journal had gotten out of hand, and in 1896 it was an- 
nounced that the journal would be divided into the components of ophthalmology, neurology, otology, and rhinology and 
laryngology. 

The publication devoted to the ear, nose and throat appeared in 1897 as Volume Six, under the title Annals of Otology, 
Rhinology & Laryngology. This volume contained 528 pages including 25 original communications, almost half of which 
are case reports or descriptions of new instruments. Abstracts constituted a large part of the earlier volumes, as did society 
proceedings of the American Laryngological Association; the American Laryngological, Rhinological and Otological 
Association; the French Otological Society and the Section of Laryngology and Otology of the British Medical Association. 
However, the balance shifted rapidly and original communications soon became the primary feature of the journal. In 
1900, 34 papers were published along with the journal's first photomicrographs. Five years later the lead article was il- 
lustrated with the first color page which consisted of four drawings of mucous membranes and glands. 


The name of Dr. Hanau W. Loeb appeared as a rember of the Editorial Board from 1895 to 1899. In 1896 the demand 
for more rhinology and laryngology articles made it desirable to have a special editor in St. Louis, and Dr. Loeb assumed 
charge of these areas; later he purchased the journal and became its editor and publisher. A man of great intelligence and 
energy, Dr. Loeb helped organize the Marion Sims Medical College in St. Louis which later became the Medical Depart- 
ment of St. Louis University, was Head of its Department of Otolaryngology, and became Dean of the School of Medicine. 
He devoted great energy and fervor to improving the scientific standards of the journal and its reputation throughout the 
world. The Annals remained under Dr. Loeb’s direction until 1926. 


In 1927, Dr. L. W. Dean, Professor of Otolaryngology at Washington University School of Medicine, was appointed 
Editor-in-Chief; he immediately asked Dr. Arthur W. Proetz, one of his brilliant colleagues, to become his Associate 
Editor. After nine years of this arrangement, Dr. Dean named Dr. Proetz Coeditor and transferred to him major respon- 
sibility for the journal. Upon Dr. Dean’s death in 1943, Dr. Proetz became Editor and continued in this capacity for 23 
years. 


Dr. Arthur Proetz was a brilliant scientist and an outstanding clinician and administrator; he was also a man of many in- 
terests and accomplishments which included photography, art, music and drama. It was no wonder that under his direc- 
tion, the Annals grew progressively in scientific amd editorial quality to become one of the outstanding otolaryngologic 
journals in the world. | | 


It was my privilege to serve as Associate Editor under Dr. Proetz for eight years before assuming the editorship in 1966. 
As Clinical Professor of Otolaryngology at Washington University School of Medicine and Director of the Department of 
Otolaryngology at The Jewish Hospital of St. Louis, I was fortunate to know many authors whose research and clinical 
studies were important contributions to the Anna's. During these past 15 years, the Annals has striven to maintain the 
highest standards, while aspiring at the same time to creative and thoughtful innovation. The changes to a bimonthly and 
to the larger journal format as well as the supplement program were enthusiastically received everywhere. In 1980, as part 
of a national trend to make journal titles reflect the more comprehensive nature of our specialty, the name of the journal 
was expanded to the Annals of Otology, Rhinology & Laryngology — Annals of Head and Neck Medicine and Surgery. 


The Annals has become a fully international journal, with authors and subscribers in every part of the world. In terms of 
content, it clearly reflects the evolution and expansion which have characterized science, medicine and otolaryngology in 
this century. In 1981 the Annals published 143 papers and 11 supplements, and the journal is richly illustrated not only 


with color — 7 full pages — but also with a broac range of figures representing the most sophisticated technology of both 
medical science and the printer’s art. 


In 1982, on our 90th anniversary, we are very fortunate to have Dr. Brian F. McCabe, Head of the Department of Oto- 
laryngology at the University of Iowa School of Medicine, assume the editorship of the Annals. Dr. McCabe is widely 
known for his many clinical, research and academic achievements. Under his direction, we look forward to progressive 
growth and the maintenance of continued high seientific and editorial standards. | 


Despite the inroads of inflation and high costs, the grandchildren and great-grandchildren of Dr. Loeb, who are the pres- 
ent publishers of the Annals, have informed Dr. McCabe that it is their desire that we continue to produce one of the finest 
possible ear, nose and throat journals in the world. It will be the prime objective of the editors and the editorial staff to 
fulfill this request. 


Ben H. Senturia, MD 
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EDITORIAL 


It is a distinct pleasure and honor for me to announce that the Board of Directors has appointed Dr. 
Brian F. McCabe Editor of the Annals of Otology, Rhinology & Laryngology as of January 1, 1982. Dr. 
McCabe is widely respected among otolaryngologists and head and neck specialists for his many clinical, 
research and academic achievements. These include Professor of Otolaryngology and Chairman of the De- 
partment of Otolaryngology and Maxillofacial Surgery at the University of lowa College of Medicine; Direc- 
tor on the American Board of Otolaryngology; numerous administrative positions in our national societies; 
and the publication of a large number of papers in nationally recognized journals. For the past six years, he 
has been an active and effective Coeditor of the Annals and he has demonstrated a sensitivity to and under- 
standing of the need for a strong, independent, scientific and clinically oriented journal of otolaryngology. 


At the request of Dr. McCabe and the Board, I shall remain active as Coeditor to provide such advice 
and help as I can offer. It is the present plan of the Board to have the Editor’s office and a part of the editorial 
staff in Iowa City under Dr. McCabe’s supervision, and to maintain in St. Louis a large segment of the 
editorial work and the production phases of the Annals under the supervision of Dr. McCabe and myself. 


In great measure the maintenance of high production standards and efficiency of the Annals has been a 
result of the intelligence and unique and multitalented competence of our Managing Editor, Bess E. Arick. 
Everyone who has had occasion to interact with her knows of her enthusiasm and dedication to the Annals. 
Early in 1982, Mrs. Arick will retire to the Boston area, where her children and grandchildren live. She has 
set standards which all of us will strive to maintain. 


We are very fortunate to have Sara Jenkins to assume the position of Managing Editor, and Kenneth A. 
Cooper, Jr., to take on the tasks of Business Manager. They are looking forward to cooperating with Dr. 
McCabe in providing our readers with the outstanding editorial input and good service to which they have 
grown accustomed. 


With this first issue of the year we welcome to the Board of Editors Jack D. Clemis, MD, Seymour R. 
Cohen, MD, and Yasuya Nomura, MD. We thank Wesley H. Bradley, MD, and Richard R. Gacek, MD, for 
their past help and guidance and are happy that both Dr. Bradley and Dr. Gacek have agreed to continue 
their association with the Annals by serving or the Emeritus Board. 


I wish to thank the Annals staff, associates and contributors who have put up with my publishing 
idiosyncrasies. It is my sincere feeling that all of us have the potential for accomplishing more than we give 
ourselves credit; it merely requires that we set our standards and arrange our goals so that they may be in- 
telligently and happily accomplished. With this in mind, I have routinely asked our contributors, especially 
our younger colleagues, to strive for excellence, and with few exceptions, all of us in the editorial office have 
been pleased with the results. 


I considered it one of the outstanding accomplishments of my medical career to have been chosen, in 
1958, by Dr. Arthur Proetz to be his Associate Editor, and to be selected as his successor in 1966. For the past 
15 years, the Annals has provided me with one of the most gratifying experiences of my life. I have had the op- 
portunity to work intimately and constructively with outstanding members of our profession all over the 
world and to interact on a personal level with our authors, reviewers and subscribers. I hope and pray that 
Dr. McCabe will enjoy this same unique and happy experience. 


Ben H. Senturia, MD 
Coeditor 
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COCHLEAR HYDROPS IN ASSOCIA TION WITH COLLAPSED 
SACCULE AND DUCT JS REUNIENS 


KEN KITAMURA, MD 
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ROBERT S. KIMURA, PhD 





BOSTON, MASSACHUSETTS 


Histopathological evidence from five human temporal bones with e 


o ym phatic hydrops limited to the cochlea shows pathological 


obliteration of their saccules and’or ductus reunientes. We suggest that this fi ading supports the theory of longitudinal flow of endolymph. 
The anatomical distribution of endolymphatic hydrops is related to the | 


tus reuniens to the endolymphatic sac. Atrophy of sensorineural struct 
presumed to be caused by the original disorders rather than occurring s 


Endolymphatic hydrops is found in several dis- 
orders including Meniére’s disease,’ syphilitic 
labyrinthitis,** and inflammatory disease.** It has 
been proposed that a possible cause for hydrops in 
Meniere’s disease is loss of the resorptive function of 
the endolymphatic sac. This is based on both 
animal studies in which hydrops followed ablation 
of the sac’* and human temporal bone studies.” ° 
Kimura et al'' recently demonstrated in ex- 
periments on guinea pigs that obliteration of the 
ductus reuniens can produce hydrops limited to the 
cochlea. A logical explanation for isolated cochlear 
hydrops is interruption of the normal longitudinal 
flow of endolymph from the cochlea to endolym- 
phatic sac. 


We have studied 59 temporal bones in the collec- 
tion of the Massachusetts Eye and Ear Infirmary 
which exhibit cochlear hydrops. Five of them 
showed hydrops limited to the cochlea and all were 
accompanied by obliteration of the saccules and/or 
ductus reunientes. 


RESULTS 


A study was made of the position of the mem- 
branous walls in the saccules and ductus reunientes 
of 59 temporal bones with cochlear hydrops. Some 
temporal bones were excluded from this study be- 
cause artifact and postmortem change precluded 
evaluation of the position of their membranous 
walls. The clinical diagnoses were Meniére’s disease 
in 37; labyrinthitis in association with otitis media, 
surgical or traumatic fistulization of the bony laby- 
rinth, syphilis, or viral disease in 16; and obliter- 
ated vestibular aqueduct in 3. The cause of hydrops 
in the remaining three ears is unknown. 


The most frequent finding is a normal or dilated 
endolymphatic space in both the saccule and ductus 
reuniens (49 of 59 temporal bones). In three ears 


From the Department of Otolaryngology, Harvard Medical School and M 


REPRINTS — Harold F. Schuknecht, MD, Department of Otolaryngology, 


= 


tion cf the blockage which may occur anywhere from the duc- 
of the cochlea is severe in these five temporal bones and is 
T to the endolymphatic hydrops. 


| 
thee is saccular collapse following hydrops which is 
preumably the result of rupture of the saccular 
wa ls and patent ductus reunientes. Both ears from 
e patient showed hydrops of the saccules and col- 
lapsed ductus reunientes which could be the result 
he severe autolytic change related to antemor- 
era ischemia in association with cerebral anoxia 
(caused by cardiac arrest). The saccular space is 
ob erated and ductus reuniens is patent in one ear 
in which a stapedectomy was performed. The re- 
maining four temporal bones from three patients 
shew obliterated endolymphatic spaces of their sac- 
cues and ductus reunientes. 


CASE REPORTS 


The following cases show cochlear hydrops in as- 
sociation with collapsed saccules and/or ductus reu- 
nientes. 

Cee 1 


| Fhe patient, an 83-year-old male, stated that he 
aa been totally deaf in his left ear all his life. He 

had noticed diminished hearing in his right ear 

= age 27. There was no history of vertiginous at- 
aeks. He died at age 83 of a brainstem infarction. 
e audiogram was available. 





Right Ear. An otosclerotic lesion has fixed the 
Ena margin of the footplate. There is scattered 
tild loss of hair cells and cochlear neurons. The 
esition of Reissners membrane is normal. The 
ia fee organs appear normal. The ductus reu- 
n=ns is normal and patent. 


Left Ear. There is otosclerotic fixation of the 
fcotplate at the anterior margin of the oval win- 
dew. There is cochlear endolymphatic hydrops, most 
severe at the basal end (Fig. 1). Reissner’s mem- 
bžane is in contact with the walls of the scala ves- 





tisuli in part of the cochlea. The organ of Corti is 


æhħustts Eye and Ear Infirmary, Boston. 


Massachusetts Eye and Ear Infirmary, 243 Charles St., Boston, MA 02114. 
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severely atrophied throughout the cochlea; it ap- 
pears as a small mound of undifferentiated tissue 
and the hair cells are totally missing in all turns. 
There is 90% loss of cochlear neurons in the basal 
and apical turns, and moderate loss in the middle 
turn. The stria vascularis shows total atrophy in the 
basal 19 mm and 90% loss in the remainder of the 
cochlea. The tectorial membrane is missing through- 
out the cochlea. 


All of the hair cells of the saccular macula are 
missing, but patches of supporting cells remain. 
The saccular wall is collapsed and adherent to a 
granular amorphous basophilic material presumed 
to be the degenerated otolithic membrane. The en- 
dolymphatic lumen of the saccule is obliterated 
(Fig. 2). The ductus reuniens is collapsed and its 
lumen is obliterated. The utricle, (Fig. 3) semicir- 





Fig. 2. (Case 1) Left ear. 
The wall of the saccule is 
collapsed and adherent to 
the otolithic membrane. 
There is severe atrophy of 
the sensory epithelium. 


collapsed saccular wall 


Fig. 1. (Case 1) Left ear. 
There is severe endolym- 
hatic hydrops and severe 
oss of cochlear neurons. 
Rupture of the basilar 
membrane in the basal turn 
is probably due to prepara- 
tion artifact. 


cular canals, endolymphatic duct, and sac appear 
normal. 


Comment. The absence of hydrops of the pars su- 
perior (utricle and canals) suggests that a gener- 
alized hydropic condition was not present before 
collapse of the saccule and ductus reuniens. 


Case 2 


The patient, a 53-year-old female, had normal 
auditory function and speech development up to 
age four. Following a severe attack of measles, she 
became totally deaf and subsequently relied on sign 
language for communication. At age 53 she died of 
acute myocardial infarction. No history of vertigo 
was reported. 


Right Ear. Reissners membrane is moderately 
distended and in contact with the walls of the scala 


d 


otolithic membrane 
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Fig. 3. (Case 1) Left ear. Normal utrick. 


vestibuli in some areas (Fig. 4). The hair cells are 
missing in the basal 18 mm of the cochlea. Some 
hair cells are preserved in the middle turn and 60% 
remain in the apical turn. There is loss of about 
90 % of the cochlear neurons in the basal turn, 50 to 
80% in the middle turn, and 20% in the apical 
turn. The tectorial membrane is partly encapsu- 
lated in the basal turn, distorted in the middle turn, 
and normal in the apical turn. About 20 to 50% of 
the stria vascularis is atrophied. There is loss of con- 
nective cells in the basal 4 to 11 mm of the limbus. 
Connective tissue and new bone formation are 
noted in the scala vestibuli in the basal turn. 


Fig. 4. (Case 2) Right 
ear. Midmodiolar section 
showing moderately dis- 
tended Reissner’s mem- 
brane. There is loss of 
about 90% of the cochlear 
neurons in the basal turn, 
50 to 80% in the middle 
turn, and 20% in the apical 
turn. 


Tre saccular macula shows severe atrophy of the 
sensory epithelium. In some areas the sensory epi- 
thel wm is missing and in other areas it is disor- 
gand and contains scattered basophilic deposits. 
Irregalar basophilic granular deposits on the macu- 
la prorably represent the degénerated otolithic 
merworane. The wall of the saccule is collapsed onto 
the yolithic membrane. The endolymphatic lumen 
of tæ saccule is obliterated (Fig. 5). The ductus 
reut Ems is obliterated in part proximal to the sac- 
a but patent and dilated in the area close to the 

se Ftarn of the cochlea. 


T= utricular macula and wall are normal. The 
supemicr and lateral cristae show areas of cystic 
drae and basophilic deposits; however, hair cell 

jzzetions appear normal. Bone is seen in the 

rł+nphatic spaces of the anterior third of the 
late-al semicircular canal and in the midportion of 
the =>:terior semicircular canal. The endolymphat- 
ic >t and sac appear normal. 


[et Ear. Reissner’s membrane is atrophied and 
colEesred onto the organ of Corti; however, it is in- 
tact Throughout. In the midbasal turn the organ of 

om =s completely missing, and in the middle and 
api-<l turns it consists of a mound of undifferen- 
tiated cells. Ninety percent of the cochlear neurons 
j dai in the basal turn and 30% in the middle 

nc apical turns. A small remnant of stria vascularis 
en aims in the middle turn. There is bone and fi- 
bras tissue in the scala tympani of the basal turn 
near tae round window membrane. Bone and con- 
nec? tissue are also shown on the internal wall of 
the sala vestibuli of the basal turn. 


“Le lumens and walls of the saccule and ductus 
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reuniens are normal. The saccular macula shows 
patchy atrophy with loss of hair cells and basophilic 
deposits as well as clear spaces and shrinking of the 
otolithic membrane. The utricular macula and cris- 
tae, as well as their walls, appear normal. There is 
bone in the perilymphatic spaces of the lateral and 
posterior semicircular canals. There are basophilic 
deposits on the rugose portion of the endolymphatic 
sac; however, the epithelium appears normal. 


Comment. Fibrosis and new bone formation in 
the perilymphatic space has been previously re- 
ported in meningogenic measles labyrinthitis. En- 
dolymphatic hydrops was exhibited in the cochleae 
and the vestibules of both ears. In the present case 
cochlear hydrops has occurred in the right ear 
which has the obliterated saccule and ductus reu- 
niens but not in the left where these structures are 
patent. The evidence suggests that the inflam- 
matory process, which had involved both ears, was 
probably not the cause of the hydrops in the right 
ear. 


Case 3 


The patient, an 84-year-old female, experienced 
a progressive hearing loss and was profoundly deaf 
at the time of her terminal admission to the hospital 
for pneumonia. No episodes of vertigo were de- 
scribed. 


‘Right Ear. There is severe endolymphatic 
hydrops of the cochlear duct, most severe at the 
. basal end (Fig. 6). The organ of Corti is atrophied 
‘throughout with nearly total loss of hair cells. There 
is 70 to 80% loss of cochlear neurons in the basal 
„and middle turns, and 90% loss in the apical turn. 
The tectorial membrane is encapsulated and spher- 
-` ically deformed or flattened throughout the coch- 
+ lea. The stria vascularis is missing in the basal 9 


Fig. 5. (Case 2) Right 
ear. The saccular macula 
shows severe atrophy of the 
sensory epithelium. The 
saccular wall is collapsed 
and the endolymphatic lu- 
men of the saccule is 


obliterated. 


mm, and 50 to 90% atrophied in the remainder of 
the cochlea. 


The saccular macula and saccular nerve are se- 
verely degenerated and all of the hair cells are miss- 
ing. The wall of the saccule is collapsed onto the 
otolithic membrane and its endolymphatic lumen is 
obliterated (Fig. 7A). The ductus reuniens is 
obliterated and contains otolithic membrane crys- 


tals (Fig. 6). 


The utricular wall and macula and the cristae 
and walls of the semicircular canals appear normal. 
The endolymphatic duct and sac appear normal. 


Left Ear. The cochlear duct shows moderate en- 
dolymphatic hydrops (Fig. 8). There is severe 
atrophy of the organ of Corti with hair cells totally 
missing in the basal 12 mm and 70 to 80% loss in the 
middle and apical turns. Sixty to 90% of the coch- 
lear neurons are missing. The tectorial membrane is 
flattened and collapsed onto the organ of Corti. The 
stria vascularis is missing in the basal 4 mm and 70 
to 80% atrophied in other areas. 


The walls of the saccule and ductus reuniens are 
collapsed and their lumens are obliterated. The sac- 
cular macula shows severe atrophy of its sensory 
epithelium and only scattered hair cells remain 
(Fig. 7B). 


The utricular macula and wall as well as all walls 
and cristae of the semicircular canals appear nor- 
mal. The endolymphatic duct and sac are normal. 


Case 4 


The patient, a 55-year-old female, had a bilateral 
progressive hearing loss first noted at the age of 14. 
Audiometric tests at the age of 41 showed a bilateral 
combined sensorineural and conductive hearing loss 
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with discrimination scores of 76% on the right and 
86% on the left. A stapedectomy was performed on 
her right ear. The stapes footplate was partly re- 
moved and a Teflon®-wire prosthesis was intro- 
duced. She noted no subjective improvement in 
hearing postoperatively; however, eight months 
later she had a sudden aggravation of the hearing 
loss in that ear. A surgical exploration was per- 
formed but no cause for the hearing loss was found 
and hearing was not improved. At the age of 49 she 
complained of episodic vertigo with nausea. At the 
age of 55 she died of mammary carcinoma. 


Right Ear. The footplate of the stapes is greatly 
thickened by otosclerotic bone and has a central 
surgically created opening marking the position of 
the Teflon-wire piston. The silhouette of the piston 


Fis. 6. (Case 3) Right ear. A) Severe endolymphatic hy- 
droos is seen at the basal end of the cochlear duct. 
Rei-ssmer’s membrane is severely distended (R) and ductus 


euas=ns (D) is collapsed. B) Higher magnification view of 

e<_ictus reuniens. 

terds deeply into the vestibule and is lined by a 
ibseus membrane containing scattered small for- 
ga body giant cells (Fig. 9). 


TLere is moderately severe hydrops of all turns of 
e ochlea (Fig. 9). There is a loss of 50% of the 
aï cells in the basal and middle turns and 20% 
e in the apical turn. Cochlear neurons show 30 to 
=< loss, most severe in the basal and apical turns. 
hese is loss of 50% of the stria vascularis in the 14 
£c mm region; however, it appears normal in the 
as= and apical regions. aye 











The saccular wall is collapsed onto the otolithic. 
e+ brane and its endolymphatic lumen is obliter-~ 
ate} The saccular macula shows an area of cellular ` 
is-aption with loss of hair cells. This lesion is in ` 


etal contiguity with the silhouette of the Teflon- ` Ke 
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collapsed saccular wall 





wire piston (Fig. 10). The ductus reuniens is di- 
lated. The utricular macula and cristae and their 
walls appear normal; the endolymphatic duct and 
sac are normal. 


Left Ear. There is an otosclerotic lesion involving 
the footplate and bases of the crura which involves 
the cochlear bony wall anterior to the oval window 
but does not extend to the endosteum. A separate 
otosclerotic lesion has blocked the round window 
niche. The position of Reissner’s membrane is nor- 
mal. Hair cell and neuronal populations cf the 
cochlea are near normal. The stria vascularis shows 
patchy atrophy. The vestibular sense organs and 
nerves appear normal. The ductus reuniens is nor- 
mal and patent. 


Comment. It seems probable that the introduc- 
tion of an excessively long piston-type prosthesis 
caused direct trauma to the saccule with collapse of 
its wall and obliteration of its lumen, followed by 
hydrops of the cochlear duct and ductus reuriens. 


DISCUSSION 


The pattern of pathological change common to 
these five ears is: 1) obliteration of the lumen of the 
saccule. 2) endolymphatic hydrops limited to the 
cochlear duct, 3) atrophy of the organ of Cort:, and 
4) preservation of some stria vascularis. 


Fig. 7. (Case 3) The saccular 
walls are collapsed onto the 
otolithic membranes and their 
endolymphatic lumens are ob- 
literated in both ears. A) Right 
saccule. B) Left saccule. 


The literature reveals reports of 16 ears with en- 
dolymphatic hydrops confined to the cochlea.'?"'8 
Twelve of the 21 ears (including the 5 reported 
here) show obliterated saccules and/or ductus reu- 
nientes. Two ears have completely obliterated 
cochlear ducts in the extreme basal ends of the 
cochleae with partly collapsed saccules. In the re- 
maiming seven ears the saccular walls are described 
to be partly collapsed except in two in which no 
comments were made as to the condition of the duc- 
tus reunientes. Gussen’? related the cochlear en- 
dolymphatic hydrops to mechanical interference of 
endolymph flow and considered it to be retrograde 
to the collapsed saccule. 


Kimura et al'' observed hydrops limited to the 
cochlea after obliteration of the ductus reuniens in 
35 of 52 guinea pig ears. In a series of 11 animals in 
which the endolymphatic duct was blocked two 
months after surgical obstruction of the ductus reu- 
niens, they observed hydrops in all cochleae and 
saccules and in ten utricles. These animal studies 
and the human temporal bone findings reported 
here support the theory of longitudinal flow of en- 
dolymph from cochlea to endolymphatic sac. They 
also suggest that interruption of the endolymph 
pathway to the endolymphatic sac at any point 
leads to hydrops of the isolated segment of endolym- 
phatic system. 
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There are reports in the literature describing col- 
lapsed saccular walls without cochlear hydrops. 
Lindsay and Zajtchuk’® reported the findings in a 
23-year-old female who had deafness caused by 
head trauma. Although the saccular wall was col- 
lapsed and adherent to the degenerated macula, 
there was no endolymphatic hydrops in the coch- 
lear duct. Alford?® described four temporal bones 
showing cochleosaccular degeneration caused by 
maternal rubella in which the saccular walls were 
collapsed and the cochlear ducts showed the 
tendency to be collapsed. One of the temporal 
bones reported by Sando et al” demonstrated an 


Fig. 9. (Case 4) Right 
ear. Moderate cochlear 
hydrops is seen and the sil- 
houette of the piston ex- 
tends deeply into the vesti- 


bule. 


Fig. 8. (Case 3) Left ear. 
There is moderate cochlear 
endolymphatic hydrops 
and severe loss of cochlear 
neurons. 


alm cst completely collapsed ductus reuniens and 
ceule as well as collapsed cochlear duct. 


“here are two possible explanations for the ab- 
sence of cochlear hydrops in the presence of a col- 
psed saccule. 1) It seems probable that cochlear 
ydrops would only develop if blockage of the endo- 
mph pathway is complete. Kimura et al'' found in 
their guinea pig experiment that complete blockage 
-he ductus reuniens is essential to produce coch- 
ar hvdrops. The saccular walls in the cases re- 
o-tec by Alford? and Lindsay and Zajtchuk’’? do 
o- appear to be entirely collapsed. 2) Another pos- 


‘location of piston 
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collapsed saccular wall 


v 


Soe Sa 
pap 


sible requirement for the development of cochlear 
hydrops is the presence of functional stria vascu- 
laris. Without it no endolymph would be produced 
and thus no hydrops would occur. Sando et al” re- 
ported that the stria vascularis was severely atroph- 
ic throughout the cochlea in an ear without hydrops 
in spite of collapsed saccule and ductus reuniens. 
Although our five cases show some atrophy of the 
striae vasculares, each has some remaining stria vas- 
cularis. This condition was also true for other cases 
of cochlear hydrops reported in the literature. '?:'4-'8 


Atrophy of the organ of Corti, most severe in the 
basal turn, is a constant feature shown in these ears 
and is presumed to be the direct result of the disease 
that caused the blocked saccule and/or ductus reu- 
niens. In our four cases the etiology is unknown in 
cases 1 and 3, measles labyrinthitis in case 2, and 
surgical trauma in case 4. In addition, we have 
found six temporal bones among our collection 
which show severe atrophy of the organ of Corti 





Fig. 10. (Case 4) Right ear. 
The saccular wall is collapsed 
and its endolymphatic lumen is 
obliterated. 


without cochlear hydrops and with minimal pathol- 
ogy in the vestibular sensory structures. In these 
ears the membranous walls of the saccules and duc- 
tus reunientes are normal. The etiology for the 
cochlear pathology is thought to be measles in four 
ears and whooping cough in two ears. 


Only case 4 complained of vertigo. This symptom 
consisted of recurring episodes of a spinning sensa- 
tion with nausea of short duration, similar to but 
less severe than the classic attacks of vertigo occur- 
ring in Menieére’s disease. We suspect that these ears 
with their collapsed saccules and partially 
atrophied striae vasculares are incapable of genera- 
ting and pooling large volumes of endolymph in the 
vestibular system. This condition would obviate the 
occurrence of ruptures of the membranous 
labyrinth with potassium paralysis of the vestibular 
system, such as is postulated as the cause for 
episodic vertigo in Meniére’s disease.?! 
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NINCDS NOTES* 


INSTITUTE INVITES TINNITUS 


The NINCDS Communicative Disorders Program is soliciting research proposals on tinnitus, a common adult hearing problem. The 
Institute, which recently awarded several research grants in this area, is particularly interested in studies defining the auditory properties 
of tinnitus and identifying the disorder’s causes and physiological correlates. Other high-priority needs are investigations to explore the 
masking of tinnitus and to develop animal models and improved methods of tzeatment. Information on application procedures may be ob- 
tained from Dr. Earleen Elkins, Communicative Disorders Program, NINCDS, Federal Building, Room 1C08, 7550 Wisconsin Avenue, 
Bethesda, MD 20205; tel: (301) 496-5061. 


EARCH APPLICATIONS 


POSTDOCS SOUGHT FOR CHEM 


Applications from clinical investigators interested in postdoctoral researeh training in the clinical measurement of taste and smell 
function are being sought by NINCDS’s Communicative Disorders Program. The announcement for training appears in the NIH Guide for 
Grants and Contracts, Vol. 10, No. 10. Additional information on these training opportunities is available from Dr. Jack Pearl, Com- 
municative Disorders Program, NINCDS, Federal Building, Room 1C14, 7550 Wisconsin Avenue, Bethesda, MD 20205; tel: (301) 
496-5061. 


SENSORY TRAINING 


NINCDS SOLICITS INSTITUTIONAL TRAINING GRA 


Nonprofit institutions have been invited by NINCDS to propose gr 
vestigating speech and language disorders. The Institute’s Communicative Disorders Program, under guidelines established for National 
Research Service Awards, is seeking to encourage research careers in speech anc language by providing postdoctoral laboratory and clinical 
research experience in these disciplines. Of particular interest are proposals providing for study of impaired language or speech develop- 
ment, language problems in infantile autism, stuttering, and voice disorders. Pregram proposals which include adult aphasia and dysar- 
thrias associated with neurological disorders are also being sought. Domestic private or public institutions may apply for grants. Informa- 
tion on application procedures may be obtained fram Dr. Christy L. Ludlew, Communicative Disorders Program, NINCDS, Federal 
Building, Room 1C13, 7550 Wisconsin Avenue, Bethesda, MD 20205; tel: (301) 496-5061. 


*This information is prepared monthly by the Office of Scientific and Health Reports, National Institute of Neurological and Communicative Disorders 
and Stroke, National Institutes of Health, Building 31, Room 8A06, Bethesda, MD 20205; (301) 496-5751. 


PROGRAMS IN SPEECH AND LANGUAGE 


t supported programs for training scientists in methods of in- 
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SPATIAL OCCUPANCY OF VESSELS AND FACIAL NERVE 
A IN THE FACIAL CANAL 


AKIRA OGAWA, MD, DMS 


TOKYO, JAPAN 


ISAMU SANDO, MD, DMS 


PITTSBURGH, PENNSYLVANIA 


The vascularity and spatial relationships of the contents of the labyrinthine portion of the facial canal were studied by measuring the 
diameters of arteries, the areas of the arteries, veins, facial nerve, and facial canal; and by expressing these areas as percentages of the areas 
of the facial canal and facial nerve. These results were compared for each of these segments of the facial canal. Using temporal bone sec- 
tions which contained transverse or oblique sections of the three representative (labyrinthine, tympanic, and mastoid) portions of the facial 
canal, the size of the largest artery, and the area of the sectioned vessels, facial nerve, and facial canal were measured. Relative values of 
measured areas were calculated as an index of spatial occupancy of vessels and facial nerve in the canal. By comparing these results in three 
portions, we could demonstrate that, in the labyrinthine portion, the internal diameter of the main artery was less than four tenths of the 
diameter of the arteries in the other portions, and that the ratio of spatial occupancy of the vessels to the canal and to the nerve in the 
labyrinthine portion was extremely small compared with that in the other two portions. We also found that the labyrinthine and tympanic 
portions of the canal have less extra space for the nerve than does the mastoid portion. Considering both the vascularity of the three por- 
tions of the facial canal, and the spatial relationships of elements in the canal in each of the three segments of the canal, we feel that the 
facial nerve in the labyrinthine portion of the facial canal is indeed anatomically the most vulnerable portion of the nerve in its course 


through the temporal bone. 
INTRODUCTION 


Many authors have discussed the arterial supply 
to the facial nerve and the spatial relationship that 
the facial nerve bears to the canal.'** In 1954 and 
1956 Blunt** pointed out that in the labyrinthine 
portion of the canal there is no anastomosing arter- 
ial arcade making this portion the one weak link in 
an otherwise continuous arterial anastomotic chain 
throughout the facial canal. Because at that time® 
the lesion of Bell’s palsy was believed to occur most 
commonly in the mastoid portion of the canal, 
Blunt did not perceive that the unique structure of 
the blood supply to the labyrinthine portion could 
possibly be associated with the etiology of this dis- 
ease. 


Recently, as a result of the developmen: of a 
surgical technique to approach the internal audi- 
tory canal and the labyrinthine portion of the facial 
nerve,’~’ it has been discovered that this portion of 
the nerve is most frequently involved in Bell’s palsy 
as well as in traumatic herpetic and neoplastic le- 
sions.’ Also it has been found that the labyrinthine 
segment of the facial canal is the narrowest part of 
this structure in the temporal bone.'® 


Although the arterial supply and spatial relation- 
ship of the facial nerve to the facial canal have been 
discussed previously, no detailed study of these sub- 
jects in different portions of the facial canal has yet 
been reported. 


The purpose of this paper is to investigate the 
vascularity of the facial nerve, as well as the spatial 
relationship of the facial nerve to the facial canal in 


its three different portions (labyrinthine, tympanic, 
and mastoid). These studies may help increase our 
understanding of the etiology of Bell’s palsy. 


MATERIALS AND METHOD 


From our human temporal bone collection, 18 bones were se- 
lected for the present study. They were carefully chosen accord- 
ing to the following criteria: 1) No bones were studied which had 
been obtained from individuals who suffered from a congenital 
disease or an acquired disease which could lead to pathologic 
changes in the structure of the temporal bone. 2) Only specimens 
which included all labyrinthine, tympanic, and mastoid portions 
of the facial canal in either cross section or oblique section were 
studied; those in which the canal was seen in longitudinal section 
were not included in this study. 


These bones had been removed from cadavers in the routine 
manner, fixed in 10% formalin solution, dehydrated in graded so- 
lutions of ethanol, embedded in celloidin, and sectioned horizon- 
tally at 204. Every tenth section was stained with hematoxylin 
and eosin (H & E). Additional sections were stained by the Ver- 
hoeff-van Gieson method to differentiate the artery from the vein. 


The diameter of the largest artery and the sum of the areas of 
the arteries and veins and the areas of the facial nerve and facial 
canal in the labyrinthine, tympanic, and mastoid portions of each 
temporal bone were measured. 1) The measurements in the laby- 
rinthine portion were made just proximal to the geniculate gang- 
lion (Figs. 1 and 2). 2) The tympanic measurements were made in 
the middle of the tympanic portion (Figs. 3 and 4). 3) The mea- 
surements in the mastoid portion were made at the same level as 
the lowest point of the cochlea (Fig. 5). As described by Linde- 
man.° parts of the tympanic and mastoid portions of the canal 
were found to be dilated. These were locations where blood 
vessels entered the surrounding bone tissue. In this study, these 
parts were not used in determining the diameters and areas men- 


tioned above. 


The internal diameter of the largest artery in each of the three 
representative portions of the facial canal was measured using an 
eyepiece scale built into the microscope. The internal diameter 
was measured because it was always possible to detect endotheli- 
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Fig. 1. (Bone 13) Labyrinthine portion of the facial 
canal. Several small vessels (arrows) are shown in the 
peripheral connective tissue. A clear space (S) surrounds 
most of the facial nerve (FN) except for the area (A) close 


to the geniculate ganglion, which might contain cerebro- 
spinal fluid as described by Fisch." (H & E, x52) 


um more clearly than to differentiate the tunica adventitia, which 
was often indistinct in those sections stained with H & E. When 
an artery had been sectioned obliquely, the minimum width of 
the lumen was taken as the diameter of this artery. 


Enlarged pictures of the vessels, facial nerve, and facial canal 
in each portion of the facial canal were drawn in a projector ap- 
paratus. From these enlargements, the areas of the vascular lu- 
men, facial nerve, and facial canal were measured using a com- 
pensating polar planimeter. Then the actual areas of the arteries, 
veins, nerve, and canal were determined by multiplying the area 
measured on the enlargement by the inverse of the magnification 
used. Because many specimens had been sectioned ebliquely, the 
areas of these structures would be greater on oblique sections than 
these areas measured on more transversely sectioned specimens. 
However, in general, the proportion of the area of one structure 
to the area of another would not be affected by the angle of sec- 
tioning. 
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Fig. 3. (Bone 14) Tympanic portion of the facial canal. 
An artery (large arrow) and veins (small arrows) are nota- 


ble. Facial nerve (FN) is covered by the perineurium. (H & 
E, x49) 
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Fiz. 2. (Bone 10) Labyrinthine portion of the facial ca- 
nal. _n this portion of the canal a small space surrounds the 
faeial nerve (FN). The ratio of the area of the nerve to that 
of the canal is almost the same as the mean of this portion. 
Note that no perineurium ie ee o the nerve was 
obse ved. An artery (large arrow) which is shown in the 
nerv> bundle is exceptionally large for this portion. A few 
smal veins (small arrows) may be seen in the peripheral 
comr=ctive tissue. S - Cerebrospinal fluid space. (H & E, 


X52) 





Wher the sum of the areas of the arteries and veins and the 
areas of the facial nerve and facial canal in each of the three seg- 
ments o the canal had been determined, we calculated the fol- 
lowing -atios to determine the degree to which each segment of 
the sacis. canal was occupied by vessels or the facial nerve. We 
also calculated an index of vascularity for the facial nerve in each 
segment. We then compared these indices for each of the portions 
of thecznal: ratio of sum of areas of a) sectioned arterial lumens 
to area ef the facial canal, b) sectioned arterial lumens to area of 
the taciz. nerve, c) sectioned venous lumens to area of the facial 





F g. 4. (Bone 5) Tympanic portion of the facial canal. A 
zela ively small space surrounds the facial nerve (FN). The 
catic of the area of the nerve to that of the canal is almost 
the . ame as the mean for this portion. Relatively small ar- 
terie (large arrows) and a moderate number of venous lu- 
mers (small arrows) are visible. (H & E, x45) 
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TABLE 1. INTERNAL DIAMETER OF LARGEST ARTERY 
IN EACH PORTION OF FACIAL CANAL 


Portion (p) 


Bone No. Lab Tym Mast 
l 20 20 30 
2 20 70 70 
3 20 30 70 
4 (-)* 70 50 
5 20 40 30 
6 30 50 150 
7 20 100 60 
8 20 130 110 
9 30 50 90 

10 50 60 40 
ll 20 50 40 
12 20 30 60 
13 20 70 160 
14 30 160 40 
15 20 40 90 
16 30 110 70 
17 30 40 90 
18 (-)* 70 120 
Meant 25.0(a) 66.1(b) 76.1(b) 
SD 8.2 ITa 38.8 


Lab - Labyrinthine portion of the canal; Tym - Tympanic portion of the 
canal; Mast - Mastoid portion of the canal. 


*No artery was detected in this specimen. 


tThe mean value (a) is significantly different from mean value (b) by 
Student’s ¢ test (p< 0.01). 


canal, d) sectioned venous lumens to area of the facial nerve, and 
ratio of the area of sectioned facial nerve to the area of the facial 
canal. In all of these studies, vessels which were smaller than 10 u 
in diameter were neglected. Statistical analysis of the means and 
variances of these values was carried out by the Student's t test 
and F test, respectively. 


RESULTS 


Internal Diameter of the Largest Artery. The ar- 
tery was detected in the labyrinthine portion in 16 
out of 18 bones. Its mean diameter was 25.0 +8.2 
u(M+SD). In the tympanic and mastoid portions 
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Fig. 5. (Bone 15) Mastoid portion of the facial canal. 
Three arteries (large arrows) may be seen. Venous lumens 
(small arrows) are small for this portion. In this section 
there is a great deal of space surrounding the facial nerve 
(FN) covered by the perineurium, which is usual in this 
portion of the canal. (H & E, x45) 


TABLE 2. RATIO OF SUM OF AREAS OF SECTIONED 
ARTERIAL LUMENS TO AREA OF FACIAL CANAL 


Portion (%) 


Bane No. Lab Tym Mast 
l 0.0 0.2 0.1 
2 0.0 1.2 0:5 
3 0.1 0.1 0.3 
4 (-)* 0.7 0.3 
5 0.1 0.2 0.1 
6 0.1 0.3 0.5 
7 0.1 O05 0.4 
8 0.6 1.0 0.8 
9 0.0 0.3 0.8 

10 0.2 1.2 0.3 
l1 0.1 0.3 1.2 
12 0.0 0.2 0.4 
13 0.1 0.7 1.3 
14 0.2 1.9 0.1 
15 0.0 0.2 0.7 
16 0.2 Ld 0.5 
17 0.1 0.8 0.8 
18 (-)* 0.4 0.7 
Meant 0.12(a) 0.63(b) 0.54(b) 
SD 0.14 0.49 0.35 


two or three arteries were detected in all 18 bones. 
The largest artery in the tympanic portion had a 
mean diameter of 66.1+437.3 » and 76.1+ 38.8 p 
and in the mastoid portion respectively. The results 
of these measurements are shown in Table 1. The 
arterial diameter in the labyrinthine portion was 
significantly smaller than that in both the tympanic 
and mastoid portions (p<0.01). 


Ratio of Sum of Areas of Sectioned Arterial Lu- 
mens to Area of the Facial Canal or the Facial 
Nerve. As shown in Table 2, the ratio of the sum of 
luminal areas of sectioned arteries to areas of the 
facial canal was 0.12+0.14% (M+SD) in the 
labyrinthine portion, 0.634 0.49% in the tympanic 
portion, and 0.54+ 0.35% in the mastoid portion. 


TABLE 3. RATIO OF SUM OF AREAS OF SECTIONED 
ARTERIAL LUMENS TO AREA OF FACIAL NERVE 


Portion (%) 


Bone No. Lab Tym Mast 
] 0.0 0.3 0.1 
2 0.1 aud 1.9 
3 0.4 0.2 10.0 
4 (-)* 1.4 0.8 
5 0.1 0.3 0.2 
6 0.3 | E i 4.7 
7 0.1 0.8 1.3 
8 0.9 £3 2.7 
9 0.0 0.5 263 

10 0.4 2.0 0.6 
ll 0.1 1.6 3.9 
12 0.1 0.4 1.0 
13 0.2 | 6.0 
14 0.4 6.8 0.7 
15 0.1 0.4 1.9 
16 0.4 2.8 2.0 
17 0.1 1.4 PAA | 
18 (-)* 0.9 1.9 
Meant 0.23(a) 1.58(b) 2.45(b) 
SD 0.23 1.58 2.44 


TABLE 4. RATIO OF SUM OF AREAS OF SECTIONED 


FACIAL CANAL 


VENOUS LUMENS TO AREA OF FACIAL NERVE 


Portion (%) 


Portion (%) 


ABLE 6. RATIO OF AREA OF SECTIONED FACIAL 
NERVE TO FACIAL CANAL 
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Bone No. Lab Tym Mast ome No. Lab Tym Mast 
] 0.9 7.9 0.6 l 44.4 59.3 36.1 
2 0.5 12.8 6.4 2 45.4 "37.4 26.2 
3 0.7 3.2 14.9 3 35.3 49.1 34.6 
4 0.5 6.8 5.8 4 50.1 50.0 35.7 
5 1.3 8.6 4.2 5 62.5 54.9 50.7 
6 0.2 13.6 18.0 6 43.2 25.9 11.3 
7 1.0 1.9 7.0 7 50.7 63.4 30.2 
8 0.3 5.9 11.0 8 62.6 41.8 30.5 
9 0.7 3.9 6.8 9 47.8 59.0 34.1 

10 0.3 1.2 1.3 10 53.6 62.1 51.4 
ll 0.6 14.2 9.0 u 46.6 20.8 29.8 
12 0.8 5.4 7.9 12 54.2 53.5 37.2 
13 0.4 5.1 3.4 13 35.1 33.2 21.4 
14 0.3 23.1 11.4 l4 38.0 27.2 16.4 
15 0.3 1.9 2.5 15 41.5 66.8 36.2 
16 0.4 8.3 8.9 16 51.3 39.3 23.2 
17 0.9 9.4 8.6 17 56.4 53.1 37.0 
18 0.3 14.5 9.7 18 50.0 44.6 37.4 
Meant 0.58(a) 8.21(b) 7.63(b) -ant 48.26(a) 46.74(a) 32.19(b) 
SD 0.31 5.67 4.51 €D 8.06 13.80 10.21 


The ratio in the labyrinthine portion was signifi- 
cantly less than that in the other two portions 
(p<0.001). The ratio of the total luminal area of 
sectioned arteries to the facial nerve area was 
0.23+ 0.23% (M= SD) in the labyrinthine portion, 
1.58+ 1.58% in the tympanic portion, and 2.45 
+2.44% in the mastoid portion. These are shown 
in Table 3. Again, the ratio in the labyrinthine por- 
tion was significantly smaller than that in the other 
two portions (p< 0.001). 


Ratio of Sum of Areas of Sectioned Venous Lu- 
mens to Area of the Facial Canal or the Facial 
Nerve. Table 4 shows the ratio of sum of areas of 
sectioned veins to the area of the facial canal, which 
was 0.58+ 0.31% (M+ SD) in the labyrinthine por- 


TABLE 5. RATIO OF SUM OF AREAS OF SECTIONED 
VENOUS LUMENS TO AREA OF FACIAL NERVE 


Portion (%) 


Bone No. Lab Tym Mast 
l 2.1 13.2 | 
2 ki EPK 24.4 
3 2.1 6.6 43.1 
4 A | 13.6 16.1 
5 2.0 15:7 8.3 
6 0.4 52.6 159.6 
7 1.9 2.9 23.3 
8 0.6 14.1 36.1 
9 0.1 6.7 19.8 

10 0.5 2.0 2.5 
1] 1.3 68.1 30.3 
t2 1.4 10.0 21.2 
13 1.0 15.4 16.0 
14 0.7 84.9 69.1 
15 0.7 2.8 6.9 
16 0.9 4 | 38.2 
17 1.7 ari 23.3 
18 0.6 32.4 25.9 
Meant 1.12(a) 22.89(b) 31.43(b) 
SD 0.63 23.36 35.84 


ion. 8.21+5.67% in the tympanic portion, and 
7.624 4.51% in the mastoid portion. The ratio in 
the abyrinthine portion was significantly less than 
that observed in the remaining two portions (p< 
0.001). As shown in Table 5, the total area of sec- 
tioned veins averaged 1.12+0.63% (M+SD) of 
that of the area of the facial nerve in the labyrinth- 
ine portion, 22.89+ 23.36% of that in the tympanic 
perton, and 31.434 35.84% of the area of the fa- 

ial nerve in the mastoid portion. Again, the ratio in 
the abyrinthine portion was significantly smaller 
thar that in the other two portions (p< 0.001). 


etio of the Area of Sectioned Facial Nerve to 
that of Facial Canal. As shown in Table 6, the facial 
nerve occupied 48.26+ 8.06% (M+ SD) of the canal 
in the labyrinthine portion, 46.744 13.80% in the 
tympanic portion, and 32.19+ 10.21% of the canal 
in the mastoid portion. The former two values were 
significantly larger than the third (p<0.001). 


DISCUSSION 


atil recently, it was thought that Bell’s palsy 

s most probably caused by primary or secondary 
ischemia. Recently, however, viral infection has 
n implicated in the etiology of this disorder.'!-'4 
Edema and ischemia of the nerve would be ex- 
ted to occur with this disorder regardless of the 
cause, and engorgement of the vein due to the 
edema of the nerve would lead to further increased 
edema of the nerve.'S These changes must occur 
within the facial canal, which as a closed space 
allows only limited possibility for expansion of soft 
tissue. Therefore, the condition of the arterial and 
venous contents of the canal and the spatial rela- 
tionship that the nerve bears to the canal appear to 
be important factors in the occurrence of Bell’s 


palsy. 
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Fig. 6. Rich vascularity (arrows) in the horizontally sec- 
tioned geniculate ganglion (G) area is in striking contrast 
to the poor vascularity in the labyrinthine portion (L). C - 
Cochlea. (H & E, x27) 


Until recently, it had been thought that the most 
frequent site of the lesion of Bell’s palsy was the 
mastoid portion of the nerve, just above the stylo- 
mastoid foramen.*'*'® Several investigators ex- 
amined this portion of the canal for evidence of an 
anatomical factor predisposing to Bell’s palsy, but 
they found no evidence of compromised blood sup- 
ply to any part of the facial nerve below the genicu- 
late ganglion which would especially predispose it 
to ischemia, the result of vascular spasm.? They also 
searched for narrowing in the vertical portion of the 
facial canal,® but found none. 


It is now possible to approach the labyrinthine 
portion of the facial canal and the internal auditory 
canal through the middle cranial fossa.’-? This de- 
velopment has shown clinically that the labyrinth- 
ine portion of the nerve is the most frequent site of 
the lesion of Bell’s palsy.'®° This seems reasonable, 
since it has been reported that this particular por- 
tion of the canal is the narrowest’? and that there is 
no anastomosing arterial arcade in the canal (this 
latter will be discussed later). 


Regarding the vascularity of the facial canal, to 
our knowledge, there is no clear description of the 
blood supply in the labyrinthine portion. Blunt?“ 
reported that the arterial blood supply of the facial 
nerve derives proximally from the anterior inferior 
cerebellar artery, the nerve in the internal auditory 
meatus being supplied by the internal auditory ar- 
tery. He did not describe the particular sources of 
the blood supply to the labyrinthine portion. Sun- 
derland and Cossar’ stated that the branches of the 
petrosal artery proceed centrally along the facial 
nerve as far as the meatal entrance to the lebyrin- 
thine portion of the facial canal. They also found 
that fine branches from the internal auditory ar- 
tery, anterior inferior cerebellar artery, and basilar 
artery supplied the nerve between the brainstem 
and the geniculate ganglion. Nager and Nager' re- 


ported that one of the branches of the petrosal ar- 
tery enters the geniculate ganglion and divides into 
two vessels, one of which travels centrally to the 
fundus of the internal auditory meatus. 


From the descriptions supplied by these investi- 
gators, it appears that the vascular supply to the 
labyrinthine portion of the facial nerve is derived 
from the fine branches of the petrosal artery or of 
the internal auditory artery or both; in addition, it 
appears that this portion had no anastomosing ar- 
terial arcade. Therefore the labyrinthine portion 
seems to be poorly vascularized compared with the 
other two portions, which are supplied from an ar- 
terial arcade formed by direct anastomosis between 
the stylomastoid artery and the petrosal artery.'? 
This anastomosis is of profound functional signifi- 
cance since it ensures adequate vascularization of 
the intracanalicular segment of the facial nerve, 
even after obstruction of one or another of its com- 
ponent vessels.* Blunt? also found that the petrosal 
artery provides the main arterial supply to the 
geniculate ganglion and that there is no direct link 
between the petrosal artery and the branch of the 
internal auditory artery. The labyrinthine portion, 
therefore, is the one weak link in an otherwise con- 
tinuous arterial anastomosing chain. 


In the present study, the relatively poor vascu- 
larity of the labyrinthine portion was demon- 
strated, which is in striking contrast to the genicu- 
late ganglion area (Fig. 6). This was determined by 
the measurement of the largest artery, the arterial 
area, and the venous area in the canal. The internal 
diameter of the largest artery in the labyrinthine 
portion was found to be less than 40% on the aver- 
age. of that of the main artery measured in the 
other two portions. The ratio in the labyrinthine 
portion of the sum of areas of sectioned arterial 
lumens to the area of both the facial canal and the 
facial nerve was much smaller than that same ratio 
in the tympanic and the mastoid portions. 


In the labyrinthine portion, the ratio of the sum 
of areas of sectioned veins to the canal and to the 
nerve was also much smaller than that observed in 
the tympanic portion and the mastoid portion. 
However, there was no significant difference be- 
tween the above mentioned ratios of the arteries 
and veins in the tympanic and mastoid portions. 
From this study it seems clear to us that due to its 
poor vascularization, the labyrinthine portion of 
the facial nerve could easily become ischemic. 


Edema of the facial nerve may be closely related 
to the efficiency of venous drainage. Veins in the 
canal could easily become engorged as a result of 
swelling of the facial nerve, which in turn would in- 
crease the edema. This situation may be more likely 
to occur in the labyrinthine portion of the canal be- 
cause this portion, according to our study, was re- 
vealed to have a poor venous system compared with 
the other two portions. 


Just as the vascularity of different portions of the 
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facial canal is significant in the etiology of Bell’s 
palsy, we feel that the spatial condition of the nerve 
in the canal is also one of the important factors in 
the etiology of this disorder. Sunderland and Cos- 
sar’ found that the nerve occupied 20-50% of the 
canal. Lindeman’ measured only the mastoid por- 
tion of the canal, using a method very similar to 
that used in our study, and stated that the nerve oc- 
cupied 25-50% of the bony canal and that no par- 
ticular narrowing within the mastoid portion of the 
facial canal could be seen. However, Fisch!° 
measured diameters of the facial nerve and canal at 
three different points along the nerve, similar to 
those which we chose to study. He found that unoc- 
cupied space in the facial canal was least in the 
labyrinthine portion. 


The results of the present study demonstrate that 
the facial nerve area in both the labyrinthine and 


tyrapenic portions occupies on an average more 
then £5% of the canal, while in the mastoid portion 
the nerve occupies only 32%. This means that the 
labyrinthine and tympanic portions of the canal 
have ess extra space for the nerve than does the 
mæto d portion of the canal. Thus it may be seen 
how tie nerve may be damaged so easily. 


We feel that the most reasonable finding of our 
investigation was extremely poor vascularity of the 
labvriathine portion of the facial canal. This poor 
vascularity combined with the unique arterial sup- 
ply ce: cribed by Blunt? could easily lead to ischemia 
of te facial nerve. In comparison we feel that the 
fincing of narrowing of the labyrinthine portion is 
less: gnificant. However, both poor vascularity and 
nar-ewing of the canal in relation to the facial 
ner~e n the labyrinthine portion appear to be one 
of tae significant etiologies of Bell’s palsy. 
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TYMPANOMETRIC CONFIGURATIONS AND MIDDLE EAR FINDINGS 
IN EXPERIMENTAL OTITIS MEDIA 


G. SCOTT GIEBINK, MD 


KELLEY A. HELLER EARL R. HARFORD, PhD 


MINNEAPOLIS, MINNESOTA 


Relationships between ventilation of the middle ear (ME) system and pathogenic bacteria in the upper respiratory tract were explored 
in an animal model to better understand the etiopathogenesis of otitis media. Otitis media developed in 12 of 18 chinchillas inoculated in- 
tranasally with Streptococcus pneumoniae followed by bilateral ME deflation (negative pressure). Otitis media with effusion developed in 
19 of 36 ears examined ten days after inoculation. The development of purulent effusion after ten days was highly correlated with persis- 
tent negative ME pressure for at least 48 hours after deflation, while most ears that developed serous effusion after ten days had normal ME 
pressure 48 hours after deflation. Tympanometric validation of the presence or absence of effusion and type of effusion was obtained ten 
days after inoculation. A low compliance tympanogram detected 90% of the purulent effusions and was 100% specific for this type of effu- 
sion. In contrast, three of four serous effusions were associated with normal pressure/normal compliance tracings suggesting that the 
physical characteristics or volume of ME effusion and/or the histopathology of the ME cleft are reflected in the tympanometric configura- 


tion. 


Otitis media (OM) is a common childhood illness 
effecting the majority of children on at least one oc- 
casion before entering school. Although the sup- 
purative complications of acute OM, such as mas- 
toiditis and meningitis, have diminished in frequen- 
cy with the widespread use of antimicrobials, hear- 
ing impairment remains a major sequela of this dis- 
ease effecting children’s language and scholastic 
skills. Acoustic impedance measurement as a means 
of evaluating middle ear (ME) physiologic function 
is gaining wide interest among otologists and 
pediatricians. Tympanometry resolves many of the 
disadvantages of conventional otologic assessment 
for otitis media with effusion (OME) and has prov- 
en to be a reliable, objective and noninvasive pro- 
cedure. 


While the incidence and epidemiology of OM is 
well-described,*~’ the pathogenesis of this condition 
is not understood. Clinical and experimental studies 
suggest that a triad of factors, including ME ven- 
tilation, pathogenic microbes in the upper respira- 
tory tract, and inflammatory and immunologic host 
responses, are intimately involved in OM pathogen- 
esis.2 Laboratory examination of middle ear effu- 
sion (MEE) from patients with OM reveals distinct 
effusion types, which have been classified as puru- 
lent, serous and mucoid, yet observations in hu- 
mans and experimental animals show that effusions 
change their biochemical, microbiologic and cyto- 
logic characteristics over time.*"’ Thus, OM is a 
spectrum of different clinical entities which appear 
to have a common etiopathogenesis. 


Animal models of OM have been employed to ex- 
plore the pathogenesis of this condition. Functional 


or mechanical obstruction of the eustachian tube 
produces serous of mucoid OM,'®'?%-'5 and inocula- 
tion of the ME with Streptococcus pneumoniae pro- 
duces purulent OM." While intranasal inoculation 
of chinchillas with pneumococci did not yield a 
high incidence of OM, middle ear deflation (nega- 
tive pressure) applied several days after intranasal 
inoculation greatly increased the incidence of puru- 
lent OM, thereby supporting the hypothesis that 
both compromised ME ventilation and pathogenic 
respiratory tract bacteria are important in the 
pathogenesis of purulent OM.'* Tympanometry has 
been utilized to further explore the relationships be- 
tween ventilation of the ME system and pathogenic 
bacteria in the upper respiratory tract in the pro- 
duetion of experimental OM. This report describes 
ME pressure/tympanic membrane (TM) compliance 
characteristics which antedate the development of 
OM in chinchillas, as well as the pressure/compli- 
anee characteristics associated with direct observa- 
tions of the ME cleft and effusion. 


METHODS 


Otitis media was produced in healthy young adult chinchillas, 
one to two years of age, following intranasal inoculation with S 
pneumoniae type 7F (American type 51). Virulence of the strain 
was maintained by monthly passage in mice, and serotype was 
confirmed throughout the experiments by the quellung reaction 
using antiserum to type 7 S pneumoniae (Statens Seruminstitut, 
Copenhagen, Denmark). Pneumococci were cultured in nutrient 
broth and frozen in glycerol-buffered albumin at — 70 C for dilu- 
tion prior to each experiment.'’® The inoculum for each experi- 
ment was prepared by thawing an aliquot of the frozen pneumo- 
coccal suspension immediately before inoculation and diluting it 
in sterile phosphate-buffered saline (PBS; pH 7.4) to a concentra- 
tion of 2 x 10° pneumococci/ml. Chinchillas anesthetized with 15 
mg ketamine hydrochloride IM were inoculated intranasally by 
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Fig. 1. The range of tympanometric configurations from 
43 healthy anesthetized chinchillas (86 ears). All tym- 
panograms showed peak compliance between 15 and 106 
mm H,O (mean = 60 mm H,0O). 


dripping 0.5 ml of the bacterial suspension into the nares, main- 
taining the animals in a supine position for several minutes. 


Middle ear deflation was performed bilaterally two days fol- 
lowing pneumococcal inoculation. The fur over the ME bulla was 
plucked and the skin prepared aseptically. Immediately prior to 
deflation, the nasopharynx of each chinchilla was rinsed with 0.5 
ml sterile PBS. Negative pressure was applied to the ME by insert- 
ing a 23 gauge needle attached to a mercury manometer into the 
epitympanic bulla. Negative pressure (— 30 mm Hg) was applied 
to each ear while an observer noted TM retraction. Deflation was 
maintained in each ear for five minutes. 


At regular intervals, the TM of each chinchilla were examined 
using an operating microscope, and tympanometry was per- 
formed using a Grason-Stadler 1722 Middle Ear Analyzer. Bone 
wax (Lukens Laboratory) was liberally applied to the tym- 
panometer tip to insure an airtight seal. When properly inserted, 
the tympanometric tracing began between 0.25 and 1.25 milli- 
mhos. Duplicate readings were taken of each ear. Tympanic 
membrane color and opacity were described at each examination, 
and presence of an air-fluid level, bubbles, or perforation was 
noted. All chinchillas were sacrificed ten days after pneumococcal 
inoculation, and the ME cavities were examined for effusion and 
culture on 5% sheep’s blood agar. 


RESULTS 


Tympanometry was performed on 86 healthy un- 
infected chinchillas to establish the normal tym- 
panometric configuration of an anesthetized chin- 
chilla. These tympanograms were plotted on the 
pressure compliance axes to construct the upper and 
lower range of normal (Fig. 1). Results clustered in 
a single configuration with peak compliance be- 
tween 15 and 106 mm H,O pressure, which was 
defined as the normal (type A) tympanogram. One 
chinchilla was studied before and during anesthesia 
to determine if there was ME hyperinflation during 
anesthesia which might account for the positive 
pressure peak observed in anesthetized animals. 
The peak TM compliance was 47 mm H,O before 
anesthesia, 67 mm H,O during anesthesia and 54 
mm H0 immediately on awakening. 


Eighteen chinchillas were inoculated intranasally 
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Fig. 2. Tympanogram configurations in chinchillas. 
Fype A tympanogram shows peak TM compliance be- 
tween 15 and 106 mm H,O. Type A, tympanogram has a 
peeked soorguvates with normal pressure but reduced 
compliance. Type A4 tympanogram ka an open configur- 
atien with no peak but pressure within the normal range. 
‘Type B, tympanogram shows an initial rise in compliance 
as pressure is increased but no peak. Type B tympanogram 

ows no change in compliance as pressure is increased. 
Type C tympanogram shows nearly normal compliance 
with negative ME pressures (<6 mm H,0). 


wth S pneumoniae followed two days later by 
bi ateral ME deflation. Nasal colonization with 
preumococci was established in all 18 animals, and 
lz (€7%) developed OME. Three animals (17%) 
developed bilateral purulent effusions which cul- 
turec S pneumoniae. Seven animals (39%) devel- 
oped unilateral purulent pneumococcal OM, and 
three of these seven had sterile serous effusion in the 
contralateral ear. Two animals (11%) developed 
biateral OM with sterile serous effusions. Three 
arimals (17%) showed a unilateral change in TM 
cdor and opacity at sacrifice but effusion was not 
obtained. 


Tympanometry was performed on inoculated 
chinchillas two days following ME deflation to de- 
termine ventilation deficits associated with the sub- 
sequent development of OM, and again at sacrifice 
fer tvmpanometric validation of effusion. The re- 
sulting tympanometric configurations clustered into 
s unique types which were classified using modifi- 
cations from human tympanometric configurations 
described by Jerger based on the Madsen impedance 
bridge’ (Fig. 2). , 
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TABLE 1. TYMPANOMETRIC CONFIGURATIONS 2 DAYS AFTER ME DEFLATION AND SUBSEQUENT DEVELOPMENT OF 
OM IN 18 CHINCHILLAS 


No. Ears with Specified Tympanometric Configuration 48 Hours After Deflation 
A Ag A 


ME Finding at Sacrifice No. Ears ` B, C 

OME 

Purulent, pneumococcal 13 0 0 0 8 0 5 

Serous, sterile 6 4 0 0 2 0 0 
Red/opaque TM 

without effusion 3 3 0 0 0 0 0 
No OM 13 ll 0 0 
Total no. ears 18 0 l 10 0 6 


Ears that developed effusion during the ten days 
after inoculation and ME deflation showed persis- 
tent negative ME pressure and low compliance tym- 
panograms when measured 48 hours after deflation 
(Table 1). A type B+ or C tympanometric config- 
uration 48 hours after deflation was observed in 15 
of 19 ears that developed OME during the ensuing 
eight days but in only 1 of 13 ears that did not 
develop OM (X? = 15.676, p< .001). All 13 ears that 
subsequently developed purulent effusions which 
cultured pneumococci showed a B+ or C configur- 
ation 48 hours after deflation (Table 1). However, 
only two ears that developed OM with sterile serous 
effusion showed a By configuration, and none 
showed type C configurations 48 hours after defla- 
tion. One ear with a sterile serous effusion could not 
be tested. All three ears showing TM opacity or col- 
or changes but without effusion at sacrifice hac nor- 
mal type A configurations 48 hours after deflation. 
Of the 13 ears which showed no evidence of OM at 
sacrifice, 12 showed normal ME pressure (11 type A 
and 1 type A,), and one showed negative ME pres- 
sure (type C) 48 hours after deflation. 


Tympanometric validation of effusion was per- 
formed on 30 ears available for examination ten 
days after inoculation when the animals were sacri- 
ficed (Table 2). The type B+ and B configurations 
were observed in 9 of 14 ears with effusion and in 
none of 16 ears without effusion (X? = 14.694, 
p<.001). Nine of ten ears with purulent effusion 
showed a B+ or B configuration, while none of the 
four ears with sterile serous effusion showed this 
configuration (p= .005 by Fisher’s exact test). In 
fact, three of the four ears with sterile serous effu- 
sion had normal type A configurations, and one had 
a negative pressure type C configuration. Effusion 
volume was not measured. All three ears with TM 
color or opacity changes without effusion had nor- 


mal type A tympanograms. Eight of the 13 ears 
which showed no evidence of OM had normal ME 
pressure (7 type A, 1 type Ag), and 5 showed nega- 
tive type C configurations. Thus, negative ME pres- 
sure persisted in five ears for eight days after defla- 
tion with pneumococci present in the nasopharynx 
without the development of OM. 


DISCUSSION 


Middle ear deflation was employed in this animal 
model because observations in humans have shown 
that negative ME pressure accompanies and often 
precedes the development of OM." Tympano- 
metry was employed to measure ME pressure since 
others have demonstrated a close correlation be- 
tween electroacoustic impedance measurement and 
actual intratympanic air pressures.*! Although 
anesthesia may have accounted for some positive 
ME pressure in chinchillas, they manifested a static 
positive pressure by the instrument used in this 
study. 


Previous studies have shown that intranasal in- 
oculation of pneumococci in chinchillas with nor- 
mal ME pressure yielded a very low incidence 
(13% ) of OM; ME deflation increased the incidence 
of OM in this animal model by five-fold.'® A defla- 
tion pressure of — 30 mm Hg was selected because 
this pressure caused functional eustachian tube ob- 
struction but did not cause acute histopathologic 
alteration of the ME mucoperiosteal lining.’ 
Because all animals subjected to pneumococcal in- 
oculation and ME deflation did not develop OM, 
we hypothesized that the duration of negative 
pressure in the ME was directly related to subse- 
quent development of OM. Tympanometric mea- 
surements 48 hours after deflation confirmed this 
hypothesis: five of six type C configurations were 


TABLE 2. TYMPANOMETRIC CONFIGURATIONS AND ME FINDINGS AT SACRIFICE IN 15 CHINCHILLAS 10 DAYS AFTER 
PNEUMOCOCCAL INOCULATION 


No. Ears with Specified K dai Configuration at Sacrifice 
B 


g d s + 


ME Findin No. Ears A 
OME 
Purulent, pneumococcal 10 ] 
Serous, sterile 4 3 
Red/opaque TM 
without effusion 3 3 
No OM 13 7 
Total no. ears 14 


0 0 8 l 0 
0 0 0 0 l 
0 0 0 0 0 
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recorded in ears that subsequently ceveloped 
purulent OM. Since four of the six ears that de- 
veloped sterile serous effusion had normal tym- 
panograms 48 hours after deflation, the pathogene- 
sis of this condition seems to be associated with a 
shorter duration of negative pressure than is re- 
quired for the development of purulent effusion. 


Several clinical reports have correlated tympano- 
metric configuration with presence or absence of 
MEE in patients with OM.*?*-?° Jerger proposed a 
method for classifying tympanometric eonfigura- 
tions based on TM compliance and external canal 
pressure at peak compliance using the Madsen im- 
pedance bridge.’ This schemata was further refined 
by Paradise et al, who described 15 tympanometric 
variants each associated with a greater or lesser 
probability of effusion.?? Middle ear pressure and 
compliance are not well correlated and can there- 
fore be used as independent indicators of the state of 
the ME.?5 Our observations in the experimental 
model confirm these clinical studies by demonstrat- 
ing that ears with effusion have a lower com- 
pliance, a smaller gradient and lower pressure than 
dry ears. Our study supports the observation by 
Beery et al by failing to demonstrate a relationship 
between ME pressure and presence of effusion.”* 


The B, tympanometric configuration showed the 
greatest sensitivity (57 % ) and specificity (100% ) for 
OME in chinchillas, whereas the type B config- 
uration was comparably insensitive 10%) but 
equally specific (100%) for presence of an effusion 
(Table 2). Although a variant similar to our B+ con- 
figuration was not described in human patients by 
Paradise et al,” the Class III tracing in humans 
described by Beery et al is similar to the B+ tracing 
in chinchillas.” Among ears without effusion, the 
type A configuration was 63% sensitivity and 71% 
specific for this condition. The type C configuration 
detected 38 % of ears without effusion but was 68 % 
specific for this condition. 


Purulent effusions which cultured pneumococci 
were associated with tympanometric configurations 
which were distinctly different from ears with 
sterile serous effusions. Type B+ configurations were 
found exclusively in association with a purulent ef- 
fusion (Table 2) (p< .001, Fisher’s exact test). Three 
of four serous effusions showed normal type A con- 
figurations, while only one of ten purulent effusions 
showed a type A configuration (p= .04). These re- 
sults suggest that TM compliance andor ME pres- 
sure is directly related to the physical characteristics 
of ME fluids and the histopathology of the ME cleft. 
Histologic examination of the chinchilla ME cleft 
following intranasal inoculation of pneumococci 


and M= deflation has shown mucosal edema, hy- 
peremia, hemorrhage and extensive leukocyte infil- 
tration during the first week after deflation fol- 
lowed by epithelial metaplasia, granulation tissue 
and oseoneogenesis during the second, third and 
fourth week.?? The ME cleft of chinchillas with ser- 
ous MEE showed mucosal edema and widening of 
the subepithelial space with vascular dilations and 
proliferation of loose fibrous connective tissue. Leu- 
kocyte infiltration was considerably less in serous 
than purulent OM." 


Wiederhold et al has also examined the tympano- 
metric configurations of low and high viscosity effu- 
sions in cats after ligation of the eustachian tube.” 
The skape of the tympanogram was not a complete- 
ly reliable indication of effusion. Effusion volume, 
however, did correlate with tympanogram config- 
uration. All ears with at least 0.4 ml of fluid had 
flat (type B) tympanograms, whereas 43% of ears 
with less than 0.4 ml of fluid had very shallow tym- 
panograms. Cantekin et al have also suggested that 
the fase-negative tympanograms recorded on ears 
with serous effusion may be due to a small volume 
of .ow-viscosity fluid which may have an undetect- 
able eontribution in the mass component of the 
acous ic impedance without changing overall com- 
pliance of the ME system.*° We did not measure ef- 
fusier volume in the chinchillas but in previous 
studies have noted that effusion volume varies be- 
tweer 0.05 and 1.4 ml. 


On y a single report has correlated type of effu- 
sion with tympanometric configuration in human 
patiemts.*' In that report low viscosity (serous) effu- 
sicns were found in all ears with low compli- 
ance/aormal pressure tympanograms and in half of 
the ears low compliance/high negative pressure 
tympanograms; high viscosity (mucoid) effusions 
were obtained only on ears with low compli- 
ance/high negative pressure tympanograms. To our 
knowledge, there have been no reports describing 
the trmpanometric characteristics of purulent effu- 
sion, nor has the ME cleft been explored in any of 
these patients to observe pathologic evidence of OM 
for correlation with the tympanometric configura- 
tion. 


These results in an animal model suggest that 
tympanometry might be applied in expanded clini- 
cel s-udies similar to those of Groothuis et al for 
studving the pathogenesis of OM by describing the 
phys ological function of the ME system during lon- 
gitucinal observations.” This study confirms the 
utilitv of tympanometry in detecting MEE and sup- 
pərt: the use of this technique for evaluating chil- 
dren with OM for whom an objective measurement 
of outcome is required. 
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The argon laser has been used clinically to perform stapedotomies in apai with otosclerosis. In order to determine if this device in- 


duces histologic changes in the inner ear, stapedotomies were performed 


cats. saccular membrane fistulas, in line with the path of the 


laser beam, were found in 3 of 8 ears. The unpredictabie nature of the i aa læer in the ear is discussed. 


INTRODUCTION 


Recently, it has been proposed that the argon 
laser be employed clinically for fenestration of the 
stapes footplate in the treatment of otosclerosis. *? A 
similar argon laser is now commercially available 
for otologic surgery. This report presents our pre- 
liminary findings investigating the light microscop- 
ic changes in the middle ear and vestibule following 
argon laser fenestration of the stapes footplate in 
cats. 


MATERIAL AND METHODS 


Seven healthy adult cats with no evidence of ear disease were 
used in this series of experiments. The animals were anesthetized 
with intraperitoneal injections of Nembutal and the middle ear 
exposed through a postauricular approach. Bilateral laser fenes- 
trations of the stapes footplate were performed in four animals us- 
ing a Spectraphysics model 770 argon laser mounted on a Zeiss 
Opmi-one operating microscope. Three animals with intact nor- 
mal ears were used as controls. 


Prior to fenestration of the footplate, the stapes crura were re- 
moved by vaporization with the laser. Initially, a rosette pattern 
of small fenestra was created on the footplate and the central por- 
tion was vaporized, usually with a single pulse. Care was taken 
not to pass the laser beam directly through the femestration. A 
beam intensity of 1.5 W and an exposure time of 0.1 seconds were 
used in all experiments. 


Immediately following creation of the fenestra, the animals 
with bilateral lesions were fixed using vital perfusion of Heiden- 
hain-Susa. Temporal bones were removed immediately following 
perfusion and prepared for light microscopic observation using 
routine celloidin techniques. Twenty-micron serial sections were 
stained with hematoxylin and eosin. 


RESULTS 


The argon laser was successful in creating a 
stapedial footplate fenestration in all eight ex- 
perimental ears. A carbon char was present at the 
margin of the fenestra but did not extend beyond 
the boundaries of the stapes. In three animals a 
coagulum was present in the oval window niche. 
The bone in the area of the fenestration was com- 
pletely vaporized. There were no fragments of bone 
debris in the vestibule, but in two ears the vestibule 
exhibited an amorphous eosinophilic material. The 
margins of all fenestrae also contained the same 
amorphous material. 


r three ears a perforation of the saccular mem- 
brane was present (Fig. 1A). These perforations 
were in direct line with the laser fenestration of the 
footolace. The perforations were of variable sizes 
from 50-150 » in diameter. The margins of the sac- 
cope perforations did not exhibit a marginal char 
like the bone. The only alteration in the saccular 
mera brane at the light microscopic level was a slight 
thicxering at the margins of the perforation (Fig. 
1B). The macula of the saccule appeared intact 

thout evidence of alteration at this magnifica- 
tiom The other five experimental ears exhibited un- 
distarbed saccular membranes (Fig. 2). Control 

irs had intact stapes footplates and intact saccular 
ana omy. 


| DISCUSSION 


‘Durng the initial experiments with the argon 
laserit became quickly apparent that the number of 
ser pulses required to create a stapedial footplate 
nestration was quite variable. The factor that in- 
fluenced this most was pigmentation present in the 
bore. When slight pigmentation was present, a su- 
per ickal carbon char was easily achieved and a fen- 
tration accomplished in 2-3 pulses of the laser 
am. When the footplate was void of pigmenta- 
ior, a char was not produced until a small amount 
lodd was placed over the footplate. Previous 
| R e e 
authors have discussed the importance of pigmenta- 
E when using the argon laser since its concen- 
trating effect depends on absorption by pigmented 
ssaes Absorption of the beam by pigmented tis- 
ues is what makes the argon laser most useful, for 
example, in retinal surgery. 


| The absence of pigmentation of the bone partial- 
e a ains the saccular membrane perforations. Be- 
cause of the lack of pigmentation, the number of 

ser pulses required to create a char is increased. 
tamle and his coworkers’ have shown that internal 
lamtage can be produced in the cochlea with the ar- 
gor leser without producing a bony defect. They 
iscus the fact that internal damage was difficult 
to predict because of the variability of thickness, 
demsitv, and mineralization of the bone. 
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Fig. 1. A) Cat ear following creation of a fenestration (arrow) in the stapes footplate with the argon laser. Saccular 
membrane exhibits perforation (box) in direct line with the path of the laser beam. B) Magnification of A showing perfora- 
tion of margin (arrow) due to cellular swelling. Otoconia (O) appear undisturbed at this magnification. 





Fig. 2. Cat ear following argon laser stapedotomy. The 
fenestration of the stapes and path of the laser beam are de- 
monstrated by the arrow. The saccular membrane (M) was 
intact in this ear. 


Other factors influencing inner ear damage by 
the argon laser include duration of the laser beam 
pulse and focusing of the laser beam. Even though 
the pulse duration is quite short, 0.1 seconds, the 
final bit of bone may be vaporized at the beginning 
of the pulse allowing the beam to penetrate more 
distally. The distal progression of the beam is 
counteracted by using a short focal length beam. 
Focusing often requires trial and error with the 
short focal length laser beam and is a problem when 
dealing with less than a millimeter of tolerance, as 
encountered in the inner ear.** 


The unpredictable combination of footplate 
thickness, lack of pigmentation in the bone, trans- 
mission of the laser beam through the bone, and 
degree of mineralization is compounded in the pa- 
tient with otosclerosis. In view of the fact that sac- 
cular membrane fistulas occurred in 37% of the 
ears following argon laser stapedotomy, the safety 
of this procedure at the present technical level must 
be questioned. It is hoped that the questions raised 
by these initial experiments will stimulate further 
investigative work before the argon laser is 
deployed on a more widespread clinical basis in 
stapes surgery. 
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MUCORMYCOSIS OF THE TEMPORAL BONE 


RUTH GUSSEN, MD 


RINALDO F. CANALIS, MD 


Los ANGELES, CALIFORNIA 


Mucormycosis of the temporal bone is described in a 60-year-old female with uncontrolled diabetes mellitus whose symptoms related 
to cranial nerve palsies and hearing loss, following spread of infection from the nasopharynx. The infection spread along the eustachian 
tube and tensor tympani muscle to the base of the skull, involving the internal carotid artery with mycotic thrombosis and rupture. Subse- 
quent spread occurred from this area predominantly along nerve pathways anu as mycotic emboli in blood vessels of the labyrinth and 
middle ear. Infection also spread from the anterior middle ear wall through the oval window into the vestibule. The temporal bone 
changes were those of granulomatous inflammation with necrosis and ischemic infarction. 


The widespread use of corticosteroids, broad- 
spectrum antibiotics and chemotherapeutic agents 
has resulted in better control of many chronic dis- 
eases. However, along with the beneficial effects of 
these drugs, the resulting altered immunologic sta- 
tus of these patients has contributed to a marked in- 
crease in the incidence of aggressive fungal infec- 
tions. Among those involving the head and neck, 
mucormycosis remains the most rapidly fatal. In 
this region the disease most commonly involves ini- 
tially the nose and paranasal sinuses, usually 
spreading to the eye and eventually intracranially. 
Otologic manifestations may be present and are oc- 
casionally prominent. 


The histopathologic changes of mucormycosis in- 
volving the facial and intracranial struetures are 
well known. In contrast, those associated with the 
otologic manifestations of the disease have been des- 
cribed in only two temporal bone reports, one cited 
by Schuknecht! and described in more detail by 
McGill,? and the second by Meyerhoff.* Recently, 
two patients with mucormycosis originating in the 
nasopharynx and presenting with multiple cranial 
nerve palsies were reported by Bahna et al.* Despite 
aggressive treatment, one of these patiemts with a 
total unilateral hearing loss succumbed to the 
disease. This patient’s temporal bones are the basis 
of this report and are especially interesting because 
they show some of the behavioral features of the 
disease within the ear and demonstrate routes of in- 
fection. 


CASE REPORT 


The patient was a 60-year-old female with adult 
onset diabetes mellitus diagnosed in 1969. In mid- 
February 1978 she was admitted to a local hospital 
in ketoacidosis. During her initial evaluation, she 
was noted to have paralysis of cranial nerves III, V, 
VII, IX, XI and XII. Following control of her keto- 
acidosis, she was transferred to UCLA Medical 


Center for further study. On admission, the patient 
was in no acute distress and her vital signs were 
within normal limits. The cranial nerve deficits 
were again documented, as well as bilateral hearing 
loss more pronounced in the right ear. She denied 
vertigo and there was no nystagmus. The rest of the 
physieal examination was negative except for dif- 
fuse muscular weakness and mild intentional tre- 
mor on the left side. General laboratory data were 
withia normal limits except for a blood glucose of 
265 mg% and urinalysis positive for sugar. A chest 
radiograph was normal. Sinus x-ray films showed 
diffuse mucoperiosteal thickening and a nasophar- 
yngeal mass. A computerized axial tomographic 
(CAT) study showed cloudy sphenoid sinuses. 


Nasepharyngeal examination revealed a predom- 
inantly right-sided, ulcerated mass covered by 

erish exudate. The right tympanic membrane 
was Cull, stiff and lacked normal anatomical land- 
marks. The left tympanic membrane was hypomo- 
bile but otherwise normal. Audiogram revealed a 
moderate sensorineural hearing loss in the left ear 
and ‘etal sensorineural hearing loss in the right. 
Biopsy of the nasopharyngeal mass demonstrated 
acute inflammatory reaction, muscle necrosis and 
numerous nonseptate hyphae consistent with the 
diagnesis of mucormycosis. 


Treatment was started with amphotericin B, 30 
mg twice a day. However, the patient became in- 
creasingly lethargic without appreciable change in 
her blood chemistry. A repeat CAT scan revealed 
extension of the disease to the right internal carotid 
artery. the sphenoid sinus and posterior ethmoidal 
cells. No evidence of intracranial involvement was 
noted. The patient was placed on intravenous am- 
picillim, 300 mg every six hours. Three days later she 
underwent extensive debridement of the nasophar- 
yngeal lesion, sphenotomy, right external ethmoid- 
ectomy and a right Caldwell-Luc operation. Fol- 
lowing surgery there was slight improvement of her 
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mental status, but no change in cranial nerve palsies 
was noted. Twenty days after the operation she had 
profuse oral bleeding which subsided spontaneous- 
ly. Three days later the patient had a massive, un- 
controllable hemorrhage and cardiorespiratory ar- 
rest. 


AUTOPSY FINDINGS 


The nasopharyngeal mucosa was ulcerated, hem- 
orrhagic and necrotic and demonstrated numerous 
large, broad, nonseptate branching hyphae on 
microscopic examination. The underlying muscular 
wall was also necrotic and invaded by fungus. The 
right infratemporal region showed extensive ede- 
ma, necrosis and congestion. Microscopic exemina- 
tion demonstrated widespread granulomatcus in- 
flammation and necrosis, and the presence of 
fungus. There was no evidence of meningitis. Cra- 
nial nerves V, VII and VIII on the right side were 
markedly edematous. Microscopic examination 
showed granulomatous lesions and fungus in cranial 
nerve V. There was a recent infarct in the right 
parietal lobe of the brain and a thrombosed menin- 
geal artery with no granulomatous reaction or 
fungi. 


TEMPORAL BONE FINDINGS. 


Right. There was widespread fungal involvement 
with large necrotic areas and focal granulomatous 
lesions with epithelioid cells and multinucleated 
giant cells. Large, nonseptate hyphae were easily 
demonstrated in certain locations within the inner 
and middle ear, as well as in blood vessels and nerve 
tissue (Figs. 1 and 2). 


A large necrotic inflammatory mass was present 
in the anterior portion of the temporal bone involv- 
ing the eustachian tube, petrous carotid canal, and 
adjacent trigeminal nerve (Figs. 1 and 2). The pe- 
trous marrow contained irregular foci of granulo- 
matous inflammation. The internal carotid artery 


Fig. 1. Right temporal bone. Note 
inflammation and necrosis involving 
carotid canal (C) and wall of eusta- 
chian tube (E). Facial nerve canal is 
eroded and facial nerve (F) and tym- 
panic nerve (arrow) are necrotic. Scar 
tissue is continuous between middle 
ear and vestibule through annular 
ligament (O, arrow). Note necrosis of 
modiolus of middle cochlear turn (M, 
arrow) and labyrinthitis, with rela- 
tive sparing of basal turn. Note large 
necrotic focus in vestibular nerve with 
compression of cochlear nerve. The 
saccule (S) and utricle (U) are necro- 
tic. (H&E, x6.5) 


wall was necrotic and its lumen was filled with 
masses of hyphae. The vessel wall was ruptured and 
appeared collapsed. The pericarotid tissue was 
necrotic and filled with polymorphonuclear 
leukocytes and hyphae. Inferiorly, the bony septum 
between the carotid canal and the eustachian tube 
was completely resorbed and there was continuity 
of the necrotic inflammatory mass in the two areas 
(Fig. 3). Superior to this region, where the bony 
septum was intact, hyphae were noted within the 
vascular canals of the bone. Extension of the 
anterior inflammatory mass proceeded along the 
greater superficial petrosal nerve and tensor tym- 
pani muscle, involving the geniculate ganglion and 
facial nerve. The latter was necrotic in its entire 
middle ear course to the origin of the chorda tym- 
pani nerve (Figs. 1 and 2). The stapedius muscle 
was also necrotic with hyphae present in the muscle 
and facial nerve throughout its course. The stylo- 
mastoid artery was thrombosed by hyphae. The fa- 
cial nerve was also involved into the internal audi- 
tory canal, the disease extending to the superior ves- 
tibular and a portion of the inferior vestibular 
nerves (Figs. 1 and 2). The cochlear nerve was com- 
pressed by the large inflammatory mass involving 
these structures, but was not directly involved by 
the infection. The more cranial portions of the fa- 
cial and vestibular nerves, within the internal audi- 
tory meatus, demonstrated very early, recent le- 
sions (Fig. 1); hyphae were present. 


The oval window region demonstrated dense scar 
tissue, infiltrated by chronic inflammatory cells. 
The annular ligament, anteriorly, was replaced by 
this scar tissue which was continuous from the mid- 
dle ear into the vestibule. No fungus was seen in this 
region. 

The cochlea demonstrated necrosis of the modi- 
olus in the distal descending basal and middle turns, 
which included the modiolar blood vessels in these 
areas (Figs. 1 and 4). Hyphae were present in nerve 
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fibers and in the vessels extending into the spiral 
bony lamina and interscalar bony septa. Hyphae 
were also present in the perilymph of the scala 
vestibuli of the middle turn. Marked necrosis and 
inflammatory response was evident in the cochlear 
soft tissues of the middle and apical turns. with rel- 
ative sparing of the ascending basal limb. The 
larger cochlear veins demonstrated vasculitis with 
prominent cellular proliferation about the normally 
thin-walled vessels (Fig. 4). 


The vestibular organs were all completely necro- 
tic, with inflammatory cell infiltration. Fungus was 
seen in one submacular vessel of the saccule and a 





Fig. 2. Inflammatory mass pres- 
ent anteriorly (M) with involve- 
ment of tympanic nerve (T) and 
facial nerve (F) in its course hori- 
zontally and into the internal au- 
ditory canal with spread to the su- 
perior vestibular nerve. Note exu- 
date in middle ear. (H&E, x9.75) 


few hyphae were seen in the perilymph space of the 
postereinferior region of the vestibule. 


Jacooson’s nerve was involved superiorly, and 
continued necrotic and invaded by fungus all the 
way tc the glossopharyngeal ganglia within the 
cranial opening of the cochlear aqueduct. 


The endolymphatic duct system demonstrated 
necross of its sinus with flat, atrophic epithelium 
lining the isthmus and rugal portions of the sac. The 
vein im the paravestibular canaliculus appeared 
somewnat smaller than usual, but was otherwise 
unremarkable. 


Fig. 3. Petrous carotid canal. Note col- 
lapse and rupture of arterial wall (R). 
Arrows outline collapsed arterial wall. 
Lumen is filled with masses of hyphae 
(insert). At Ka note erosion of bone of 


carotid canal by inflammatory mass. 
(H&E, x21) 





The middle ear contained foci of fibrinopurulent 
exudate with early granulation tissue formation. No 
fungus could be demonstrated in the middle ear 
save for those within the muscles and nerves. The 
tympanic membrane was intact. 


Left. Granulomatous inflammation was present 
in the petrous marrow in the inferiormost portion of 
the specimen. No fungus could be demonstrated. 
The cochlea revealed decreased spiral ganglion cells 
in the proximal basal turn, as well as considerable 
lipochrome pigment in the stria vascularis of the de- 
scending basal, middle and apical turns. There was 
focal strial atrophy throughout the cochlea. 


DISCUSSION 


Mucormycosis was first described by Paltauf* in 
1885 and initially reported in the American litera- 
ture by Gregory et alí in 1943. The disease is caused 
by fungi of the Rhizopus and Mucor species, which 
belong to the class Phycomycetes. Absidia hes also 
been implicated.” These organisms, characterized 
by large, branching nonseptate hyphae, are fre- 
quently found in soil, dust, manure and decaying 
organic material. They have also been cu-tured 
from the respiratory and digestive tracts of asymp- 
tomatic individuals.* Under favorable conditions, 
usually related to debilitating illness, phycomycetes 
may become pathogenic. Uncontrolled diabetes 
mellitus remains the most commonly associated en- 
tity. In addition to the head and neck, the _ungs, 
skin, heart and gastrointestinal tract may be 
separately involved. A disseminated form of the dis- 
ease also exists.” Diagnosis is readily made by biop- 
sy, although culture in Sabouraud media is needed 
for species identification. Treatment is based on 
control of the underlying metabolic imbalance, de- 


Fig. 4. High power view of middle 
turn demonstrating severe labyrinthitis 
associated with vasculitis and necrosis of 
modiolar elements. (H&E, x45) 


bridement or excision of the lesion, and intravenous 
amphotericin B. Prognosis is guarded. 


Mucormycosis involvement of the ear was initial- 
ly described by Huckel'® in 1886. In modern times, 
reports of ear pain, drainage and facial nerve paral- 
ysis developing during the course of the disease have 
periodically appeared in the literature™*?-?! How- 
ever, confirmation of Mucor infection of the tem- 
poral bone has been reported in only four fatal 
cases??!2'7 and in one survivor.? Temporal bones 
were studied in two of these cases. 


‘ Schuknecht’ briefly cited, and McGill? reported 
on the temporal bone findings in a 38-year-old dia- 
betic male with rhinocerebral mucormycosis who 
died of rupture of the internal carotid artery. This 
patient exhibited predominant involvement of the 
nasopharynx and presented with multiple cranial 
nerve palsies. Both ears were involved. The tym- 
panic cavities and mastoids were filled with hemor- 
rhagic fluid and desquamated epithelial cells. The 
tensor tympani muscles and petrous marrow were 
infiltrated by lymphocytes, plasma cells and multi- 
nucleated cells. New bone formation was present in 
the right carotid canal, while the left carotid canal 
was partially destroyed. The labyrinth was unaf- 
fected. 


Meyerhoff et al? recently described a case of mu- 
cormycosis in a 48-year-old male with acute myelo- 
genous leukemia. Death was attributed to meningo- 
encephalitis, and fungal infection was not identi- 
fied until autopsy. Temporal bone sections (side un- 
specified) revealed Mucor hyphae in the middle ear, 
internal auditory canal, cochlea and vestibule. Hy- 
phae appeared to have invaded the inner ear through 
the oval window annulus and round window mem- 
brane. A serous precipitate was present in the en- 
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dolymphatic and perilymphatic spaces of the coch- 
lea and semicircular canals. 


The present case demonstrated massive, wide- 
spread mucormycosis of the temporal bone. Infec- 
tion originated in the nasopharynx and extended 
along the wall of the eustachian tube and fibers of 
the tensor tympani muscle. It also extended along 
the sphenoid bone into the base of the skull involv- 
ing the petrous marrow. From the eustachian tube 
and tensor tympani muscle, the infection progressed 
into the anterior wall of the middle ear. The inter- 
nal carotid artery appears to have been invaded at 
this level following breakdown of the bony wall sep- 
arating it from the eustachian tube. From this area 
infection proceeded along the greater superficial 
petrosal nerve and the geniculate ganglion, with 
distal spread along the fallopian canal. Infection 
along the facial nerve also extended into the inter- 
nal auditory canal. Additional spread through the 
annular ligament of the oval window into the vesti- 
bule was also noted. Extension from the middle ear 
into the internal auditory canal is most likely be- 
cause the inflammatory lesions within this canal are 
progressively more recent in the cranial direction. 
The scar tissue in the oval window and vestibule, 
continuous through the annular ligament region, 
also represents an older process. The rest of the mid- 
dle ear and mastoid demonstrated the changes of an 
acute fibrinopurulent otitis media, less severe in the 
mastoid. No hyphae were seen within these spaces, 
so that the fungus appeared to be confined to nerve 
and muscle compartments within the middle ear 
wall. 


Cochlear mucormycosis resulted predominantly 
from fungal invasion of the modiolar arteries with 
necrosis of the modiolus in the middle and apical 
turns, and spread of the fungi into the scala vestib- 
uli of the middle turn. Notably less involvement of 


the-proximal basal turn may be explained by fungus 
theemboses of the distal, smaller caliber modiolar 
vesse s. The vestibular organs were similarly com- 
promised by fungal invasion of vessels, as well as by 
spread of infection from the inflammatory mass 
wzain the internal auditory canal. The entire laby- 
rira also suffered ischemic changes due to the 
wr>pread vascular involvement. 


Th: internal carotid artery findings are interest- 
ing r that the thrombus consisted of fungus with no 
blc cd elements evident so that the rupture noted at 
ths level did not result in fatal bleeding, probably 
beeeuse of proximal thrombosis. Postmortem iden- 
tifzation of the vessel responsible for the terminal 
hemp-rhage was difficult because of the extensive 
nee m-is in the infratemporal space. 


“he neural involvement by Mucor in this case is 
strder g, suggesting that the fungus, in addition to 
its amity for vessel walls, may also have an affinity 
for spread along nerve fibers. To our knowledge, 
thi: "yoe of neural extension has not been previously 
des-ijed in otitic mucormycosis. Recently, how- 
eve-. »fcGill’ reported similar findings in a case of 
aspe gillosis involving the temporal bone. 


$c conclude, involvement of the temporal bone 
by mucormycosis may occur via three major routes. 
In Fe first, preceding chronic otitis media favors 
sup2mimposed fungus infection. This represents pri- 
mary mucormycosis and may remain restricted to 
the widdle ear and mastoid. An example of this type 
has be2n described by Bergstrom et al.”! The sec- 
ond >: meningeal route, follows intracranial exten- 
siom aad invasion through the internal auditory 
can_L [his is exemplified by Meyerhoff et al’s case.? 
Finely, the third route of invasion originates from 
the tasopharynx and extends along the eustachian 
tube ¿rd tensor tympani muscle. This is exemplified 
by Mi-Gill’s case? and by the present case. 
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ACUTE MORPHOLOGICAL CHANGES IN GUINEA PIG COCHLEA 
FOLLOWING ELECTRICAL STIMULATION 


A PRELIMINARY SCANNING ELECTRON MICROSCOPE STUDY 


LARRY G. DUCKERT, MD, PhD JOSEF M. MILLER, PhD 


SEATTLE, WASHINGTON 


A major area of concern in the development of the cochlear prosthesis invo'ves the effects of the implant on inner ear anatomy and 
function. This study examined one aspect of host-implant interaction — the effects of cochlear implantation with and without electrical 
stimulation on cochlear morphology in the guinea pig. To accomplish this, a sers of normal guinea pigs were acutely implanted bilateral- 
ly with a scala tympani multiple electrode prosthesis. One ear was stimulated wtth continuous 1 kHz sinusoidal current of constant intensi- 
ty for a period of three hours. The contralateral control ear was not stimulated. Carrent intensities tested ranged from 0.1 mA to 1 mArms. 
After stimulation the animals were sacrificed, perfused with fixative and the temy=ral bones were microdissected for examination using the 
scanning electron microscope. Morphological changes observed in the stimulatec ear ranged from hair cell and supporting cell degenera- 
tion to complete destruction of the basilar membraneand organ of Corti overlying the electrode. These changes occurred at current intensi- 
ties ranging from 0.4 mA to 1 mA and were conspicuously absent in the implarted but unstimulated control ears. The current intensities 
employed in this experiment were within operating ranges presently used in lon -erm behavioral studies in other animal models. To what 
degree the morphological changes observed in this study may effect the functions the prosthesis or host responses on a long-term basis can- 
not be determined from this experiment. However, our observations do demonstrate that electrical stimulation of the cochlea is not benign 
and point out the need for further evaluation to help define safe standards for ase of the prosthesis. 


The development of a cochlear prosthesis to reha- LITERATURE REVIEW 
bilitate the patient with sensorineural deafness has 
stimulated considerable interest within the scientif- 
ic community and has generated numerous chal- 
lenging problems. The introduction of an artificial 
device into the cochlea for the purpose of direct 


The question of whether the cochlea can survive 
long-serm implantation has been approached by a 
number of investigators using conventional histo- 
logicel techniques in animal models. 


electrical stimulation of the auditory system raises Usiag light histopathology techniques Schindler 
many questions regarding the effects of such im- and Merzenich* demonstrated destructive changes 
plantation on preexisting temporal bone morpholo- involving the organ of Corti in cats implanted with 
gy. One major concern must be the development of scala “rmpani electrodes within weeks. Severe de- 
a prosthetic device that will produce minimal addi- structicn of the organ of Corti and loss of hair cells 
tional damage to cochlear sensory and neural com- and supporting elements was observed in the section 
ponents and thus not further compromise cochlear of the basilar partition overlying the electrode. In a 


function and limit the usefulness of the prosthetic 


device. 


Concerns include: mechanical trauma caused at 
surgery, host reaction to the foreign body, and ef- 
fects of electrical current. While it is more or less 
apparent that the traumatic placement of a coch- 
lear prosthesis may produce degenerative changes 
within the temporal bone, pathology consequent to 
electrical stimulation is somewhat less obvious and 
certainly less well understood. The significance of 
this problem has been discussed in the literature,'~? 
yet published data addressing this problem is scant. 


The purpose of this investigation was to assess the 
effects of acute cochlear implantation and electrical 
stimulation on the guinea pig cochlea using the 
scanning electron microscope. The goal has been to 
help identify factors which could affect develop- 





Fic. 1. Multiple electrode cochlear prosthesis for scala 
ment of the prosthesis and standards for its use. tymrani implantation. (x16) 


From the University of Washington, School of Medicine, Department of Otolaryngc czy, Seattle. Funded in part by NIH Grant NS 13056-03. 
REPRINTS — Larry G. Duckert, MD, PhD, University ef Washington, School of Med22re, Department of Otolaryngology, RL-30, Seattle, WA 98199. 


33 


34 DUCKERT-MILLER 


} 


' ` mm 
a Py kj XAR E 
rid ie l wt 





later study in cats, Schindler and Schindler et al‘ 
confirmed these earlier findings and added that 
neural degeneration was seen only in areas of basi- 
lar membrane rupture and loss of supporting ele- 
ments in the organ of Corti. Significant ganglion 
cell survival after implantation in cats was also re- 
ported by Simmons.” Neural degeneration did oc- 
cur, however, related to surgical trauma, tears in 
the basilar membrane and infection. 


Using monkeys as the experimental model and 
scala tympani implants, Sutton et alë and Miller 
and Sutton’ described morphological changes in the 
cochlea following implantation including ruptures 
in the basilar membrane, fractures of the osseous 
spiral lamina, osteoneogenesis and loss of spiral 
ganglion cells. 


Histopathological observations also have recently 
been reported from one human implanted with 
chronic scala tympani electrodes.'® Neural degener- 
ation was the most striking finding as well as bony 
overgrowth in these specimens. Based on these 
studies, it has been suggested that the cat mav have 


Fig. 2. Guinea pig cochlea. A) With pros- 
thesis (arrow) intact in round window before 
dissection. B) After dissection. (x15) 


a robust cochlea which tolerates insults associated 
with the scala tympani prosthesis better than the 
primate or human. 


In general while some effects of cochlear implan- 
tation of cochlear morphology have been reported, 
the data are limited and in some areas conflicting. 
Moreover, in these studies it is not possible to 
separate the morphological effects resulting from 
electrical stimulation versus the trauma of surgery 
and foreign body reaction. It is in this area spe- 
cifically that this study will contribute to our basic 
knowledge. 


METHODS 


The animal model for the experiment was the guinea pig. 
Twelve young (200-250 g body weight) healthy animals were 
used. Each was evaluated for the presence of a Preyer’s reflex. At 
the time of surgery the external and middle ear was examined for 
signs of present or past infection. If any indication of nonnormal 
auditory function was observed, the subject was eliminated from 
the investigation. The animals were anesthetized with a combina- 
tion of xylozine and ketamine and the bulla opened via a post- 
auricular incision. The round window was exposed and the round 
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window membrane incised. The multiple electrode system de- 
signed after Michelson'' was then implanted into the scala tym- 
pani’? bilaterally in all animals. The electrode consists of three to 
faur platinum-iridium wires terminating in ball tips protruding 
from a molded silicon rubber matrix. The electrodes are staggered 
at 1 mm distances along the implant (Fig. 1). Implant diameter 
occupied approximately 50 % of the scala tympani. 


The electrodes were held in płace with a carboxylate cement 
until sacrifice. One ear of each animal was stimulated with con- 
tinuous 1 kHz sinusoidal current of constant intensity for a period 
of three hours. The contralateral eontrol ear was not stimulated. 
Current intensities tested ranged from 0.1 mA rms. After stim- 
ulation, the animals were sacrificed and the tissue fixed by in- 
tracardiac perfusion using 2.5% phosphate-buffered gluteral- 
dehyde followed by postfixation fer one hour in 1% esmium tet- 
roxide. The temporal bones were removed with the prosthesis in- 
taet and the bone overlying the basal turn in proximity to the im- 





Fig. 3. A) Scanning electron micrograph 
of guinea pig cochlea stimulated for three 
hours at 0.500 mA current intensity. The 
bracketed area demonstrates an area of 
destruction in organ of Corti and basilar 
membrane overlying the electrically stim- 
ulated electrode. (x16) B) Higher magnifi- 
cation photomicrograph of bracketed area 
showing the scala tympani electrode (E) 
through defect in organ of Corti. OH - Outer 
hair cells. (x160) 


plant wa: removed with a diamond burr (Fig. 2A, B). After mi- 
crodissec-ion, the tissue was prepared for observation with scan- 
ning lsc ron microscope. The specimens were dehydrated in an 
etharo series and critical point dried using CO,.'* The tissue was 
mourted on aluminum stubs using carbon suspension and gold 
coated p ior to examination with the scanning electron micro- 
scope (2"EC B1). 


RESULTS 


Mor} hological changes involving the organ of 
Corti were found in the ears stimulated at current 
intenstes ranging from 0.4 mA to 1 mA. Morpho- 
logical alteration was not seen in ears stimulated at 
current intensities below 0.4 mA. The most drama- 
tie fircings were destructive lesions in the basal 
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turn overlying the stimulated scala tympani elec- 
trodes. In some specimens the sensory cells, sup- 
porting cells and basilar membrane were complete- 
ly destroyed and the electrodes were visible through 
the defect (Fig. 3A, B). In other stimulated ears the 
lesions consisted of a well-defined region of necrosis 
where hair cell and supporting cells were reduced to 
an amorphous debris (Fig. 4A, B). Adjacent to the 
areas of complete destruction, the organ of Corti 
was frequently collapsed and the outer rows of hair 
cells were disorganized. Degenerative changes in- 
volving both the outer hair and supporting cells 
were observed. The outer hair cell stereocilia were 
blunted and fused and bleb formation was present 


Fig. 4. A) Scanning electron photomicrograph of 
guinea pig cochlea stimulated for three hours at 1 
mA current intensity. The bracketed area demon- 
strates the region of the organ of Corti destroyed by 
electrical stimulation. (x16) B) Higher magnifica- 
tion photomicrograph of bracketed area TOn 
destruction of normal cochlear anatomy. (x175) 


(Fig. 5A). In some areas the apical surfaces of the 
degenerating hair cells appeared granular and the 
stereocilia collapsed (Fig. 6A). The Deiter cell 
phalangeal processes were also distorted and 
disorganized. “Ballooning” of the cell surface was 
frequently observed (Fig. 6A). In contrast to the 
outer hair cells, the inner hair cells appeared to be 
intact. 


The degenerative changes were limited to the 
basal turn sparing the more apical turns (Fig. 7). 
Examination of the unstimulated but implanted 
control ears demonstrated no degenerative lesions 
and normal anatomy preserved throughout (Figs. 
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5B and 6B). Shrinkage artifacts including cracks 
and fissures within the organ of Corti were fre- 
quently present in the basal turns of both the con- 
trol and stimulated ears and were easily differen- 
tiated from premortum changes. 


DISCUSSION 


Morphological changes observed in the stimu- 
lated ears ranged from complete destruction of the 
organ of Corti and basilar membrane to lesser de- 
generative changes within the organ of Corti at cur- 
rent intensities ranging from 1.0 mA down to 0.4 
mA rms. While it is clear that the lesions resulted 
from electrical stimulation, the exact mechanism by 
which the changes occur is unknown. Similar de- 





Fig. 5. A) Organ of Corti in close proximi- 
ty to the destructive lesion. The organ of 
Corti is collapsed. Degenerating outer hair 
cells show bleb formation (asterisk) and fu- 
sion of stereocilia (arrows). (x4,400) B) Outer 
hair cells from implanted but unstimulated 
control ear. Hair cell integrity is preserved. 
(x1,750) 


struc we changes in the cochlear sensory cells, in- 
cludimg cellular disruption, degeneration of micro- 
villi and nuclear damage, have been observed by 
other nvestigators using similar current intensities 
(0.5 mA)."4 


The charge density at the threshold of damage 
(0.4 nA rms) based on the geometric surface area of 
the electrode used in this study is 214.8 
»C’cn’/phase. Based on calculations from Spelman 
et al 5 the threshold for gas production at this ex- 
perimental electrode is estimated at 0.56 mA rms 
(300 7 w«C/cm?/phase). It seems likely therefore that 
a sigificant amount of the destructive changes ob- 
servec at the higher current intensities were a result 
of ges formation. Certainly the pattern and severity 
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of destruction observed in this study suggests that 
the lytic lesions of the organ of Corti were secon- 
dary to direct mechanical insult rather than some 
subtle chemical or metabolic event. Direct thermal 
agitation also remains a potential destructive pro- 
cess. It should be emphasized that great care was 
taken to insure that no direct current component 
was present during stimulation. 


The same destructive event may occur to a lesser 
degree in the remaining areas of the basal turn re- 
sulting in the observed cellular degeneration. De- 
generative changes in hair cells including fusion of 
the stereocilia and bleb formation has been ob- 





Fig. 6. A) Organ of Corti in close proximi- 
ty to a destructive lesion overlying stimulated 
electrode. The phalangeal processes of the 
Deiter cells appear “ballooned” (asterisk), in 
other areas silane. The apical surface of 
the degenerating outer hair cells appear 
granular. (x2,200) B) Organ of Corti axa 
implanted but unstimulated control ear 
showing normal anatomy. (x855) 


served as a result of acoustic exposure.'®'® It has 
been suggested that these changes may constitute a 
nonspecific reaction to a variety of noxious in- 
fluences.'®'? It is apparent that the degenerative 
changes were not limited to the sensory cells alone 
but also involved the adjacent supporting cells in- 
cluding the Deiter and pillar cells. This also suggests 
that the noxious event was nonspecific. 


It must be pointed out that the degenerative 
changes observed in these cells could be confused 
with ischemic changes and fixation artifact induced 
during tissue preparation. This seems unlikely, 
however, since the changes were distributed in 
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proximity to the electrode while the more apical 
portions of the cochlea were spared. Good tissue 
preservation was also evidenced in the control ears, 
suggesting that the changes observed represent 
premortum degenerative changes and autolysis. 
The sparing of the inner hair cells in contrast to the 
degeneration of the supporting cells which are nor- 
mally more resistent to ischemic changes also sup- 
ports this conclusion. 


Other potential explanations for the observed de- 
generative changes include exposure to cytotoxic 
products of electrolysis, chemical changes in the en- 
dolymph or perilymph, or cross-contamination of 
the inner ear fluids resulting from breakdown of the 
physiological barriers?’ adjacent to the electrode. It 
would appear unlikely that vascular compromise or 
disruption of the normal cochlear microcirculation 
as a result of implantation alone, at least on the 
acute basis, is responsible for the observed changes 
since the implant was small and the implanted but 
unstimulated control ears were without morpholog- 
ieal alteration. 


While the lesions were consistently produced 
after the 0.4 mA threshold was surpassed. poor cor- 
relation was found between current intensity above 
the threshold value and the amount of cochlear 
damage observed. The expected monotonic rela- 
tionship between current intensity and cochlear 
damage certainly was not found. It can be conjec- 
tured that such a relationship between current in- 
tensity and morphological alteration did not appear 
to exist due to uncontrolled variations in the tissue 
to electrode interaction. Although it was endea- 
vored to consistently place the electrode in direct 
apposition to the basilar membrane, differences in 
electrode orientation were unavoidable and could 
have contributed to the inconsistency observed. It is 
also possible that early degenerative changes pro- 





Fig. 7. Outer rows of hair cells from apical 
turn of pathologically altered, electrically 
stimulated cochlea showing normal 
anatomy. (x16,600) 


ducee by lower current intensities occurred in 
deeper tissue levels not subject to scrutiny with the 
scarring electron microscope. 


For electrode measurements obtained at this lab- 
oratory the calculated threshold of damage at 214.8 
uC om?/phase (geometric surface area) can be con- 
verted to 70 4C/cm?/phase based on actual surface 
area. This value may be compared to a threshold 
value of 40 pC/cm?/phase for chronic stimulation 
whica produced changes in brainstem evoked re- 
spomses and subsequent histopathological changes.?' 
These changes occurred after “hundreds of hours” 
of continuous stimulation. The current values de- 
termed in this study to produce damage after 
chronic stimulation overlap those intermittent stim- 
uli applied to behaviorly trained primates.?? Charge 
densrr values based on geometric surface areas of 
50 »«Ccm?/phase have been used in humans.” It is 
to be noted that in these behavioral investigations 
intermittent stimuli are used. The biological effect 
of medifying the parameters of duration, intermit- 
teney, and intensity of stimulus is not known. Gen- 
eralization of results from this preliminary study is 
diffiadt. The results make it clear that significant 
haraful effects are possible. With appropriate sys- 
tematic controlled study, these effects can be better 
defired and results more readily applied to man ob- 
taimed. 

In sımmary, the results of this study serve to 
point out the potentially destructive nature of the 
electnically stimulated prosthesis. The morpholog- 
ical dxanges may have serious implications regard- 
ing \eng-term host response and electrode function. 
The sults demonstrate the need for further evalua- 
tion cf the cochlear prosthesis implanted for chronic 
periods of time with and without electrical stimula- 
tion t more fully assess the feasibility of this reha- 
bilitative device. 
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INTRACRANIAL COMPLICATIONS OF SINUSITIS IN CHILDREN 
A SEQUELA OF PERIAPICAL ABSCESS 
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WASHINGTON, DC 


The cases of two children with periapical abscess in the upper incisors, simasitis, and intracranial abscess are described. The ethmoid 
and maxillary sinuses were involved in both patients. Subdural empyema occu=d in both, and one of the children had also cerebritis and 
brain abscess. Anaerobic bacteria were isolated from the infected sutel:ral empyemas. Peptostreptococcus intermedius and 
microaerophilic streptococci were recovered in one patient and Fusobacteriw: sp in the other. Surgical drainage and appropriate an- 
timicrobial therapy resulted in complete eradication of the infection in boch patients. The role of anaerobic bacteria and the therapy 
directed against them in periapical abscess and the sinusitis and intracranial #sscess which follow are discussed. 


INTRODUCTION 


An alveolar abscess is the extension of a necrotic 
or putrescent pulp into the periapical area, causing 
necrosis of bone and tissue in the affectec area with 
the accumulation of pus. As the abscess progresses, 
more tissue may be involved, including adjacent 
teeth, and the pressure of accumulated pus may 
produce a sinus tract to the exterior or to the oral or 
nasal cavity.’ 


Serious complications from periapical! infections 
are relatively rare, considering the number of in- 
fected teeth that occur in the population. However, 
in some cases the infection spreads to tissues in other 
portions of the oral cavity, causing submandibular 
or superficial sublingual abscesses. Abscesses may 
be produced also in the submaxillary triangle or in 
the parapharyngeal or submasseteric space.’ 


In the maxilla, periapical infection may affect 
only the soft tissues of the face. It may also extend to 
the infratemporal space including the sinuses and 
from there to the central nervous system where it 
can cause serious complications such as subdural 
empyema, brain abscess or meningitis.* 


This report describes two children with intra- 
cranial complication of periapical abscess in the up- 
per incisors. The infection spread to the central ner- 
vous system through the maxillary anc frontal si- 
nuses. The purpose of this report is to alert physi- 
cians and dentists to the rare occurrence of this 
complication even in the antibiotic era. 


METHODS 


Material for culture was obtained aseptically from the infected 
sites, after the adjacent mucous membrane was swabbed with 
Betadine®, or through direct aspirate of the invalved sinuses or 
subdural space during surgery. Specimens were transported im- 
mediately to the microbiology laboratory using a syringe and 
corked needle and were plated within 30 minutes of collection. 
Gram stain preparations were made of all specimens. 
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Sac blood, chocolate, and MacConkey’s agar plates were in- 
ocu æd for aerobes. The plates were incubated at 37 C aero- 
bically MacConkey’s) or under 5% CO,, and examined at 24 and 
48 hours. For anaerobes, the material was plated onto prereduced 
vitamy=-K,-enriched Brucella blood agar, an anaerobic blood 
agar Flite containing kanamycin and vancomycin, and anaerobic 
blooď plate containing phenylethyl alcohol and placed into 
enriched thioglycolate broth (containing hemin, sodium bicarbo- 
nate awd vitamin K,).* The plates were incubated in GasPak® jars 
(BBL. Cockeysville, Md) and examined at 48 and 96 hours. The 
thieg #eolate broth was incubated in anaerobic conditions for 14 
days. Anaerobes were identified by techniques previously de- 
scribe:i * Aerobic bacteria were identified using conventional 


methneds.$ 
CASE REPORTS 


Case I. A six-year-old male presented with a 
fromal headache, fever, nasal congestion, and 
swe_img under his left eye of three days’ duration. 
Twe weeks earlier he had broken his left upper in- 
cisor. Two days prior to admission, he was seen at 
the Dutpatient Department, where skull and sinus 
films revealed opacifications of the left ethmoid and 
left maxillary sinuses. Oral ampicillin therapy was 
started but this condition did not improve. 


Poysical examination on admission revealed an 
enlerzement of the left cervical and left submandib- 
ulæ -ymph nodes and marked cellulitis, with swell- 
ing and purple discoloration of the left maxillary 
ares which extended to the upper lid. The patient 
hae a clear mucoid discharge from his left nostril. 
An -abscess was noted in the root of the left upper in- 
ciser. 


Laboratory findings were Hgb 12.3 g/dl, Het 
36.~% , WBC 20,000/mm? (segments 72, bands 1, 
lym—shocytes 18, mononuclears 9), platelet count 
nomtal, ESR 45 mm/first hour, and blood cultures 
nec-ive. Sinus x-rays showed marked density of the 
left ethmoid and maxillary sinuses and an abscess in 
the -oot of the right upper incisor. Bone scan 
shesed increased uptake in the left ethmoid and 
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maxillary sinuses, suggesting osteomyelitis. A com- 
puterized tomography (CT) scan confirmed these 
findings and showed evidence of subdural em- 
pyema. 


A Caldwell-Luc procedure, ethmoid drainage, 
and frontal craniotomy were performed. Frank pus 
was obtained from the sinus as well as the subdural 
space. A direct extension of the inflammation 
through the cribriform plate was evident during 
surgery. The dental abscess was drained and the af- 
fected incisor was extracted. Gram stain of the left 
ethmoid sinus and subdural empyema aspirates 
showed Gram-positive cocci in chains, and the cul- 
ture of the subdural aspirate yielded Peptostrepto- 
coccus intermedius and microaerophilic streptococ- 
ci. The patient was started on an eight-day course 
of IV therapy with ampicillin (150 mg/kg/day) and 
oxacillin (150 mg/kg/day). The facial swelling de- 
creased slowly and there was a slow resolution of 
the sinusitis. The patient was discharged and oral 
ampicillin therapy was continued for 14 days. One 
year follow-up in the ENT and dental clinics 
showed complete resolution of the sinusitis and den- 
tal abscess. 


Case 2. A seven-year-old male presented with 
localized pain over the left forehead of two weeks’ 
duration. Three weeks prior to his admissicn, he 
began to complain of pain in his right upper incisor, 
and a temporary filling was done at this tooth. 
Three days before admission his temperature rose to 
38.2 C, and the following day he started to receive 
oral erythromycin therapy. However, the chi`d be- 
came restless, combative, and uncooperative. His 
headaches continued to be throbbing, he started to 
vomit, and he developed bilateral periorbital cellu- 
litis. 

On admission the patient was found to be irrita- 
ble, restless, uncooperative, and disoriented. His 
temperature was 38.1 C, pulse 84, and respiration 
28/min. Physical and neurological examination were 
normal, except for bilateral periorbital cellulitis 
and periapical abscess in the right upper incisor. 
Laboratory findings were Hgb 12/g/dl, Het 35.5%, 
WBC 21,500/mm? (10 bands, 80 segments, 9 mono- 
nuclears, 1 lymphocytes) and ESR 59 mm/first 
hour. Blood cultures were negative and CT scan 
was normal. Sinus x-rays revealed right maxillary 
and ethmoid sinusitis. Lumbar puncture showed 15 
WBC/cu mm; 8 of the cells were lymphocytes and 7 
segments. The protein was 63 mg/dl and glucose 59 
mg/dl. The periapical abscess was drained, and the 
cultures obtained from that sample grew Bacter- 
oides melaninogenicus, Bacteroides bivius, Fuso- 
bacterium sp, and Veillonella parvula. 


The patient was started on parenteral therapy 
with chloramphenicol and methicillin. During the 
first four days of his hospitalization his condition 
gradually deteriorated. His temperature spiked to 
39 C and he became more delirious and combative. 


On the fifth day, bilateral papilledema and a slug- 
gish left pupil developed. He was started on paren- 
teral mannitol for the treatment of brain edema. 
Repeat CT scan on the seventh day showed a shift of 
the midline to the right and an increased flow in the 
left parietal area, consistent with cerebritis. Repeat 
brain scans showed continued evidence of cerebri- 
tis. He remained febrile after seven days of therapy 
and his condition did not improve. At that time me- 
tronidazole was added to the therapy. Repeat CT 
scan 16 days after admission showed formation of a 
walled abscess. 


Surgical drainage was carried out, and a large 
purulent subdural effusion over the left frontal area 
and a smoldering cerebritis were found. About 30 
cc of purulent fluid were removed, and cultures of 
that material grew Fusobacterium sp. Following 
surgery, the patient’s condition and mental status 
slowly improved. The patient was discharged from 
the hospital after 37 days, which included 30 days 
of antimicrobial therapy. He was followed in the 
neurology clinic for one year, and showed complete 
cure of the infection, and no neurological sequelae. 


DISCUSSION 


We have described two children with intra- 
cranial abscess following periapical abscess of the 
upper incisor teeth. Both patients presented with 
frontal headache and maxillary and ethmoid sinus- 
itis. CT scan was instrumental in the early diagnosis 
of the intracranial infection and the ability of CT 
scan to detect the transformation of cerebritis into a 
brain abscess was demonstrated in the second child. 
The bacteria recovered from the patients’ abscesses 
were only anaerobic. However, since both received 
antimicrobial therapy prior to sample collection, 
other organisms, including aerobes, could have 
been eliminated. 


Aerobic bacteria are usually recovered from in- 
flamed pulp and root canal. These include Strep- 
tococcus salivarius, Streptococcus faecalis, and 
Gram-negative rods.” A number of studies of the 
bacteriology of root canals have been done in which 
anaerobes have been detected.*? However, the quali- 
ty of these studies varies considerably and the anae- 
robic techniques are generally not optimal. A varie- 
ty of anaerobes have been isolated in these past 
studies, accounting for 25 to 30% of the root canal 
isolates. These include anaerobic streptococci, Bac- 
teroides sp, Propionibacterium sp, Veillonella sp, 
and others.’ 


Anaerobes were isolated from cases of periodon- 
tal abscesses. Gilmer and Moody’ inoculated 
aspirates from acute and chronic alveolar abscesses 
and found that aerobic streptococci predominated 
but fusiform bacilli were found in some abscesses, 
sometimes in pure culture. In three abscesses, these 
workers found a slow-growing, black, pigment-pro- 
ducing anaerobic organism. More recent studies? 
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reported the isolation of a variety of anaerobes in 
periodontal abscess. These included anaerobic coc- 
ci. anaerobic Gram-negative bacilli, and anaerobic 
Gram-positive bacilli. 


We have also found anaerobic organisms to be 
the predominant isolate in periodontal abscesses in 
children, outnumbering aerobes eight to one.'® The 
recovery of anaerobes in periapical abscess is of 
importance because of the association of anaerobes 
with many serious infections arising from dental 
foci. These include bacteremia, endocarditis, sinus- 
itis, meningitis, subdural empyema, brain abscess, 
and pulmonary empyema.’ 


Intracranial suppuration following tooth extrac- 
tion or dental infection is an uncommon but ex- 
tremely serious complication.*:'! Most intracranial 
infections of buccodental origin result in cavernous 
sinus thrombosis, at times associated with brain ab- 
scess,?? or subdural empyema.*'* Isolated brain 
abscesses occur much less frequently, and subdural 
empyema of odontogenic origin is rare. 


In 1945 Haymaker™ presented 28 fatal cases of 
central nervous system infections which occurred 
following tooth extraction. This series included 
eight cases of brain abscess and three cases of sub- 
dural empyema. He pointed out that infections of 
the molar teeth are more likely to cause intracranial 
complications because pus arising in the back of the 
jaw tends to collect between the muscles of mastica- 
tion and spread upward in the fascia! planes, 
whereas infection arising in the front of the jaw has 


free azeess to the oral cavity. Since Haymaker’s 
publscation, additional examples of brain abscess’? 
and sebdural empyema’®'® of odontogenic origin 
have been reported. However, the techniques for 
cultiveton of anaerobic bacteria were usually not 
strict, and thus the number of anaerobic isolates 
were stall. 


Our findings support the role of anaerobes in per- 
iapica abscess, the sinusitis, and the intracranial 
infections that follow. This data warrants the use of 
appropriate antimicrobial coverage for anaerobic 
as wel as aerobic organisms and early surgical 
drainage when indicated. As more centers begin to 
utilize techniques for the detection of anaerobic 
bacterz, the yield of anaerobes in periapical 
abscess and its complications will undoubtedly in- 
crease. 


Mes: of the anaerobic pathogens isolated from 
the ekscesses are sensitive to penicillin. However, 
some strains of B melaninogenicus and Bacteroides 
oralis are resistant to penicillins.'”'* Although these 
organisms were not recovered from our patients, 
other investigators have isolated them.* The 
recowerv of these penicillin-resistant organisms re- 
quires antimicrobial agents such as clindamycin, 
chloramphenicol, carbenicillin, or cefoxitin.’ Al- 
though we wish to emphasize the need for judicious 
selection of antimicrobial agents, it is essential to 
note taat the treatment of periapical abscess may 
requi2 surgical intervention and that surgical 
drainage of these cases is therefore an integral part 
of the management. 
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VESTIBULAR GANGLION OF THE SQUIRREL MONKEY 
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The vestibular ganglia of adult squirrel monkeys (Saimiri sciureus) were studied with the aid of light and electron microscopy. The 
vestibular ganglia are formed by small and large neurons (perikarya). The perikarya’s outermost surface is surrounded by 2-20 lamellae of 
compact myelin. The compact myelin sheath varies its thickness around one perikaryon. The sheath generally thins out in the vicinity of 
the axon hillock. Occasionally, the compact myelin transforms completely into loose myelin for a length of 2-5 u. Two to eight lamellae of 
loose myelin usually face the cytoplasm of the neurons. This myelin arrangement is constant in the majority of the cells examined regardless 
of shape and/or size. Large myelinated perikarya form the majority of the ganglion cells. There are, however, a few neurons that lack a 
true compact myelin sheath. Others are surrounded by very few lamellae of loose myelin. The general morphology of the neurons was 
compared to the available literature on other species. Pcssible variation on the myelination pattern due to fixation differences, and varia- 
tion on perikaryal size due to the angle of cut and irregular shape of the cells are also discussed. 


INTRODUCTION 


The fine structure of the vestibular ganglia has 
been studied in several species, including man,'~? 
primates,’* cats,** and guinea pigs.? The above 
studies, coupled with ultrastructural studies of the 
spiral ganglia®'? have given investigators con- 
troversial opinions about the shape, size, myelina- 
tion and distribution patterns of the vestibular 
ganglion cells. Comparisons between spiral and ves- 
tibular ganglion cells have been made.'? Mainly 
due to the lack of detailed ultrastructural irforma- 
tion, particularly in primates, we have initiated this 
electron microscopic study, in order to ascertain if 
morphological variation exists among the neurons 
within one ganglion of the squirrel monkey. Since 
the variation of the neurons among different species 
could have a functional significance, this report 
provides information about this small primate that 
is extensively used in otological research, and that 
very well fits between some of the species previously 
studied. 


MATERIALS AND METHODS 


The vestibular ganglia of adult squirrel monkeys were fixed 
overnight by immersion with 2% glutaraldehyde in 0.2 M phos- 
phate buffer, pH 7.2-7.4 at 2-5 C. The tissue was subsequently 
postfixed in 1% buffered osmium tetroxide for 1-2 hours, em- 
bedded in Epon 812® and sectioned on a MT2 Porter-Blum ultra- 
microtome. 


Thick sections (1-2 p) of Epon-embedded material were stained 
with 1% toluidine blue and 1% paraphenylenediamine and ex- 
amined under a light microscope. Material fixed in formalde- 
hyde, embedded in celloidin, and stained with hematoxylin and 
eosin was also examined for purposes of orientation. Thin sections 
were doubly stained with uranyl acetate’? and with leac citrate’ 
and examined under a JEM-100 CX electron microscope. 


Values relative to size are given for the cut surface area of the 
neurons instead of their diameter due to the irregularity of cell 
bodies. Serial (2 p) sections were chosen, one every 30 » in order 


to avoid repetitious count. The values shown here for the somal 
surface area were calculated with an Apple II computer through 
a graphic tablet. Average values are given for more than 100 cells. 


For measurement we have chosen axons displaying the very 
smooth and round shape within a bundle. The values for the ax- 
onal diameter were obtained from cross sections in order to elimi- 
nate possible variations due to the angle of cutting. 


RESULTS 


The squirrel monkey vestibular ganglion fre- 
quently shows V-shaped cell arrangement with its 
vertex toward the end-organs and its sides toward 
the brain (Fig. 1). The ganglion is formed by large 
(average 706 yw”) and small (average 537.1 p?) 
neurons (Fig. 2). Capillaries are occasionally seen 
less than 1 u from the neurons and their nerve fibers 
(Fig. 2). The perikarya are generally ovoid and 
have an irregular contour; that is more obvious 
under the electron microscope (Fig. 3). Around the 
perikarya there are many collagen fibers that usual- 
ly locate close to the extracellular coat (glycocalyx) 
of the Schwann cells (Figs. 4 and 5). 


The compact myelin sheath varies its thickness 
around one perikaryon (Figs. 3 and 6). The sheath 
generally thins out in the vicinity of the axon 
hillock. Occasionally, the compact myelin trans- 
forms completely into loose myelin for a length of 
2-5 u (Fig. 7). Two to eight lamellae of loose myelin 
usually face the cytoplasm of the neuron. The 
number of lamellae of compact myelin ranges be- 
tween 2 and 20. This myelin arrangement is found 
in the majority of the cells examined regardless of 
shape and/or size (Figs. 3 and 6). Large myelinated 
perikarya form the majority of the ganglion cells. 
There are, however, about 5% of neurons lacking a 
true compact myelin sheath (Figs. 2, 4, and 5). 
Other neurons are surrounded by a very few lamel- 
lae of loose myelin. The alternating pattern of the 
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Fig. 1. Light micrograph of the 
squirrel monkey vestibular ganglion 
(G). Arrow points toward the brain. 
U - Utricle. Celloidin section 25 p 
thick. (x94) 


Fig. 2. Light micrograph of 2 p 
thick section. Large (L), small (S) and 
unmyelinated Seat neuron. Arrow- 
heads point to capillary near neurons. 
(x467) 


Fig. 3. Large myelinated peri- 
karyon with rak: SeA nucleus (N) 
and axon (A). Arrow points to cyto- 
plasmic finger-like extension and ar- 
rowheads indicate the variation of the 
compact myelin. C - (Capillary. 
(Transmission electron micrograph 


[TEM], x3,446) 
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perikaryal myelin, between loose and compact, 
sometimes proceeds to the axon, where they are 
recognized as Schmidt-Lanterman clefts (Fig. 8). 
These clefts are more frequently seen following the 
first node of Ranvier, which is often preceded by a 
naked axonal segment that can reach up to 20 p in 
length before becoming heavily myelinated with up 
to 60 layers of compact myelin (Fig. 9). 


The perikaryal myelin is formed by Schwann 
cells that sometimes display two nuclei. Ligħt mi- 
croscopic examination of 20-25 y thick sections 
through different focusing planes shows that there 
could be up to four Schwann cells contributing to 
the perikaryal myelin. The Schwann cells have 
many dark mitochondria and usually elliptical nu- 
clei with dispersed heterochromatin (Fig. 7). Some- 
times a nucleolar complex is envisioned. Occasion- 
ally, Schwann cells form extensive invaginations in 
the proximity to the initial axonal segment (Fig. 7). 
Sometimes small myelinated bodies (1-2 » diameter) 
were identified. These bodies are formed by the 
first Schwann cell lamellae (Fig. 10). Frequently 
vesiculated structures are wrapped by the myelin of 
these bodies. Some of these resemble mitochondria 
(Fig. 11). All perikarya have granular cytoplasm 
with abundant polysomes that are formed by rosettes 
of three to six ribosomes (Figs. 10 and 12). The poly- 


Fig. 4. Section of an unmyelinated 
neuron prsima to the axon hillock. 
C - Collagen fibrils. (TEM, x5,600) 


Fig. 5. Higher magnification of un- 
myelinated neuron showing details of 
cytoplasm. Schwann cell external 
coat panne) and collagen fibers (C) 
are located very closely. (TEM, 
x21,540) 


somes, together with free ribosomes and also short 
cisterns of rough endoplasmic reticulum are 
grouped randomly throughout the cytoplasm (Figs. 
3 and 5). Up to five mitochondria per square micron 
can be counted on any given portion of the cell. 
They are approximately 0.25 » in diameter and up 
to 4 u in length. The inner cristae of mitochondria 
are loosely arranged and of a light appearance as 
compared to those in the mitochondria of the 
Schwann cells (Fig. 10). Occasionally the neuronal 
plasmalemma invaginates into the cytoplasm to 
form coated vesicles (Fig. 13). 


There are are several Golgi complexes on each 
cell and, occasionally, a few multivesicular bodies. 
There are numerous dense osmiophilic granules, ap- 
proximately 0.5 » in diameter, surrounded by a 
double membrane and very often located close to 
lipid droplets (Fig. 12). These dense granules, as 
most other organelles, are not preferentially posi- 
tioned within the cytoplasm (Fig. 3) although they 
are occasionally located close to Golgi complexes 
(Figs. 12 and 14). Very few microtubules are seen. 
Contrarily, abundant neurofilaments are located 
proximal to the axon hillock (Fig. 7) where often 
large amounts of polysomes and rough endoplasmic 
reticulum are also observed. 
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The perikaryal nuclei, approximately 10 yw in 
diameter, are void of heterochromatin. They are al- 
most spherical and seldom positioned centrally 
(Fig. 3). The nucleolar complexes are not seen in all 
cells. They are approximately 2 » in diameter and 
they are generally eccentrically positioned within 
the nuclei. Although both constituents of the nucle- 
olar complexes can be seen in the same cells, in most 
cells only the nucleolemma (pars fibrosa) is seen, 
while in other cells mainly the pars amorpha (gran- 
ulosa) predominates (Fig. 14). 


The nerve fibers are heavily or lightly myeli- 
nated. Their diameters range between 2-8 p. Al- 
though the peripheral (toward the vestibule) initial 
segment of the fiber was occasionally wider than 
the central (toward the brain) initial segment, the 
fibers themselves did not show significant variation 
after the first node of Ranvier. In cross section, a 
third type constitutes a small number of unmyeli- 


Fig. 6. Section of a neuron in the 
vicinity of the axon hillock. Arrow- 
heads show a variation in the thick- 
ness of compact myelin. (TEM, 
x3,590) 


Fig. 7. Section at the level of the in- 
itial axonal segment (A) showing ex- 
tensive cytoplasmic invaginations of 
the Schwann cell cytoplasm. Asterisk 
(*) shows the point where the com- 

act myelin figs transformed into 
oose myelin. Note cell coat (arrow- 
head) and heterochromatin in the nu- 
cleus (N). The arrow points to neuro- 
filaments in neuron. (TEM, x9,693) 


natec fiders with a single Schwann cell layer sur- 
rounding them. All nerve fibers have varicosities 
that alternate repeatedly with narrower axonal seg- 
ments (“ig. 8). These varicosities are more numer- 
ous within the limits of the ganglion and they are 
readily seen in freshly fixed preparations viewed 
under the phase microscope. At the varicosities, the 
neurefilaments are less densely packed, and the 
number of mitochondria usually increases. 


The axonal initial segment may or may not be 
myel nated. When the initial segment is myeli- 
natec, the number of myelin sheaths is less than 
that m the regions after the first node of Ranvier. In 
those cells where the initial segment is not myeli- 
natec, there is a single layer of Schwann cell 
cvtoplasm that extends from the soma and wraps 
arouad the axon. Following the first node of Ran- 
vier, there is an increase in the number of myelin 
lame lae. Characteristic of this region are Schmidt- 
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Lanterman clefts. Sometimes, up to six Schmidt- 
Lanterman clefts can be seen per 40 » of axonal 
length. Many electron dense particles are always 
seen between the myelin layers at the clefts (Fig. 
15). The same type of particle also exists in the 
paranodal cytoplasm (Fig. 9). 


DISCUSSION 


As previously reported,”* in the squirrel monkey 
vestibular ganglia there are small and large neurons 
(Fig. 2); however, the majority of the ganglion cells 
are large neurons (Fig. 3). Although small neurons 
with nuclei were seen in all sections, the authors 
consider that classification of these irregularly 
shaped neurons cannot be elucidated with certainty 
until scanning electron microscopic investigation is 
carried out. Through that manner size rather than 
diameter or surface area will be investigated ap- 
propriately. A tangential section through one of the 
large neurons with a peripherally positioned nu- 
cleus may very well be identified as a cell with mor- 
phological characteristics similar to that of the 
neurons of a smaller size. Neuronal size is more ho- 
mogenous in 25 » thick sections where the chance to 
visualize whole cells is greater (Fig. 1). Occasional- 
ly, scattered neurons were observed certain dis- 
tances away from the ganglia proper. Scattered 
neurons have also been reported in the vestibular 
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Fig. 8. Longitudinal section through 
a heavily (H) and a lightly (L) 
myelinated nerve fiber. Notice 
Schmidt-Lanterman cleft between ar- 
rowheads. Varicosity of the nerve is 
indicated by (*). (TEM, x5,888) 
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Fig. 9. High magnification of a 
node of Ranvier. Section across the 
two arrowheads will result in an un- 
myelinated nerve fiber. The arrow 
points to dense particles in the para- 
nodal region as well as the end of the 
compact myelin. (TEM, x16,586) 


ganglia,’ and in the spiral ganglia of other species,’ 
but their functional significance is not known. 


Although we were able to identify heavily or 
lightly myelinated (Fig. 3), and unmyelinated neu- 
rons (Figs. 4 and 5), we are presently unable to cor- 
relate the myelination pattern with cytoplasmic ap- 
pearance of these neurons, ie, granular and fila- 
mentous with myelinated and nonmyelinated peri- 
karya. 


The cytoplasmic organelles of the neurons are 
randomly distributed. Serial thick (1-2 p) sections of 
Epon-embedded materials indicate that cytoplas- 
mic differences among perikarya may result from 
cutting these irregularly shaped cells through dif- 
ferent planes. In these bipolar neurons both nerve 
fibers do not always exit exactly at opposite sides 
from the cytoplasm of the perikarya (Fig. 16). This 
is illustrated by the fact that generally in 1-2 p serial 
sections, only one fiber is cut along with the soma 
(Figs. 2 and 3). In addition, these neurons have 
nuclei that are not always centrally positioned; this 
fact eliminates the possibility of using either the 
nuclei or the nucleolar complexes as a marker for 
measurement when the cells are cut through their 
centers. Moreover, there are more neurofilaments 
in the vicinity of the axon hillock than in the central 
portion of the cells (Fig. 17). Different sectioning 
planes could result in sections with cells of the same 
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type, but with different cytoplasmic appearance 
and myelination patterns. However, our observa- 
tions on the squirrel monkey vestibular ganglia do 
not necessarily emphasize that correlation between 
myelination pattern and cytoplasmic appearance 
exists among the vestibular neurons of other ani- 
mals. In our preparation approximately 5% of the 
vestibular neurons did not have a true myelin 
sheath. They were not preferentially positioned at a 
particular location, and their cytoplasmic appear- 
ance was not different than the other neurons 
within the ganglion (Figs. 2, 4, and 5). In other 
species, approximately 10% of the vestibular neu- 
rons followed the above pattern.’ In the same study 
myelination and cytoplasmic appearance were cor- 
related. 


The granular appearance of the vestibular peri- 
karya (Figs. 4, 5, and 12) is the result of large 
amounts of polysomes, free ribosomes, and short 
cisterns of endoplasmic reticulum that are random- 
ly distributed throughout the somal cytoplasm. 
Mitochondria are also distributed throughout the 
cytoplasm in a random manner. The large number 
of mitochondria and the ribosomal machinery attest 


Fig. 10. Myelinated bodies (B) in 
Schwann cell. Myelin lamella (ar- 
rows) detaches from compact myelin 
and wraps around one of the bodies. 
Note the difference between neuronal 
(MN) mitochrondria and Schwann 
cell MS) mitochrondria. Polysome at 
the arrowhead. (TEM, x17,950) 


Fig. 11. Higher magnification of a 
oe ge body within Schwann 
cell. (TEM, x71,800). 


to a hign metabolic activity among these neurons. 
Testimony of the above observation is also the pres- 
ence of euchromatic nuclei,’ lightly stained, both 
under the light and the electron microscope (Figs. 
2,3, and 14). Microtubules were not predominant, 
and mul-ivesicular bodies were very rarely observed. 


There was no significant difference between cen- 
tral and peripheral processes of the neurons. The 
processes were heavily or lightly myelinated (Fig. 
8). Tae third type of unmyelinated nerve fiber, 
whick was observed in our cross sections and re- 
ported by other investigators,’ could be the result of 
cutting through the nodes of Ranvier (Fig. 9) where 
the fibers usually narrow down. 


Although longitudinal sections as well as surface 
preparations show the presence of various nerve fi- 
ber diameters, cross sections of nerve fibers have a 
limitatien in indicating actual nerve fiber diameter 
because -he existence of varicosities can alter it. In 
the chicx statoacoustic ganglion, for instance, the 
nerve varicosities account for some of the diameter 
difference observed in cross sections. '® 


The Schwann cell cytoplasm is denser and less 


Fig. 12. Cytoplasmic detail of a 
periatyon is seen (right). Lipid drop- 
et (F), short cistern of rough endo- 
plasmic reticulum (arrow) and group 
of polysomes (*). A myelinated body 


(B) is seen in the Schwann cell (left). 


(TEM, x14,360) 


Fig. 13. Coated vesicle is surrounded 
by perikaryon plasma membrane (ar- 
rowhead). Notice that coats of two 
cells are in close contact with each 


other (arrow). (TEM, x43,080) 
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Fig. 14. Golgi complex (G) and lip- 
id droplet (F). Note euchromatic nu- 
cleus of perikaryon. Nu -Nucleolus. 


(TEM, x14,360) 


Fig. 15. Dense particles are sand- 
wiched between myelin lamellae of 
Schmidt-Lanterman cleft (arrow- 
head). (TEM, x28,720) 


Fig. 16. Light micrograph of a 2 p 
thick section. Notice that the fibers do 
not exist at exactly opposite extremes 
(arrows). (TEM, x539) 
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granular than that of the soma myelinated by 
Schwann cells. Mitochondria are smaller, darker, 
and have more cristae than those of the perikaryal 
mitochondria. The nuclei are generally heterochro- 
matic instead of euchromatic. Two nuclei in one 
Schwann cell is not uncommon. This finding can be 
the result of cutting a single nucleus in two places 
since the Schwann cells wrap around the soma. 
While doing so Schwann cell nuclei are usually flat- 
tened and deformed; ie, the nuclei lose their 
spherical appearance. At the site of the extensive in- 
vaginations of the Schwann cell cytoplasm (Fig.7), 
the cell coat is prominent even within closed pro- 
cesses. These processes could have a functional sig- 
nificance especially since the Schwann cells are the 
ones contacting the interstitial fluid. Cytoplasmic 
extensions of this type are known to increase surface 
area. Cell coat is essential for cell-cell interaction 
and recognition.'*® In chick developing statoacoustic 
ganglion, for instance, the Schwann cells lose their 
coat at the site of contact with the nerve fibers once 
axonal recognition has been made.'® 


Fig. 18. Diagrammatic drawing of 
a vestibular neuron, its axon, myelin 
arrangement and Schwann cell. Some 
neurons and their nerve fibers are 
covered with a thinner myelin sheath. 
In other neurons, myelination ends at 
the axon hillock and restarts after the 
first node of Ranvier. The soma of 
some neurons is unmyelinated where- 
as the fibers are myelinated both 
before and after the first node of Ran- 
vier. Nevertheless, this diagram rep- 
resents the majority of ganglion cells, 
regardless of size and/or shape. 


Fig. 17. Cross section near the axon 
hillock (*) of a myelinated peri- 
karyon. Notice abundance of neuro- 
filaments (arrowheads) in this region. 
(TEM, x5,600) 


With the Schwann cell cytoplasm we saw mye- 
linated sodies (Figs. 10 and 11). These bodies have 
been observed in the spiral* and in the vestibular’ 
gangl a of other species. At least in the squirrel 
monkey these bodies seem to be the result of trans- 
verse cu s through finger-like projections of the per- 
ikarye (Fig. 3). The number of myelin lamellae of 
these dedies is about the same as those of the soma. 
The bocies, however, are almost always compactly 
myeliaa ed whereas the soma displays both loose 
and cempact myelin. 


Figare 18 summarizes the main morphological 
features of the myelinated vestibular neurons in the 
squirrel monkey. It should be pointed out that slight 
variator of the myelin arrangement among peri- 
karya and nerve fibers is often observed within a 
gangliom In some neurons, the myelin continues on 
to the initial segment with the same number of 
lamellae found around the body. In others, how- 
ever, myelination ends at the axon hillock and re- 
starts after the first node of Ranvier. This diagram 
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does not apply to unmyelinated neurons. Analysis of 
the initial segment of these neurons and myelination 
pattern after the first node of Ranvier was not possi- 


ble. 


In our preparation, we have observed numerous 
Schmidt-Lanterman clefts predominantly in heavi- 
ly myelinated fibers (Fig. 8). On several fibers 
chosen randomly, and from sections at least 30 p 
apart, we were able to count Schmidt-Lanterman 
clefts every 10-204 in segments of heavily myeli- 
nated fibers and every 20-30 p in segments of lightly 
myelinated fibers. Long (up to 100 ,) axonal 
segments are usually separating the segments where 
the clefts are frequent. Not all fibers within a 
ganglion follow this pattern though. Although these 
interruptions of the compact axonal myelin have 
been observed in vivo,” we wonder whether dif- 


ferent tissue fixation could alter their frequency, 
because Schmidt-Lanterman clefts have not been 
reported previously with the frequency that we 
have observed. It is well known that the percentage 
of glutaraldehyde and the molarity of the vehicle of 
the fixative are important for the preservation of 
some structures.'* The ultrastructural preservation 
of some tissue types differs between primary osmi- 
um fixation and primary glutaraldehyde fixation.’ 
Also, a different buffer system yields different 
results on penetration of the fixative, stainability, 
and cellular appearance.”° For instance, when the 
statoacoustic ganglia of chicks (counterpart of 
mammalian spiral ganglion) is fixed with glutaral- 
dehyde in either cacodylate buffer or phosphate 
buffer, the contour of the soma as well as the myelin 
arrangement differ (Fermin CD. Personal observa- 
tion). 


ACKNOWLEDGMENT — We express our appreciation to Dr. Glenn C. Thompson for providing us with the Apple-II microcomputer and the program 


for data analysis. 


REFERENCES 


1. Perre J, Sterkers NM, Ohresser M, Foncin JF. Sur la gaine 
des cellules ganglionnaires de Scarpa chez l’homme. CR Acad Sci 
(Paris) 1975; 280:1405-7. 


2. Bergström B. Morphological studies of the vestibular 
nerve. Acta universitatis upsaliensis. Abstracts of Uppsala disser- 
tations from Faculty of Medicine 1973; 159:7-38. 


3. Ballantyne J, Engström H. Morphology of the vestibular 
ganglion cells. J Laryngol Otol 1969; 83:19-42. 


4. Perre J, Riche D, Foncin JF. Sur la gaine des cellules 
ganglionnaires de Scarpa chez le babouin (Papio papio). Arch 
Otolaryngol 1977; 83:279-83. 


5. Densert O. A fluorescence and electron microscopic study 
of the adrenergic innervation in the vestibular ganglion and sen- 
sory areas. Acta Otolaryngol (Stockh) 1975; 79: 96-107. 


6. Kellerhals B, Engstrom H, Ades HE. Die morphologie des 
ganglion spirale cochleae. Acta Otolaryngol (Stockh) 1967; Suppl 
226: 5-78. 


7. Adamo NJ, Daigneault EA. Ultrastructural features of 
neurons and nerve fibers in the spiral ganglia of cats. J Neurocytol 
1973; 2:91-103. 


8. Ylikoski J, Collan Y, Palva T. Ultrastructural features of 
spiral ganglion cells: a study of patients with hearing loss of vary- 
ing origins. Arch Otolaryngol 1978; 104:84-8. 


9. Awataguchi S, Yamamoto N. Fine structure of the eighth 
nerve ganglion in the toad. Auris Nasus Larynx 1974; 1:77-87. 


10. Ross MD, Burkel W. Multipolar neurons in the spiral 
ganglion of the rat. Acta Otolaryngol (Stockh) 1973; 76:381-94. 


11. Tomsen E. The ultrastructure of the spiral ganglion in 
guinea pigs. Acta Otolaryngol (Stockh) 1967; Suppl 224: 442-8. 


12. Rosenbluth J. The fine structure of the acoustic ganglia in 
the rat. J Cell Biol 1962; 12:329-59. 


13. Watson ML. Staining of tissue for electron microscopy 
with heavy metals. J Biophys Biochem Cytol 1958; 4:475-578. 


14. Reynolds ES. The use of lead citrate at high pH as an elec- 


tron opaque stain in electron microscopy. J Cell Biol 1963; 
17:208-12. 


15. De Robertis EPD, De Robertis EMF Jr. Cell and molec- 
ular biology, 7th ed. Philadelphia: Saunders, 1980. 


16. Cohen GM, Fermin CD. Differentiation and myelination 
of the embryonic chick’s statoacoustic ganglion. Abstracts of the 
Second Midwinter Research Meeting. Association for Research in 
Otolaryngology, St. Petersburg Beach, Florida, 1978. 


17. Truex RC, Carpenter AB. Human neuroanatomy, 6th ed. 
Baltimore: Williams & Wilkins, 1969. 


18. Mathieu O, Claasen H, Weibel ER. Differential effect of 
glutaraldehyde and buffer osmolarity on cell dimensions: a study 
on lung tissue. J Ultrastruct Res 1978; 63:20-34. 


19. Santos-Sacchi J. Differential effects of primary fixation 
with glutaraldehyde and osmium upon the membranous system 
of strial and external sulcus cells. Acta Otolaryngol (Stockh) 1978; 
86:56-63. 


20. Wood LR, Luft JH. The influence of buffer systems on fix- 
ation with osmium tetroxide. J Ultrastruct Res 1965; 12:22-45. 


=> a 


Ann Otol 91:1982 


REVASCULARIZATION OF SKIN USING A MYOVASCULAR PEDICLE 
AN ANIMAL MODEL FOR FREE AND MYOCUTANEOUS FLAPS 


R. SERGEANT, FRCS 


ROTTINGDEAN, SUSSEX, ENGLAND 


WILLIAM R. PANJE, MD 


Iowa City, Iowa 


Myovascular pedicles developed from the rat hind limb allowed for revaseuErization of groin skin. This result confirms previous 
work. The myovascularized skin could be used as a free flap or as an experimeat2 animal model in the study of myocutaneous flaps. 


INTRODUCTION 


Over the last decade the technique of suturing to- 
gether blood vessels less than 3 mm in diameter has 
emerged from the experimental laboratory into 
clinical practice. Free flap reconstruction of surgi- 
cal and traumatic defects using these microvascular 
techniques has now established itself in clinical 
practice as a useful and consistently successful pro- 
cedure.'? The most frequently used flap is based on 
the superficial circumflex iliac vessels in the groin 
area;’ less commonly the skin from the dorsum of 
the foot based on the dorsalis pedis vessels has been 
utilized.* The relative lack of donor free flap sites 
dependent upon a direct cutaneous vascular supply 
and the need for vessels at least 1.5 mm in diameter 
to achieve reliable anastomosis remain as disadvan- 
tages to the further development of microsurgical 
reconstruction. 


In 1969 Schechter et alë showed that revasculari- 
zation of canine skin was possible using a myovas- 
cular pedicle. The observation that such skin could 
be transferred as a free flap is of considerable in- 
terest now that free flaps have gained clinical ac- 
ceptance. The ability to selectively revascularize 
areas of skin or tissue units, ie, bowel, bone, 
neuromuscular tissue, with a suitably sized vascular 
pedicle for microvascular anastomosis would widen 
the scope and possibilities for microvascular tissue 
transplantation. 


Myocutaneous flaps have deservedly received 
great impetus in the recent clinical literature. These 
compound flaps have demonstrated a wide range of 
reliable usefulness in reconstruction of head and 
neck defects. However, to better understand physi- 
ology and biochemistry of the myocutaneous flap, 
an animal model that represents the human situa- 
tion would seem appropriate. 


Using the rat, a myovascularized skin flap model 
was developed that confirms previous observations 
found in the dog. In addition this experimental flap 
was examined histologically, by perfusion studies, 
and physiologically as to its applicability to repre- 


sent an animal model for the human myocutaneous 
flap. 


METHODS 


Twenty--vo male rats (Biolab) weighing between 250 and 350 
g were cnesthetized using intraperitoneal Nembutal. A U-shaped 
thigh skin fap based in the inguinal region was elevated to expose 
the inguma fat pad, and the inferior epigastric and femoral ves- 
sels. The st=cutaneous elevation was continued onto the anterior 
abdomiza! wall to divide the myocutaneous vessels in the lower 
abdomiza! quadrant adjacent to the thigh. The inguinal fat pad 
was excisec following ligation and division of the inferior epigas- 
tric vessels == their origin. The femoral vessels were ligated and 
divided jus~ distal to the origin of a constant muscular branch that 
supplies ‘he 2dductor muscles of the thigh. A 6 x 5 x 2 mm block of 
gracilis =a! =levated on the vascular pedicle just described. Eleva- 
tion proximally of the femoral vessels resulted in a long vascular 
pedicle sue_ that the muscle block could be sutured using 9 mono- 
filament n-ion to the undersurface of the elevated abdominal 
wall skiz. The skin flap was replaced and the wound closed (Fig. 
ly, 


Five -zats were used as controls, and in these no myovascular 
pedicle sa: <levated although identical elevation of the skin of the 
thigh amd . »>domen was performed. Between the 18th and 25th 
day followmg flap elevation the animals were divided into groups 
for subssqu=nt experimentation. 


Experam. at 1. In the five control rats a 4 cm disc of skin situ- 
ated cemtre ly in the previously elevated skin flap was dissected 
free anc then sutured back in situ. Six rats with myovascular ped- 
icles had similar discs of skin, centered on the muscle block, ele- 
vated. The skin discs, whose only attachment was the myovas- 
cular pedice, were sutured back in situ. In all rats, on return of 
the skin diss, intravenous fluorescein was given prior to examin- 
ation under ultraviolet light. The subsequent fate of the skin discs 
was recarded. 


Experiment 2. Flaps measuring 8 x 4 cm were elevated in five 
rats such t at the only point of attachment near the lower end of 
the flap was the myovascular pedicle, all other sources of blood 
supply beimg sacrificed. The flaps after elevation were sutured 
back in position. Five rats, previously unoperated, were used as 
controls, and in these, similar size flaps were elevated based only 
on the mf rior epigastric vessels. These flaps were also sutured 
back in position. In five rats 8 x 4 cm flaps were raised on each 
side of the animal. On the right side the flap was supplied only by 
the myowaseular pedicle and on the left side by the inferior epigas- 
tric vessels Thus ten neovascularized flaps were available for as- 
sessmer*, gether with ten controls. The flaps were examined, 
following mtravenous fluorescein, under ultraviolet light shortly 
after return and suturing. Final assessment was made at the fifth 
day. 
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53 


SERGEANT-PANJE 





Fig. 1. A) Rat groin and leg with medially pedicled “cutaneous” groin flap. B) Gracilis muscle applied to undersurface of 
reflected groin flap (arrow A). Vascular pedicle entering femoral vessels (arrow B). C) Cutaneous groin flap sutured in place. 
Black dot (arrow) marks area to which gracilis myovascular pedicle has been attached. 


Rats demonstrate a marked tendency to devour their own skin 
flaps. In the bilateral group the abdominal wall was protected by 
means of a cervical collar and all rats were caged ind vidually. 


Experiment 3. Three rats with myovascular pedicles were 
sacrificed at 28 days. The skin and underlying muscle lock were 
serially sectioned. 


Experiment 4. In one rat a 4 cm disc of skin bared on the 
myovascular pedicle was raised. An intravenous injection of India 
ink into the dorsal vein of the penis perfused the flap. The animal 
was sacrificed and the skin with its underlying myovaseular pedi- 
cle was serially sectioned. 

Experiment 5. Vinylite plastic casts of the vascular tree in the 
lower half of two rats with myovascular pedicles were made ac- 
cording to E. Rose (personal communication). 


RESULTS 


The results of experiments 1 and 2 are tabulated 
in the table. In reference to experiments 3, +, and 5, 
serial sections through the myovascular pedicle at 
28 days show the presence of neocapillaries setween 
the muscle and subdermal plexus of the skin flap. 
Carbon particles (India ink) were shown to be pres- 
ent in the subdermal plexus of the flap isolated in its 
myovascular pedicle prior to injection. Vinylite 
casts demonstrated the gross anatomical change in 
the vascular pattern. 


DISCUSSION 


The blood supply of skin is dependent on the sub- 
dermal vascular plexus and its vascular connec- 
tions. In these experiments the plane of flap eleva- 
tion is just deep to the subdermal vascular plexus 
and all vascular connections except at the base of 
the flap are divided. The muscle block when su- 


tured in situ is adjacent to the subdermal plexus. 
The acute inflammatory response and organization 
of the hematoma between skin and muscle results in 
the formation of neocapillaries which unite the sub- 
dermal vascular plexus to vessels in the muscle 
block. These vessels were demonstrated in the serial 
sections of the muscle and skin (experiment 3). The 
vascular continuity at capillary level has been dem- 
onstrated histologically with serial sections per- 
formed following the injection of India ink (experi- 
ment 4). The Vinylite casts, not surprisingly, failed 
to show vascular continuity between the muscle 
block and subdermal plexus of the skin flap. The 
casts, however, did demonstrate a nutrient vessel to 
the adductor muscle mass of the thigh. 


In the first experiment all control skin discs failed 
to fluoresce and were gangrenous by the fifth day. 
In the muscle pedicle group complete flap survival 
was noted in all animals despite the effects of self- 
inflicted trauma and resuturing required at 24 
hours in two rats. This experiment clearly shows 
that it is possible to revascularize skin and that such 
may be elevated as a flap on a new and discrete vas- 
cular pedicle. 


The second experiment attempts to determine the 
area of viable skin that can be maintained by the 
standard size muscle block and pedicle. In both the 
control and experimental groups flap loss occurred 
distally and extended the full width of the flap. 
Flap loss has been assessed, therefore, as a single 
linear measurement. Of the ten neovascularized 
flaps elevated, one was eaten prior to assessment 
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FLUORESCENCE AND FLAP VIABILITY IN EXPERIMENTS 1 AND 2 


Area of Fluorescence 


Area cf Viability at 5th Day 


Rats Rat No. (cm) (cm) Remarks 


Experiment 1. Skin disc 
Control group (N = 5) Nil 
Pedicle group (N = 6) Complete 


Experiment 2. 
Myovascular pedicle group 


Control group 


— 
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and in another the vascular pedicle was trauma- 
tized at the time of elevation, resulting in poor 
fluorescence and considerable flap loss by the fifth 
day. These two animals were excluded from analy- 
sis. Of the remaining six some flap loss was noted, 
the range being 1 to 3.5 cm. The mean linear flap 
loss was 1.4 cm. 


The experimental control was an axial pattern 
flap based on the inferior epigastric vessels. Again 
10 flaps were raised; 2 flaps were eaten and one 


Nil 
Complete In 2 rats resuturing wound 
required at 24 hr 
4.0 x 8.0 
4.0 x 7.0 
Nil Eaten 
4.0 x 4.5 
4.0 x 3.5 
4.0 x 7.0 
4.0 x 6.0 
4.0 x 6.5 
4.0 x 8.0 
4.0 x 6.0 
Nil Eaten 
Nil Eaten 
Nil Animal death, cause un- 
known 
4.0 x 6.5 
4.0 x 6.0 
4.0 x 8.0 
4.0 x 7.0 
4.0 x 8.0 
4.0 x 8.0 
4.0 x 8.0 


animal died leaving 7 flaps for analysis. Complete 
survival was noted in four and in the remaining 
three, linear flap loss occurred of 1, 1.5, and 2 cm. 
The mean linear flap loss was 0.6 cm. 


In this small group of animals no statistically sig- 
nificant results can be expressed. Nevertheless the 
stancard muscle block and vascular pedicle is able 
to maintain the viability of a flap on the average 4 x 
6.6 «m. If the area of muscle in contact with the 
flap is related to the total area of viable flap, the 





Fig. 2. Rat abdomens from experiment 2 at ten days postoperative. Note similarity of flap survival in each animal. Con- 


trol group (A); Experimental myovasculariazed flap group (B). 
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ratio is 1:66. The result compares favorably with 
the size of flap (4 x 7.4 cm) maintained by the 
animal’s own inferior epigastric vessels (Fig. 2). 


CONCLUSION 


These experiments confirm that it is possible to 
revascularize an area of skin with a discrete myo- 
vascular pedicle. Such skin with its newly selected 
vascular pedicle could be readily transferred as a 
free flap. In clinical practice the mobilization of a 
comparatively small muscle block and vascular ped- 
icle would cause minimal morbidity and ne func- 
tional loss yet ultimately yield a flap, ie, skin and 
vessel diameter suitable for microvascular recon- 
structive surgery. 


With the recent promulgation of myocutaneous 
flaps,” development of a small animal skin-muscle 
flap model would be important for further explora- 
tions into the possible uses of this flap. Previous 
anatomical studies have demonstrated that animal 
models, except for the pig and monkey, are unsuit- 
able for definitive cutaneous flap research which 
can apply to the human.’ Animal skin is supplied 
through a dual vascular system separated by a thin 
muscle layer (panniculus carnosum). In contrast, 
human integument receives its principal vascular 
supply through musculocutaneous perforators. By 
removing the animal’s panniculus carnosum and its 
underlying blood supply and directly applying a 


vascularized muscle pedicle to the subdermal plexus 
as done in this experiment, one is essentially creating 
a myocutaneous unit that duplicates the human sit- 
uation. The significance of this experiment animal 
flap model as used herein can be seen in the devel- 
opment of the human myocutaneous “paddle” flap 
concept. The “paddle” flap is a myocutaneous flap 
in which there is a cutaneous extension without un- 
derlying muscle. The cutaneous extension provides 
for thinness and suppleness not easily achieved with 
the pure compound arrangement. The skin-only ex- 
tension is a random flap and, unlike the axial skin- 
muscle arrangement, is more subject to failure with 
greater length-width ratios. From this experiment a 
comparatively small myovascular pedicle (5 x 6 
mm), when attached to skin, was able to maintain 
viability of a moderately large proportion of a 
delayed cutaneous-only flap. The relative area of 
muscle to skin was 1:66. This concept has now been 
applied to the human situation and will be reported 
at a later date. 


Clearly the need exists for further experimenta- 
tion to substantiate the validity of the rat myovas- 
cularized skin flap concept to duplicate the human 
situation. The revascularization of bone and com- 
posite tissues are planned areas for further free flap 
experimentation. The use of various drugs will also 
be investigated as to their effect on how and when 
to reverse the dying myovascularized skin flap. 
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FLUORESCENCE BRONCHOSCOPY 
A NEW TECHNIQUE AND FURTHER RESULTS 
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A new method of fluorescence bronchoscopy is presented which uses a standacd light source and a special filter combination to permit 
the carrying out of fluorescence bronchoscopy with a surface marking method by means of inhaling a fluorescein solution. Normal mucous 
membrane, or mucous membrane with no histological change other than inflaramation, which is cleansed by ciliary activity, does not 
usually fluoresce for a period longer than about two hours after the inhalation. There were, it is true, 13 false positive fluorescences out of 
52 fluorescing areas in the mucous membrane. Correctly recorded were 39 cases cf positive, ie, visible tumors, metaplasias, accumulation 
of mucous glands in the epithelium, and mucous membrane which had undergore a neoplastic change in the sense of a lymphangitis car- 
cinomatosa or a mucous membrane carcinosis; these all caused fluorescence. The false negative results amounted to only two nonfluoresc- 
ing tumors and one metaplasia. These diagnoses arise from the first 100 patients examined by this method. The fact must be especially em- 
phasized that out of the 58 carcinoma cases, there were 7 where neoplastic changes in the mucous membrane were diagnosed by the 
fluorescence technique, although they had not been recognized macroscopically either by the naked eye or by the Hopkins optical tech- 
Storz, drew the author’s attention to the fact that 


nique. 
fluorescence can be excited not only by UV light but 


also by visible light (Fig. 1). This area ranges from === siji 


INTRODUCTION 








) fluo- 90% > 


Preliminary results with ultraviolet (UV 
rescence bronchoscopy were reported two years ago 


at the meeting of the American Broncho-Eso- Mas | SHE 
phagological Association.! Since then, further ex- Exciter Light ute 
perience has been accumulated and a new tech- RE 
nique adopted. Fluorescence T eae 

S N:::: 


TECHNIQUE 


Requirements. J. Reling, of the firm of J. L. 


ae Filter Zeiss 520 





E 





400 to 770 nm (1 nm = 10° m). The light required UV s Light oe red IR 

for optimal production of fluorescence lies in the F g. 1. Areas of fluorescence excited by ultraviolet and 
dark blue band, at a wavelength of 495-498 nm. visible light sources. UV - Ultraviolet; IR - Infrared. 
There are also two further exciting frequencies in 

UV light which have been used hitherto, namely vapor or Aldosan, a disinfectant, can also bleach 
325 and 280 nm. The fluorescent light generated the filter. This narrow band of blue light is 
lies in the green-yellow range. It starts at 480 nm transmitted through an ordinary glass fiber-bundle 
and reaches a maximum at 525 nm. light 2arrier. The special quartz fiber-bundle light 


carrier is unnecessary, since no UV light is to be 
transmitted. This light-conducting fiber-bundle is 
attached to a viewing optical system having any 
chosen viewing angle, and assures optimal il- 
lumiration of the field of vision with the exciter 
light. In theory, a fiber-bronchoscope could also be 
attacied. The author, however, has not yet gained 
any experience with this, since no suitable light 
source possessing a filter drawer has so far been 


Apparatus. These requirements can be met by 
apparatus designed as follows. The UV light source 
is no longer necessary but is replaced by a conven- 
tional endoscope light source of any make equipped 
to accept a cooled dark blue filter in front. The 
filter must meet the following specifications: it 
should transmit light over a narrow waveband on- 
ly, as close as possible to 495 nm, with a steep drop 
in the curve beyond this point and practically no 


more light being transmitted beyond 500 nm. The available, 

Zeiss exciter filter 500, an interference filter, has In order to exclude the exciter light, which lies in 
been specially developed for this purpose. On ac- the visible light range and would be reflected with- 
count of its instability to heat, this filter must be air- in the bronchial tree, so that only the induced fluo- 
cooled. Certain chemicals such as formaldehyde rescent light can be seen, a yellow suppression filter 
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is fitted to the optical eyepiece or the fiber broncho- 
scope eyepiece. Here too, a special filter combined 
with the Zeiss 500 exciter filter is available. This is 
the Zeiss suppression filter 520, an absorotion filter 
with a very steep cutoff at about 500 to £15 nm. Its 
transmission factor amounts to 90% at 530 nm and 
as much as 95% at 540 nm, and it thus passes prac- 
tically all of the fluorescent light generated. The 
very small amount of overlap between these two fil- 
ters allows so little light passing through that it can 
practically not be seen. 


With these two filters, therefore, the generated 
fluorescent light is all that can be seen. If, however, 
there is a great deal of fluorescing material in the 
bronchial tree, as is observed especially in cases of 
chronic bronchitis, the fluorescent light zenerated 
illuminates the bronchi to such an extent that their 
contours can be seen. This disturbing phenomenon 
can be alleviated by drawing off the overexcessive 
amount of fluorescing secretion present. It is recom- 
mended that this be done under careful, directed 
control by means of a catheter, the flexible instru- 
ment guide according to Maassen and the (°-optical 
system, or by means of careful lavage. 


From the point of view of the apparatus, there- 
fore, the whole method has been reduced to the use 
of these two filters, the blue exciter filter Zeiss 500 
in the light source and the yellow suppression filter 
Zeiss 520 on the optical eyepiece. Since the UV light 
source and the quartz fiber light carrier are dispensed 
with, one can no longer speak of UV bronchoscopy. 
The method is one of fluorescence bronchoscopy. 


Experiments. The experiments carried out with 
this equipment have shown that the bronchial tree 
is excellently illuminated, even with right-angle or 
retrograde viewing, and that the energy of the in- 
ducing light is very great and gives rise to a very 
considerable degree of fluorescence, even of the 
smallest particles. After numerous experiments, the 
author has reached the conclusion that the inhala- 
tion of fluorescein in this procedure must be done 
one or two hours before the bronchoscopy is carried 
out, since even after four hours nonciliar areas can 
still fluoresce. 


Practical Procedure. The new procedure is car- 
ried out as follows. On arrival for ambulant bron- 
choscopy, or at least one or preferably two hours 
before the treatment, the patient inhales 5 ml of a 
sterile aqueous 5% fluorescein solution together 
with a 8, stimulator, by means of a pressure inhaler. 
A nose clip during inhalation prevents a wrong 
breathing technique, and yellow coloration of the 
tongue and lips indicates correct absorption of the 
fluorescein. The patient is encouraged to cov gh vig- 
orously and to expectorate following the inhalation 
to support the automatic cleansing of the surfaces. 
The bronchoscopy is first carried out in accordance 
with the usual routine. Any yellow stainec secre- 
tions that may be present do not interfere with the 
examination in any way. 


TABLE 1. FINAL DIAGNOSES OF FIRST 100 CASES 


Diagnosis No. 
Central carcinoma cases 27 
Peripheral carcinoma cases, not visible by endoscope 

or fiber bronchoscope 24 

Operated cases examined by bronchoscope to 

check area of resection 5 


Lung metastases associated with primary tumors 
located elsewhere 7 


Other diagnoses ere lung disorders where 
bronchoscopy used to clarify diagnosis 42 


For the bronchoscope, one of the usual light 
sources is used, and for the optics, a new modified 
Storz light source is used, which already has a built- 
in dark blue exciter filter Zeiss 500. As well as these, 
the filter revolver contains two further light blue 
filters (Schott BG 23) of different density, which ac- 
cording to earlier work have been found to make it 
possible to increase the contrast between yellow 
tones and red tones (eg, with tubercles). 


When the routine examination is finished, the 
bronchoscope illumination is switched off and the 
bronchial tree is viewed with the optical system in 
the blue exciter light. One immediately sees the 
fluorescing areas as well as the blue image of the 
bronchial tree. Under some circumstances, it may 
be difficult to decide whether what one sees is a 
secretion permanently located on the parietal sur- 
faces, or a true fluorescence of the mucous mem- 
brane. Delicate laminated reticular and punctiform 
fluorescence mostly indicates true parietal fluores- 
cence; where intensive fluorescence occurs in longi- 
tudinal strips, it is likely to be a matter of an adher- 
ent secretion. Careful, directed withdrawal by suc- 
tion, which must not initiate any bleeding, or even 
lavage, will usually permit differentiation. All 
bleeding must be avoided since the maximum light 
absorption of hemoglobin lies exactly in the wave- 
length of the induced fluorescent light, and blood 
will therefore completely extinguish all fluores- 
cence. For definitive verification of the situation, 
the yellow suppression filter Zeiss 520 is placed on 
the eyepiece. If a fluorescent area is seen on the 
parietal surface, both filters are taken off so that the 
area can be observed in normal light. In this way, it 
is easy to decide whether the area concerned ap- 
pears macroscopically inconspicuous or perhaps 
does show certain changes. In any case, this area in 
the mucous membrane can be submitted to a visual- 
ly directed biopsy by means of the optical system. 


TABLE 2. FLUORESCENCE WITH CENTRAL TUMORS 


(27 CASES WITH 35 BIOPSIES) 


Tumor fluorescence 21*  6t(4 due to blood) 
Proximal fluorescence 7 20 
Biopsies carried out 7 l 

Normal mucous membrane 2 1 

Metaplasias 3 

Tumor infiltrations 2 


*Positive fluorescence. 
t Negative fluorescence. 
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TABLE 3. FLUORESCENCE WITH PERIPHERAL TUMORS 


(24 CASES, 19 BIOPSIES) 





Fluorescence 14* 10t 
Biopsies carried out 14 5 
Normal mucous membrane 6 5 
Metaplasias 3 
Tumor infiltrations 5 


*Positive fluorescence. 
t Negative fluorescence. 


CASE STUDIES 


The first 100 cases (35 with the UV light source, 
65 with the new procedure), examined successively 
without special selection but excluding the test ex- 
periments, are illustrated in Table 1. Of these cases, 
15 were contributed by the ENT Clinic of the Can- 
tonal Hospital of St. Gallen, and the remaining 85 
by the City Hospital of Triemli. 


RESULTS 


The following have shown positive fluorescence: 
neoplasms, metasplastic changes in the mucous 
membrane or massive accumulations of mucous 
cells in the mucous membrane. Unchanged epithe- 
lium, or epithelium which is histologically changed 
only by inflammation, does not usually show 
fluorescence. Tables 2-5 give a numerical break- 
down of the results. 


FLUORESCENCE 


With Visible Tumors. Of the 27 visible tumors, 
21 showed a positive fluorescence (Table 2). Two 
showed no fluorescence in spite of having appeared 
strongly and unmistakably to be malignant changes 
in macroscopic examination. With four of the tu- 
mors, spitting of blood had been evident even at the 
first examination, so that the tumor was covered by 
blood. For this reason, any fluorescence was extin- 
guished and could not be registered. Proximal to 
these tumors, in the macroscopically unchanged 
epithelium, there were seven additional fluorescing 
areas. These indicated three metaplastically 
changed areas and two tumor infiltrations. In the 
whole of this group, there were thus 26 correct 
positive and 2 false positive results as well as 2 ( + 4) 
false negative results. 


With Peripheral Tumors. In the 24 cases with 
peripheral tumors which could not be seen even 
with the fiber bronchoscope, there were 14 fluores- 
cing areas in the mucous membrane which were 
macroscopically inconspicuous. Of these, 8 were 


TABLE 4. FLUORESCENCE WITH METASTASES 


(7 CASES, 5 BIOPSIES) 


Fluorescence 3” 4t 
Biopsies carried out 3 2 
Normal mucous membrane l 2 
Metaplasias l 
Tumor infiltration lf 


* Positive fluorescence. 
tNegative fluorescence. 
f Breakthrough. 


TABLE 5. FLUORESCENCE WITH REMAINING 
ERONCHOPULMONARY DISORDERS 


__(42 CASES, 35 BIOPSIES) 





Fluorescence a 351 
Biopsies carr-ed out 7 28 
rmal mucous membrane 4 27 
Metaplesias 3 l 
Tumor nfiltrations 0 


*Positive fluorescence. 
tNegative fuorescence. 


correct pcsitives (3 metaplasias and 5 tumor infil- 
trations). This group contained the largest number 
of false positive results (6), ie, in six cases, a layer of 
fluorescinz secretion was incorrectly interpreted as 
true paretal fluorescence. For the patients, 
however, this was no negative conclusion, in- 
asmuch a! by means of the directed biopsy of these 
areas cf mucous membrane it was possible to rule 
out seriou; disease. 


With Metastases. In the seven cases with lung 
metastases associated with foreign tumors, only 
three ‘lucrescing areas were found. One of these 
had alreedy been recognized macroscopically as 
malignan-, being a tumor breakthrough of a lymph 
node metastasis in the central bronchial tree. To- 
gether with the fluorescing metaplasia, there were 
therefore two results which were correct positives 
and ome which was false positive. 


With Remaining Bronchopulmonary Disorders. 
Among tke 42 noncarcinomatous cases examined, 7 
mucous membrane areas showed fluorescence; 3 
metaplas:as are to be assessed as correct positive re- 
sults and 4 normal mucous membrane areas as false 
positives. Of the 35 nonfluorescing areas, the 
mucous membrane was found in 27 of 28 routine bi- 
opsies to be normal or only affected by inflamma- 
tion, anc only once did the biopsy show a meta- 
plasia. This last case must be added to the false 
negative cases of the carcinomatous group. 


SUMMARY 


In the 100 examinations, there were altogether 52 
fluorescing mucous membrane areas of tumors 
(Table 6°. In 28 cases, a tumor was already macro- 


TABLE 6. RESULTS OF FLUORESCENCE STUDIES 
N = 100 





No. of No. of 
Cases Areas 





Diagnoses 
‘Tumor cases 58 
Other bronchopulmonary disorders 42 


Fluorescen ve 


Positive 52* 
Negat ve 75* 

Verification of biopsy 
Corres: positive 39 
Correst negative 35 
False >ositive 13 
False iegative 3 (+4) 


Neoplastic infiltration discovered by 
fluorescence only 


*Visidle tamors counted twice. 
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scopically visible (27 central tumors and one central 
lymph node breakthrough in a lung metastasis). 
There were 22 tumors which fluoresced. Together 
with the 10 fluorescing metaplasias or accumula- 
tion of mucous glands and 7 tumor infiltrations 
which were not macroscopically recognizable, 39 
correct positive fluorescences were therefore observ- 
ed. Thirty-six routine biopsies were taken from the 
69 nonfluorescing, macroscopically unchanged mu- 
cous membrane areas central to a tumor and areas 
where no tumor could be seen. In 35 of these biop- 
sies, the mucous membrane proved to be histolog- 
ically normal or affected only in inflammation, and 
only once was a metaplasia found which had not 
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fluoresced. In this series of examinations, therefore, 
35 gave correct negative results. Altogether, 13 
mucous membrane areas which were normal or 
only affected by inflammation showed fluores- 
cence, ie, a deposited fluorescing mucus layer was 
interpreted as true parietal fluorescence. These are 
the false positive results. The two nonfluorescing tu- 
mors, the nonfluorescing metaplasia and the four 
tumors covered by blood are to be counted with the 
false negative results. They are in the minority. On 
the other hand, it is to be noted that a tumor infil- 
tration of a macroscopically unchanged mucous 
membrane was on seven occasions only discovered 
by the fluorescence. 
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AUDITORY BRAINSTEM RESPONSES AS INDICATORS OF HEARING 
AID PERFORMANCE 


PAUL KILENY, PhD 


EDMONTON, ALBERTA. CANAD a 


A procedure involving the utilization of auditory >rainstem responses (ABR) t> indicate effective amplification is reported. The pro- 
cedure involves eliciting ABRs by clicks presented in sound field to the aided ear ard the estimation of an aided ABR threshold. The method 
allows for the selection of the ear responding best to amplification in very young cr uncooperative hearing-impaired patients. Case studies 
including electroacoustical analyses of the amplified cick stimuli and aided ABEs are presented. 


One of the important factors in the successful 
management of the hearing-impaired infant is the 
prevision of effective amplification.! Due to in- 
creasingly widespread utilization of electrophys- 
iological diagnostic methods, an accurate ciagnosis 
of hearing loss is now possible at a very young 
age.*** However, the initial selection of a suitable 
hearing aid for the severely and especially the pro- 
foundly hearing-impaired infant is still a fairly ar- 
bitrary procedure.' This report deals with the 
utilization of auditory brainstem responses (ABR) as 
incicators of effectiveness of amplificatior. While 
this procedure cannot replace ongoing evaluation 
and long-term behavioral observations it has the 
potential to provide a better starting point. Its ap- 
plieations would be mainly in hearing-impaired in- 
fants or developmentally delayed youngsters. 


METHODS 


Brainstem responses were recorded by a vertex to ipsilateral 
earlobe surface electrode configuration. The contralateral earlobe 
or the forehead served as ground. The impedance between any 
two electrodes was below 3,0009. The responses were preampli- 
fied (10*), filtered with a bandpass of 150-3,000 Hz anc averaged 
following 2,048 stimulus presentation by a Nicolet Ca-1000 
averager or a Nicolet Med-80 minicomputer (Nicolet Instrument 
Corp., Madison, Wis.). The averaged time period was % ms. The 
responses obtained were displayed on the built-in oscilloscope for 
inspection and peak latency measurements, and plottec on paper 
with an X-Y recorder. 


Clicks were obtained by delivering 100 ys duration rectangular 
pulses alternated in polarity to a TDH-39 earphone at a rate of 
17/s. In some cases 500 Hz tone pips were also utilized to elicit 
unaided auditory brainstem responses. These originatec from 500 
Hz sine waves gated with rise and fall times of 4 ms (2 cycles) and 
no plateau. The tone pips were delivered at a constant polarity 
and were embedded in continuous high pass filtered white noise 
with a cutoff of 1,500 Hz as described elsewhere.’ Stimulus inten- 
sities are expressed in dB HL and are based on averaged normal 
aduk thresholds. Because of the characteristics of the specific 
hearing aids, the click signals were modified both in spectral fre- 
quency and temporal characteristics as illustrated in Figures 1 
and 2. Figure 1 shows the click waveform generated by a TDH-39 
earpnone as measured in a 6 cm? coupler, as modified by a Phonic 
Ear* (H. C. Electronics, Inc., Mill Valley, Calif.) HE 880 aid 


and by a Maico-P311 postauricular aid. F igure 2 illustrates 
changes «= the frequency spectrum of clicks when amplified by 
the abov=-nentioned hearing aids. Hearing aid output was mea- 
sured in a 2 cm? coupler. The click stimuli were delivered to the 
respectiv= tearing aids by the TDH-39 earphone positioned 5 cm 
from its imput. 


The in-ants and children presented in this report were tested 
asleep in : «rib. When necessary, they were sedated with an intra- 
muscularim‘ection (0.05 cm?/0.45 kg) consisting of 16.7 mg mep- 
eridine, & © mg chlorpromazine and 8.3 mg promethazine per 1 
cm’ of somtion. 


After establishing unaided ABR thresholds, a hearing aid was 
placed in tae patient’s ear. In most cases custom-made earmolds 
were avamable at the time of testing. Click stimuli were delivered 
to the aidec ear by a TDH-39 earphone suspended from an adjust- 
able arm «ta distance of 5 cm from the microphone of the hearing 
aid. Depending upon the necessity to mask, the contralateral ear 
was eithe æft open or covered by an earphone. Whenever possi- 
ble, aidec hresholds were established, however the presence of 
aided responses elicited by 45 or 55 dB HL clicks in cases of severe 
or profouac hearing loss were considered to be indicative of effec- 
tive ampl fxation. 


tone 39 


HC=830 


Sill 


0.4 ms 


Fig _. Modifications of temporal characteristics of con- 
densatien clicks when delivered in sound field by a 
TDH-3) earphone to two different hearing aids. Top trace 
(TDE-29): 40 dB HL clicks measured in a 6 cm? coupler; 
midd and bottom traces (HC-880, P-311): 40 dB HL 
elicks delivered to the respective hearing aids measured in 
a 2 craf coupler. 
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dB, AT TENUATION 
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Fig. 2. Frequency spectrum envelopes of clicks gener- 
ated by a TDH-39 earphone measured in a 6 cm’ ccupler, 
and as modified by the two hearing aids presented in 
Figure 1, measured in a 2 cm? coupler. 
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CASE REPORTS 


The following case studies illustrate the applications of this pro- 
cedure. 


Case 1. This 18-month-old female, referred to the Glenrose 
Hospital Audiology Clinic, was born at term by an uncompli- 
cated delivery. Pregnancy was complicated by hemorrhage occur- 
ring four weeks prior to delivery. At birth preauricular tags were 
observed and a concern for hearing impairment was expressed, 
however there were no further investigations. Ultim ately, the 
parents expressed concern when at 18 months the infaat was still 
nonverbal. In behavioral testing she was very inconsistent. 
Acoustic reflexes were absent bilaterally with adequate middle 
ear function. Figure 3 illustrates unaided and aided auditory 
brainstem responses to clicks. The aided responses disp-ayed were 
obtained with a Phonic Ear HC 880 postauricular hearing aid. 
Unaided responses to 85 dB and 90 dB clicks respect-vely were 
questionable bilaterally. The difference between aided responses 
is evident: well-defined typical brainstem response patterns were 
obtained from the right ear, down to 30 dB HL. The aided re- 
sponses obtained from the left ear were poorly defined end thresh- 
old was determined to be 50 dB HL with the variable gain control 
of the hearing aid set to maximum. As suggested by these results, 
the right ear was aided and this female has been making steady 
progress with her aural rehabilitation program. She has also been 
followed regularly with behavioral audiometry. The consistency 
of her behavioral responses has been improving steadil , and both 
a confirmation and a possible explanation of the electrcphysiolog- 
ical results have been gradually emerging. Her aided behavioral 
pure-tone thresholds in sound field average 30-35 d3 HL. Al- 
though tympanograms were within normal limits bilaterally, the 
results of recent behavioral audiometry under earphones and with 
bone conduction suggest the presence of a mixed hearir g loss in at 
least one ear (bone-conducted pure-tone average = 45 cB HL). As 
masking could not yet be used reliably with this now 2 4-year-old 
female the bone-conducted thresholds obtained are a reflection of 


RIGHT EAR LEFT EAR 


hearing in the better ear. Since the right ear responded so much 
better to amplification than the left, it is most probably the source 
of those unmasked bone-conduction thresholds. An otological 
consultation has failed so far to provide an explanation of the air- 
bone gap. 


Case 2. This nonverbal male was first referred to the audiology 
clinic at five years of age, when he and his family moved to Ed- 
monton from overseas. Hearing impairment was suspected to be 
the cause for his failure to develop speech; however, one or two 
attempts to assess his hearing in his hometown had failed to yield 
any information. The pure-tone thresholds obtained at our clinic 
indicated a moderate bilateral hearing impairment and he was 
fitted with a Maico P-311* postauricular hearing aid (Fig. 4). 
Following several months of intensive speech training and little 
progress, it was decided to verify his behavioral thresholds (aided 
and unaided) by brainstem audiometry. Aided and unaided ABRs 
for this:patient’s left ear are shown at the bottom of Figure 4. It is 
evident that the behavioral and electrophysiological thresholds 
are in close agreement. 


Case 3. A moderate bilateral sensorineural hearing impairment 
was diagnosed at three years of age in this 5-year-old female. She 
was fitted monaurally with a Danavox 775 PP postauricular aid 
shortly thereafter. Brainstem audiometry was initiated at this 
stage to verify unaided and aided thresholds prior to the initiation 
of binaural amplification. Unaided and aided ABRs are shown in 
Figure 5. Aided click thresholds were determined to be 20 dB HL. 
The effect of turning up the variable gain control by one division 
is also shown: it consisted of an increase in the amplitude of wave 
V with no significant change in its latency. 


Case 4. This male presented at birth with several anomalies 
(multiple anomalies of the spine, dislocated hip, a midline cleft of 
the hard palate and asymmetric irises) diagnosed as Klippel-Feil 
syndrome. Since this syndrome may also be associated with hear- 
ing impairment ranging from mild conductive to profound sen- 
sorineural,® he was referred to audiology and assessed at six days 
of age. Brainstem audiometry indicated a moderate hearing loss 
in the left ear (unfiltered clicks and 500 Hz tone pip thresholds 60 
dB HL) and a severe-to-profound hearing loss in the right ear 
(click thresholds 90 dB). Tympanograms were within acceptable 
normal limits bilaterally.” A decision was made to initially aid the 
left (better) ear, therefore aided brainstem responses were also 
elicited. Figure 6 illustrates unaided and aided responses to un- 
filtered clicks. The aided responses were obtained with a Phonic 
Ear HC 810 postauricular hearing aid. The results shown in Fig- 
ure 6 suggest that the hearing aid is providing adequate amplifica- 
tion: aided click thresholds are in the normal range. 


DISCUSSION 


The utilization of auditory brainstem responses to 
determine effectiveness of amplification is a logical 
extension of the audiometric applications of this 
technique. The case studies presented here clearly 


*Maico Hearing Instr., Inc, Minneapolis. 
tDanavox, Inc, Minneapolis. 
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stem responses (clicks). In this and subse- 
quent figures, click intensities in dB HL are 
listed on the left of the respective response 
trace. Right ear - Phonic ear HC 880, vol 6; 
| left ear - Phonic ear HC 880, vol 9. The ar- 
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Fig. 4. (Case 2) Unaided and aided audiogram and 
brainstem responses. Arrows point to wave V. 


demonstrate both the technical feasibility and the 
benefits of this procedure. The utilization of audi- 
tory brainstem responses to determine effectiveness 
of amplification has been recently considered to be 
problem-ridden.® A review of the earlier literature 
revealed one report which mentioned the use of the 
late cortical auditory evoked potentials to deter- 
mine effectiveness of amplification in children.’ 
While due to the limitations imposed by the nature 
of the late components of the auditory evoked re- 
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Fig. 5. (Case 3) Unaided and aided brainstem responses 
(clicks). The aided responses also illustrate the effect of 
turning up the variable gain control of the hearing aid by 
one sibierary division (‘6' to ‘7’) with the stimulus intensity 
remaining constant (25 dB HL). Arrows point to wave V. 
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Fig. 6. (Case 4) Unaided and aided ecg ors (clicks) 
from a 6-day-old male baby presenting wit Klippel-Feil 
syndrome. Arrows point to wave V. 


sponse (ie, dependency on stage of sleep and sensi- 
tivity -o sedation) actual thresholds were not deter- 
mined, improvements in aided vs unaided responses 
were clearly demonstrated by the authors, Rapin 
and Graziani.’ 


The advantages provided by measuring the early 
auditory brainstem responses (ie, low sensitivity to 
drugs’? and close coincidence with behavioral 
thresholds) carry over to the measurement of aided 
resporses. However there is one potential problem 
area associated with the aided ABRs: the contami- 
nation ef recorded electrophysiological potentials 
by electromagnetic artifacts originating from pro- 
longed “ringing” of the hearing aid by the transients 
utilized as stimuli. Clicks are brief enough and pro- 
duce relatively little ringing (Fig. 1) to avoid this 
problem. When utilizing tone pips especially with 
powerful high gain aids, ringing lasting up to 20 ms 
was observed. Work is underway at present toward 
a solution of this problem. 


Additional issues to be considered are changes in 
the frequency spectrum and temporal characteris- 
tics of the stimulus which may be introduced by 
specific hearing aids. Some examples are illustrated 
in Figures 1 and 2. Knowing the temporal modifica- 
tions of tne signal introduced by the hearing aid is 
relevant if one desires to measure the latencies of 
the aided responses, in order to specify an appropri- 
ate time reference. Knowing the modifications in 
the frequency spectrum of the stimulus will become 
more relevant with utilization of frequency-specific 
stimuli such as low frequency tone pips currently in 
use im brainstem audiometry.*:*!!:2 


Since brainstem responses elicited by clicks re- 
flect hearing sensitivity in the range of 2,000-4,000 
Hz as a rule, this procedure provided information 
on the effects of amplification in that frequency 
range. Figure 5 illustrates among others the effect 
of turning up the variable gain control of the hear- 
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ing aid (case 3) on the aided response. While wave 
V increased in amplitude, it failed to menifest the 
decrease in latency usually associated w:th an in- 
crease in click intensity. An increase in click intensi- 
ty brings about an increase in the veloc:ty of the 
traveling wave, the result being an activation of 
higher frequency basal regions. This fact and a de- 
creased latency in synaptic transmission at higher 
stimulus intensities account for the inverse relation- 
ship between wave V latency and stimulus intensi- 
ty." The absence of this phenomenon in case 3 is 
probably due to hair cell damage in the basal high 
frequency region of the basilar membrane, which 
ruled out a response from this region. 


The technique described in this communication 
has proved to be easy to use and successful with 
youngsters as long as the stimuli utilized were 
clicks, the patients remained motionless, preferably 
asleep, and provided that the earmolds were of 
good quality to avoid feedback. There are no more 
problems associated with this procedure than rou- 
tinely encountered with brainstem audiometry. The 
four cases presented here are typical cases with 
some residual hearing where effectiveness of ampli- 
fication could be demonstrated. They demonstrate 
that this procedure has the potential to assist in the 
early selection of suitable amplification and in 
predicting the feasibility of amplification. 
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Changes in clinical condition in 51 seasonal 
allergic rhinitis patients originally presenting 
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to overall improvement in clinical condition, 
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romethane) with oleic acid. Each canister contains beclomethasone dipropionate-trichloromonotiuoromethane clathrate 
having a-molecular proportion of beclomethasone dipropionate to trichloromonofluoromethase between 3:1 and 3:2. Each 
actuation delivers from the nasal adapter a quantity of clathrate equivalent to 42 mcg of beclcnethasone dipropionate, USP 
The contents of one canister provide at least 200 metered doses 


CLINICAL PHARMACOLOGY Beclomethasone 17.21-dipropionate is a diester of beclomethasone. a synthetic corticoste- 
roid which is chemically related to dexamethasone. Beclomethasone differs from dexamethasone only in having a chlorine at 
the 9-alpha position in place of a fluorine. Animal studies showed that beclomethasone dipropionate has potent glucocorti- 
coid and weak mineralocorticoid activity. 


The mechanisms for the anti-inflammatory action of beclomethasone dipropionate are unknoven. The precise mechanism of 
the aerosolized drug's action in the nose is also unknown. Biopsies of nasal mucosa obtained curing clinical studies showed 
no histopathologic changes when beclomethasone dipropionate was administered intranasally 


The effects of beclomethasone dipropionate on hypothalamic-pituitary-adrenal (HPA) function lave been evaluated in adult 
volunteers by other routes of administration. Studies are currently being undertaken with bec-omethasone dipropionate by 
the intranasal route, which may demonstrate that there is more or that there is less absorption by this route of adminis- 
tration. There was no suppression of early morning plasma cortisol concentrations when beclomethasone dipropionate was 
administered in a dose of 1000 mcg/day for one month as an oral aerosol or for three day: by intramuscular injection 
However, partial suppression of plasma cortisol concentration was observed when beclomethasane dipropionate was admin- 
istered in doses of 2000 meg/day either by oral aerosol or intramuscularly. Immediate suppression of plasma cortisol 
concentrations was observed after single doses of 4000 mcg of beclomethasone dipropionate. Suppression of HPA function 
(reduction of early morning plasma Cortisol levels) has been reported in adult patients who recewed 1600 mcg daily doses of 
oral beclomethasone dipropionate for one month. In clinical studies using beclomethasone dipropionate intranasally, there 
was no evidence of adrenal insufficiency. 


Beclomethasone dipropionate is sparingly soluble. When given by nasal inhalation in the form ct an aerosolized suspension, 
the drug ıs deposited primarily in the nasal passages. A portion of the drug is swallowed. Absoration occurs rapidly from all 
respiratory and gastrointestinal tissues. There is no evidence of tissue storage of beclomethasone dipropionate or its 
metabolites. /n wro studies, have shown that tissue other than the liver (jung slices) can rapidly metabolize beclomethasone 
dipropionate to beclomethasone 17-monopropionate and more slowly to free beclomethasone which has very weak anti- 
inflammatory activity). However, irrespective of the route of entry the principal route of excretion of the drug and its 
metabolites is the feces. In humans. 12% to 15% of an orally administered dose of beclomethasone dipropionate is excreted in 
the urine as both conjugated and free metabolites of the drug. The half-life of beclomethasone dipropionate in humans is 
approximately 15 hours. 


Studies have shown that the degree of binding to plasma proteins is 87% 


INDICATIONS AND USAGE BECONASE Nasal Inhaler is indicated for the relief of the symptoms of seasonal or perennial 
rhinitis in those cases poorly responsive to conventional treatment 


Clinical studies have shown that improvement is usually apparent within a few days. However “ymptomatic relief may not 
occur in some patients for as long as 2 weeks. Although systemic effects are minimal at recommended doses, BECONASE 
should not be continued beyond 3 weeks in the absence of significant symptomatic improvement BECONASE should not be 
used in the presence of untreated localized infection involving the nasal mucosa 


CONTRAINDICATIONS Hypersensitivity to any of the ingredients of this preparation contraindicates its use 


WARNINGS The replacement of a systemic corticosteroid with BECONASE Nasal Inhaler can be accompamed by signs of 
adrenal insufficiency 


When transfered to BECONASE Nasal Inhaler, careful attention must be given to patients previcusly treated for prolonged 
periods with systemic corticosteroids. This is particularly important in those patients who have essociated asthma or other 
Clinical conditions, where too rapid a decrease in systemic corticosteroids may cause a severe exacerbation of their 
symptoms 


Studies have shown that the combined administration of alternate-day prednisone systemic treatment and orally inhaled 
beclomethasone increase the likelihood of HPA suppression compared to a therapeutic dose of ether one alone. Therefore 
BECONASE treatment should be used with caution in patients already on alternate day prednisone egimens for any disease 


PRECAUTIONS General: During withdrawal from oral steroids. some patients may experience-symptoms of withdrawal 
eg.. joint and/or muscular pain, lassitude, and depression 


In clinical studies with beclomethasone dipropionate administered intranasally, the development o* localized infections of the 
nose and pharynx with Candida albicans has occurred only rarely. When such an infection develops it may require treatment 
with appropriate local therapy or discontinuance of treatment with BECONASE Nasal Inhaler 


Beclomethasone dipropionate is absorbed into the circulation. Use of excessive doses of BECCNASE Nasal Inhaler may 
Suppress HPA function. 


BECONASE should be used with caution. if at all. in patients with active or quiescent tuberculous insections of the respiratory 
tract. or in untreated fungal, bacterial, systemic viral infections or ocular herpes simplex 


Because of the inhibitory effect of corticosteroids on wound healing, patients who have experienced recent nasal septal 
ulcers. nasal surgery, or trauma should not use a nasal corticosteroid until healing has occurred 


Although, systemic effects have been minimal with recommended doses. this potential increases with excessive doses 
Therefore. larger than recommended doses should be avoided 


Information for Patients: Patients should use BECONASE Nasal Inhaler at regular intervals sace its effectiveness de- 
pends on its regular use. The patient should take the medication as directed. It is not acutely effective and the prescribed 
dosage should not be increased. Instead nasal vasoconstrictors or oral antihistamines may be n-eded until the effects of 
BECONASE Nasal Inhaler are fully manifested, One to two weeks may pass before full relief is obtained. The patient should 
contact the doctor if symptoms do not improve, or if the condition worsens, or if sneezing or nasalirritation occurs. For the 
proper use of this unit and to attain maximum improvement. the patient should read and follow the accompanying Patient's 
Instructions carefully 
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Carcinogenesis, is, Impairment of Fertility: Treatment of rats for a total of 95 weeks, 13 weeks by 
inhalation and 82 weeks by the oral route, resulted in no evidence of carcinogenic activity Mutagenic studies have not been 
performed 


impairment of fertility, as evidenced by inhibition of the estrous cycle in dogs, was observed following treatment by the oral 
route. No inhibition of the estrous cycle in dogs was seen following treatment with beclomethasone dipropionate by the 
inhalation route. 


Pregnancy Category C: Like other corticoids, parenteral (subcutaneous) beclomethasone dipropionate has been shown 
to be teratogenic and embryocidal in the mouse and rabbit when given in doses approximately ten times the human dose. In 
these studies, beclomethasone was found to produce fetal resorption, cleft palate, agnathia, microstomia, absence of tongue, 
delayed ossification, and agenesis of the thymus. No teratogenic or embryocidal effects have been seen in the rat when 
beclomethasone dipropionate was administered by inhalation at 10 times the human dose or orally at 1000 times the human 
dose. There are no adequate and well-controlled studies in pregnant women. Beclomethasone dipropionate should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus 


Nonteratogenic Effects: Hypoadrenalism may occur in infants born of mothers receiving corticosteroids during preg- 
nancy. Such infants should be carefully observed 


Nursing Mothers: it is not known whether beclomethasone dipropionate is excreted in human milk Because other corti- 
costeroids are excreted in human milk. caution should be exercised when BECONASE Nasal Inhaler is administered to 
nursing women 


Pediatric Use: Safety and effectiveness in children below the age of 12 years have not been established 


ADVERSE REACTIONS In general, side effects in clinical studies have been primarily associated with the nasal mucous 
membranes 


Adverse reactions reported in controlled clinical trials and long term open studies in patients treated with BECONASE are 
described below. 


Sensations of irritation and burning in the nose (11 per 100 patients) following the use of BECONASE Nasal Inhaler have been 
reported Also. occasional sneezing attacks (10 per 100 patients) have occurred immediately following the use of the in- 
tranasal inhaler 


Localized infections of the nose and pharynx with Candia albicans have occurred rarely (See PRECAUTIONS) 


Less than 2 per 100 patients reported transient episodes of bloody discharge from the nose 


Ulceration.of the nasal mucosa has been reported rarely. Systemic corticosteroid side effects were not reported during the 
controlled clinical trials. If recommended doses are exceeded, however, or if individuals are particularly sensitive, symptoms 
of hypercorticism, i.e.. Cushing's syndrome, could occur 


DOSAGE AND ADMINISTRATION 401/15 and Children 12 years of age and over the usual dosage ıs one inhalation (42 mcg) in 
each nostri! two to four times a day (total dose 168-336 mcg/day). Patients can often be maintained on a maximum dose of 
one inhalation in each nostril three times a day (252 mcg/day) 


in patients-who respond to BECONASE Nasal Inhaler, an improvement of the symptoms of seasonal or perennial rhinitis 
usually becomes apparent within a few days after the start of BECONASE Inhaler therapy 


The therapeutic effects of corticosteroids, unlike those of decongestants are not immediate. This should be explained to the 
patient in advance in order to ensure Cooperation and continuation of treatment with the prescribed dosage regimen 


BECONASE Nasal Inhaler is not recommended for children below 12 years of age 


In the presence of excessive nasal mucus secretion or edema of the nasal mucosa, the drug may fail to reach the site of 
intended action. In such cases it is advisable to use a nasal vasoconstrictor during the first two to three days of BECONASE 
Nasal Inhaler therapy 


Directions for Use: Illustrated patient instructions for proper use accompany each package of BECONASE Nasal Inhaler 


CONTENTS UNDER PRESSURE. Do not puncture. Do not use or store near heat or open flame. Exposure to temperatures 
above 120°Fanay cause bursting. Never throw container into fire or incinerator. Keep out of reach of children 


OVERDOSAGE When used at excessive doses, systemic corticosteroid effects such as hypercorticism and adrenal suppression 
may appeanelf such symptoms appear, the dosage should be decreased. The oral LD,, of beclomethasone dipropionate is 
greater than 1 g/kg in rodents. One canister of BECONASE contains 8.4 mg. of beclomethasone dipropionate, therefore acute 
overdosage is unlikely. 


HOW SUPPLIED BECONASE Nasal Inhaler. 16.8 g canister: box of one. Supplied with nasal adapter and patient's instruc- 
tions; (0173-0336-88) 8 81 


Store between 2° and 30°C (36° and 86°F). 
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Schwannomas arising in the nasal cavities and paranasal sinuses are rare en ities, with only sporadic cases appearing in the world 
literature. The lesion most commonly arises in the ethmoid and maxillary simases, with two cases having been reported in the sphenoid 
sinus. There are no reported cases of frontal sinus schwannoma. Four illustrative cases are presented which demonstrate the clinical 
features. The radiological investigation should include plain films and an‘=ro>osterior and lateral polytomography. Computerized 
tomography appears to be useful in planning surgery. An operative approach is proposed which emphasizes a meticulous and complete 
removal of the lesion with preservation of adjacent structures and repair of amy resultant dural defect. 


INTRODUCTION 


Schwannomas occurring in the head and neck are 
not uncommon with 25-35% of all reported 
schwannomas being found in this region.'? By con- 
trast, involvement of the nose and paranasal sinuses 
is quite rare, with only sporadic cases having been 
reported in the world literature.” Though the lesion 
is rare, schwannoma is still the most common of the 
peripheral nerve tumors occurring in the upper re- 
spiratory tract.’ 


Schwannomas are tumors of nerve sheath origin,” 
the lesion being derived from the Schwann cell sur- 
rounding neural tissue. In the nose and paranasal 
sinuses, these tumors arise from intranasal nerves, 
the ophthalmic and maxillary branches of the tri- 
geminal nerve, and branches of the autonomic ner- 
vous system; the olfactory nerve is excluded from 
consideration as a site of origin as it contains no 
Schwann cells.* At the time of surgery, the nerve of 
origin is usually not identifiable. 


Verocay described a nerve sheath tumor in 1908 
which he believed was derived from the Schwann 
cell and possibly of ectodermal origin; in 1910, he 
termed the lesion a neurinoma. In 1920. Antoni 
further elucidated the histopathology when he re- 
ported the two characteristic histologic forms: the 
palisading (compact stroma) type A pattern and the 
whorling (loose fiber) type B pattern’ (Fig. 1A, B). 
Terplan and Rudofsky reported the first docu- 
mented neurinoma involving the left nasal cavity 
and ethmoid sinuses in 1926.° 


There are discrepancies in the reported preva- 
lence of this lesion. This is undoubtedly due to con- 
fusion over terminology and the etiological classifi- 
cation of these tumors as evidenced by the variety of 
names used to refer to this lesion in the past. 


Though the terms neurinoma, neuroma, neurolem- 
moma, and neurilemmoma have all been used syn- 
onymously with schwannoma, the correct designa- 
tion ef this lesion based on histological and etymo- 
logical criteria is schwannoma.” The terms neurin- 
oma or neuroma, which are often used in connec- 
tion with lesions of the internal auditory canal, are 
incorrect, as these lesions should by definition con- 
tain all elements of a nerve such as is found in a 
traumatic neuroma.’ The precise and correct term 
is schwennoma. 


Kragt et al reported 152 peripheral nerve tumors 
of the head and neck region at the Mayo Clinic; on- 
ly 5 cf these cases involved the nose and antrum.® A 
review cf 176 cases of head and neck schwannomas 
occurtirg over a 10-year period at the Massachu- 
setts Eye and Ear Infirmary and Massachusetts 
Gene~al Hospital revealed 148 internal auditory 
canal lesions. Twenty-eight other cases arose from 
other nerves in the jugular foramen, gasserian 
ganglior area, parasellar region, retrobulbar space, 
facia’ canal, parapharyngeal space, pterygomax- 
illary space, nasal fossa, oral cavity, forehead and 
mandibk.’ In 1972, Iwamura et al reviewed the 
world licerature and found 45 cases of schwanno- 
mas of tie nasal fossa and paranasal sinuses, with 7 
occurrimg in the nasal cavity, 5 in the maxillary 
sinus. and 33 in the nose and ethmoid sinuses.'° 
Robitail e et al critically reviewed the literature in 
1975 and felt that only 13 of those cases could be 
substant.ated as schwannoma based on available 
data.“ Only one of their cases was associated with 
von Recxlinghausen’s disease. To date, there have 
been only two reported cases of sphenoid sinus 
schwenroma while none have been described in the 
frontal s nuses.'? 


Schwennomas are most often slow growing be- 
nign tun ors; however, malignant variance does oc- 


From the Department of Otolaryngology, Harvard Medical School and the Massacouse-ts Eye and Ear Infirmary, Boston. 
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REPRINTS — William W. Montgomery, MD, Massachusetts Eye and Ear Infirmary 248 Charles-Street, Boston, MA 02114. 
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Fig. 1. A) Antoni type A pattern demonstrating 
palisading compact stroma. B) Antoni type B pattern. 
Note whorling loose fiber arrangement and respiratory 
epithelium (arrows). (H & E, x100) 


cur. Ghosh et al reviewed 115 cases of malignant 
schwannoma." Sixteen of these malignant tumors 
were found in the head and neck region with 30% 
being associated with von Recklinghausen’s disease. 
The relationship with von Recklinghausen’s disease 
carried a poor prognosis with a 5-year survival of 
30% compared to an overall 5-year survival of 
65.7%. 


These tumors, whether benign or malignant, are 
radio-resistant with complete surgical resection be- 
ing the prime mode of therapy.'' The prognosis is 
excellent if the tumor is completely removed.” "' 


Presented are four cases of schwannomas involv- 
ing the paranasal sinuses which demonstrate the 
clinical features. The radiologic investigat on and 
operative approach are discussed in detail. 


CASE REPORTS 


Case 1. A 16-year-old female complained of left nasal obstruc- 
tion following an automobile accident eight years previously with 
progressive obstruction for three months prior to admission. Two 
years prior to admission the patient began to experience intermit- 
tent facial pain in the left molar and periorbital regicns which 
had also increased in frequency and severity. There was 0 history 
of visual loss, diplopia, dental pain, facial paresthesias or 
epistaxis. Physical examination revealed a smooth mass in the left 
upper nasal vault and ethmoid areas. 





Fig. 2. (Case 1) Coronal polytomography showing large 
lesion involving the left maxillary sinus, extending into the 
left ethmoid sinus and nasal cavity. Note the eggshell thin- 
ning with no bony destruction (arrows). 


Initial evaluation by a referring otolaryngologist included sinus 
plain films which showed a 6 cm diameter mass involving the left 
ethmoid and maxillary regions, displacing bone. This lesion was 
thought to be slowly expansile rather than a bony destructive pro- 
cess. Biopsy of the nasal mass by the referring physician revealed 
probable plexiform neurofibroma. Following polytomography of 
the sinuses (Fig. 2), the lesion was excised through a left Caldwell- 
Luc approach with a Denker extension and a left lateral rhino- 
tomy/external ethmoidectomy. A soft yellow mass filled the entire 
left maxillary sinus and extended into the left nasal cavity, 
ethmoid sinus and pterygomaxillary fossa. The postoperative 
course was uncomplicated. There was no recurrence at three 
years. Final histological diagnosis was schwannoma of the left 
maxillary sinus. 


Case 2. A 40-year-old female complained of progressive right 





Fig. 3. (Case 2) Coronal polytomography demonstrating 
mass in right nasal cavity. Note the extreme displacement 
of nasal septum (arrows). A - Lamina papyracea. 
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Fig. 4. (Case 3) A) Coronal polytomography showing lesion filling left nasal cavity with extension into ethmoid sinus. B) 
Axial CT scan demonstrating lesion in left posterior nasal cavity. 


nasal obstruction with clear rhinorrhea, associated with right in- 
ner canthus and nasal labial fold swelling for nine months. She 
denied facial pain or paresthesia, visual loss, or epistaxis. Physical 
examination revealed expansion of the right inner canthus and 
nasal labial fold regions. Intranasal examination revealed a hard. 
rubbery, smooth, polypoid mass causing expansion of the right 
nasal cavity with protrusion into the right choana There were no 
neurological deficits. Following plain films and polytomography 
of the sinuses (Fig. 3), the lesion was excised through a right 
lateral rhinotomy/external ethmoidectomy approach. A large (10 
x 10 x 5 cm) tumor arose from the roof of the right ethmoid 
labyrinth and completely filled the right nasal cavity displacing 
the septum to the left. The maxillary and sphenoid sinuses were 
free of the tumor. The postoperative course was uneventful. The 
patient was symptom-free with good cosmesis and no recurrence 
at four years. Final histological diagnosis was schwannoma, right 
ethmoid sinus. 


Case 3. A 41-year-old male complained of progressive left nasal 
obstruction of 2 years’ duration. He denied facial pain or 
paresthesias, visual loss, diplopia or epistaxis. There was no 
history of trauma or sinusitis. Physical examination revealed a 
rubbery, grey-white mass filling almost the entire posterior left 
nasal cavity arising from the roof, and protruding into the left 
choana. 


Following plain films, polytomography and computerized to- 
mography of the sinuses (Fig. 4A, B), a biopsy of the left posterior 
nasal cavity was performed and revealed schwannoma. The tu- 
mor was excised through a left lateral rhinotomy approach with 
external ethmoidectomy. The lesion measured approximately 2.5 
cm in diameter arising low in the ethmoid complex, and filled the 
posterior left nasal cavity and posterior ethmoid cells. The front 
wall of the sphenoid sinus was eroded with some extension of 
tumor into it. 


The postoperative course was uneventful and there was no re- 
currence at 18 months. Final histological diagnosis was schwan- 
noma, left ethmoid sinus (Fig. 1A, B). 


Case 4. A 36-year-old female reported gradually increasing 
right nasal obstruction over a 3-year period. She denied facial 
pain, fever, visual symptoms or paresthesias. 


Initial examination revealed a large polypoid mass filling the 
right nasal cavity, originating high in the vault and extending 
posteriorly. There was crusting of the lesion with slight purulent 


debris suggestive of a low grade secondary infection. She was 
treated with an appropriate antibiotic and was reexamined two 
weeks later at which time it was noted that the infection had sub- 
sided; however, the mass was unchanged in size. The antibiotics 
were discontinued but a few days later there was an abrupt onset 
of right eyelid swelling and discoloration. It appeared that the 
superinfection had recurred and that the lid swelling was secon- 
dary to ethmoid sinus obstruction by the lesion. Antibiotics were 
therefore reinstituted and thereafter there was rapid resolution of 
the lid-swelling and infection but the mass remained unchanged 
in size. 


Routine sinus films, polytomography and computerized axial 
tomography revealed a lesion high in the nasal vault impinging 
onto the cribriform plate (Fig. 5A, B). There was no bony de- 
s*ruction or intracranial extension. 


Biopsy of the right nasal mass was performed as an outpatient 
precedure by the referring physician. The lesion was noted to 
arise nigh in the nasal vault in the area of the cribriform plate and 
to extend laterally into the ethmoid cells. Excisional biopsy was 
performed by means of a snare technique to achieve a tissue diag- 
nosis, promote drainage and to improve the airway. 


The histological diagnosis was schwannoma. The patient did 
well thereafter and in follow-up there was no mass noted in the 
right nasal cavity, although a remnant of the lesion was noted to 
persist high in the nasal vault. 


The definitive surgery was performed through a right lateral 
rhinotomy/external ethmoidectomy approach. The lesion mea- 
sured 2.5 cm in diameter and arose high in the ethmoid labyrinth 
off -he cribriform plate approximately 1 cm anterior to the sphe- 
noid sinus (Fig. 6). The lesion had pushed the ethmoid cells later- 
ally and was abutting the perpendicular plate of the ethmoid. 
The tumor was dissected off of the roof of the ethmoid labyrinth 
and was found to be attached by a stalk protruding through the 
dura at the junction of the middle turbinate and roof. Excision of 
this stalk left a small dural defect with a CSF leak. Frozen sections 
of a small portion of tissue which protruded through the dural de- 
fect revealed glial tissue. The dural defect was repaired with a 
lateral nasal wall mucosal flap, with no further leak noted. 


The postoperative course was uneventful and there was no 
recurrence at 12 months. Final histological diagnosis was schwan- 
nema, right ethmoid sinus. 
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Fig. 5. (Case 4) A) Coronal polytomogram showing lesion high in nasal vault with impingement onto cribriform plate. 


Arrow - Crista galli. B) Axial CT scan showing lesion high in nasal vault (ar-ow) 


DISCUSSION 


Schwannomas of the paranasal sinuses are ex- 
ceedingly rare and have no predilection for age, sex, 
or race.'™? These lesions are similar to other 
neurogenic tumors of the paranasal sinuses in bro- 
ducing varying signs and symptoms depending 
upon the involved anatomic site, nerve of origin 
and/or compression of adjacent nerves. Robitaille et 
al found that epistaxis was often associated witt le- 
sions of the ethmoid sinus and nasal fossae, while 
pain was more common with maxillary sinus tu- 
mors.’ Epistaxis did not occur in the clinical 





Fig. 6. (Case 4) Right lateral rhinotomy/external 
ethmoidectomy approach. Note lesion (tip of instrument) 


over cribriform plate region. 


presentation of any of our patients while nasal ob- 
struction (9 months - 8 years) was the most common 
presenting complaint. Schwannomas of the sphe- 
noid sinus may be associated with symptoms of di- 
plopia (secondary to deficits of cranial nerves III, 
IV, VI) and deep retroorbital and/or occipital, 
frontal and bitemporal pain.'? Symptoms of hypo- 
pituitarism may be evident if the lesion extends pos- 
teriorly to the hypophysis. Other common but less 
specific presenting signs and symptoms of paranasal 
sinus schwennomas are nasal airway obstruction, 
hyposmia, mucopurulent rhinorrhea, exophthalmos 
and facial swelling. 


Nasal-eth noid involvement by the lesion is most 
frequent, fcllowed by maxillary sinus, intranasal 
and sphenoid sinus.? Our series showed a similar 
pattern with three nasal-ethmoid and one nasal- 
maxillary lesion. All of our patient’s lesions were 
solitary tumors first presenting as a unilateral nasal 
mass. They were accordingly evaluated with the 
usual suspicion and caution. The tumor which pre- 
sents as a nasal mass or polyp may clinically resem- 
ble an angiofibroma or fibrotic nasal polyp.?? The 
lesion should also be differentiated from mucocele, 
ossifying fibroma, ameloblastoma, dentigerous cyst 
and other mesenchymal tumors.’ 


Schwannomas characteristically expand and thin 
the bony confines of cavities or foramina in the 
facial and paranasal sinus regions due to their slow 
growth.’ These findings may be evident on plain 
films; however, laminography (A-P and lateral 
views) or com duterized tomography are superior in 
delineating enlargement of these spaces.” Com- 
puterized tomography may reveal the soft tissue 
component of the lesion in regions where no air in- 
terface exists, such as the orbit, intracranial cavity, 
pterygomaxillary space and temporal fossa.? The 
demonstration of intracranial extension or proximi- 


PARANASAL SINUS SCH VWANNOMAS 69 


ty to the meninges by these techniques is most help- 
ful in planning surgery, as removal of the tumor 
may result in a dural defect with CSF leak. Angi- 
ography is frequently performed to differentiate 
schwannoma from vascular lesions such as chemo- 
dectoma or meningioma which may clinieally mim- 
ic them.’ Enlargement of a vascular schwannoma 
may result in areas of cystic degeneration as the 
tumor outgrows its blood supply. 


Schwannomas are occasionally richly vascularized 
and biopsy may therefore be complicated by severe 
bleeding in similarity to biopsy of an angiotibroma.”"! 
This complication did not occur in the three of our 
patients who were biopsied and the confirming his- 
tological diagnosis in two of them was helpful in 
planning surgery. Calcaterra et al contend that 
unless a vascular network consistent with angiofi- 
broma is seen with angiography, a transnasal biop- 
sy using biting forceps to obtain a small amount of 
tissue should be performed before definitive 
surgery.’? 


The definitive treatment of paranasal sinus 
schwannoma is complete surgical excision or, at 
least, decompression, due to the slow growth char- 
acteristic of this lesion. Radiotherapy should be re- 
served for palliation with malignant tumors or 
when surgery is impossible.'? The operative ap- 
proach should emphasize wide exposure with iden- 
tification and preservation of adjacent structures. 
Lesions of the nasal fossa and ethmoid sinuses 
should be excised through a lateral rhinotomy/ex- 
ternal ethmoidectomy approach with preservation 
of the infraorbital nerve and lacrimal apparatus. 
Maxillary sinus schwannomas may be approached 


throwch a Caldwell-Luc incision, with Denker ex- 
tension if necessary. If the lesion is large or extends 
inte tie nose, ethmoid sinus or pterygomaxillary 
fossa, the addition of a lateral rhinotomy and/or ex- 
terazl ethmoidectomy may prove helpful. Calcater- 
ra 2 al believe that the nonmalignant sphenoid 
sinas :chwannoma should be removed by an extra- 
eran l approach if possible, which offers less mor- 
bidity and wider exposure than the transcranial 
route? They suggest a transantral approach with 
latera eccentric extension for such lesions. They did 
not believe that base of skull erosion with mild-to- 
moxde-ate extension into the middle cranial fossa 
was a contraindication to this approach. However, 
mare extensive intracranial involvement necessi- 
tates an extradural craniotomy approach initially, 
fol.cawred by a transantral excision at the same sit- 
ting i` the dura is not opened.” Here too, lateral 
rhm» omy and transethmoid modifications may be 
utiized depending upon tumor extent. When the 
tume: cannot be completely enucleated, decom- 
presion may be attempted and repeated if symp- 
toms ecur. 


“scision of any ethmoid or sphenoid sinus 
sckwennoma may result in a dural defect with a 
C% eak. An increased index of suspicion of this 
com> ication occurring may be derived from the le- 
sions position as demonstrated by laminography 
and computerized tomography. If this complication 
is anticipated, fluorescein dye solution may be in- 
jectec intrathecally preoperatively to facilitate 
de e ion of small dural defects created by tumor 
removal. A dural defect resulting from excision of a 
schwannoma should be repaired by the appropriate 
nascs>ptal mucosal flap well described elsewhere. '* 
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HUMORAL AND CELL-MEDIATED IMMUNITY IN PERIPHERAL 
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Serum levels of specific IgG and the sensitization of peripheral blood T-lymphocytes were measured in guinea pigs after single-dose 
antigenic sensitization by two routes: intratympanic and iatradermal injection. Keyhole limpet hemocyanin (KLH) served as the antigen. 
Intratympanic injection of antigen resulted in much lower levels of circulating anti- KLH IgG than intradermal injection. When KLH was 
conjugated with alum to produce nonspecific inflammation and serve as an adjuvant, the intratympanic route was considerably enhanced, 
but remained much less effective than the intradermal route. Development of an IgG response was also somewhat less rapid following in- 
tratympanic than following intradermal administration. Marked sensitization of circulating T-lymphocytes was seen after intradermal in- 
jection of alum-precipitated KLH. A much weaker, though still positive, response was seen after intradermal injection of KLH alone and 
with the intratympanic injection of alum-precipitated KLH. No T-lymphocyte sensitization could be detected after intratympanic injec- 
tion of KLH alone. It was concluded that the afferent limb of both humoral (IgG) and cell-mediated immunity was operative in the middle 
ear. Therefore, the middle ear does not represent an immunologically “privileged” site. On the other hand, the afferent limb from the mid- 
dle ear appears to operate less effectively and rapidly than that from the dermis. This observation is consistent with observations in other 


mucosal systems. 


INTRODUCTION 


Immune responses in the middle ear (ME) are 
recognized to be an important factor in host de- 
fences against infection at this site.'-? Deficiencies 
in immune response have been postulated as con- 
tributing to the susceptibility of ME to infection 
early in life.** It has also been hypothesized that 
immune responses are a factor in the pathogenesis 
of such diseases of the ME as serous otitis media®’ 
and tympanosclerosis.® 


Our understanding of the role of immunity in ME 
disease is hampered by the paucity of information 
available concerning immune responses at this site. 
Kastenbauer’ found that previous sensitization of 
animal subjects with a skin graft enhanced the later 
rejection of incus homografts from the ME. Stewart 
and Helsop'® detected specific, circulating an- 
tibodies after injection of allogeneic lymphocytes in 
the ME of animal subjects. Both of these studies 
demonstrate the existence of immune response to 
antigens placed in the ME. However, neither at- 
tempted to quantify immune responses or document 
their kinetics. The contributions of humoral versus 
cell-mediated immunity to ME immune responses 
are also unexplored. 


As part of a series of experiments to characterize 
immunity at this site, we have assessed the systemic 
immune response to neoantigenic stimulation on the 
ME. Both humoral and cell-mediated responses 
were explored. 


METHODS 


Forty-five Hartley guinea pigs (200-400 g) served as subjects. 
The absence of ME pathology was assured by otoscopic observa- 
tion and the presence of a normal Preyer reflex. 


Keyhole Limpet Hemocyanin (KLH). KLH was purchased 
from Pacific Biomarine Supply Co., Venice, Calif, as an ammoni- 
um sulfate precipitate. The slurry was dialyzed extensively 
against phosphate-buffered saline (PBS) pH 7, then centrifuged at 
4 C for 30 minutes at 1478 times gravity (XG). The supernatant 
was removed and recentrifuged at 37,000XG for 120 minutes. 
The precipitate was redissolved in PBS pH 6.4, filtered through 
0.45 » Millipore® filter, and stored at 4 C. KLH was found to be 
in the associated form on ultracentrifuge analysis. Associated 
KLH was used for immunization and in the lymphocyte transfor- 
mation assay (1-10 pg/ml). The supernatant was unassociated 
KLH and was used as the antigen in the radioimmunoassay 
(RIA). 

Alum precipitate was prepared using 10 mg KLH/ml. Ten per- 
cent AlKSO, was added dropwise to 1:2.5 by volume. Then 1N 
NaOH was added dropwise until pH 6.2 was reached. After incu- 
bation at room temperature for 30 minutes the suspension was 
centrifuged at 2300XG for 30 minutes, washed with cold saline 
twice, and resuspended in saline at 1 mg/0.1 ml. 


Gamma Imaging. In order to document the fate of antigen in- 
troduced into the ME, associated KLH was labeled with '*'I. Lac- 
toperoxidase was bound onto Sepharose® beads. Washed lacto- 
peroxidase beads were added to 1 aCi '*'I, in the presence of 5 mg 
of associated KLH, 1x10°*M KI and 5x10°°M H,0O,. The solution 
was rotated for 30 minutes at 21 C. Unreacted '*'I and beads were 
removed by passage through a P10 column (Pharmacia, Piscata- 
way, NJ). Four guinea pigs were injected with labeled associated 
KLH and four subjects with labeled KLH as an alum precipitate. 
As controls, three guinea pigs were injected with a solution of 
Na''I in normal saline. Two animals were injected with Na''I 
solution postmortem. The distribution of the injected material 
was then monitored on a gamma camera for as long as activity ex- 


ceeded background. 
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Experimental Plan. The remaining 32 subjects were divided in- 
to four equal groups. The first group was injected with 1000 yg of 
KLH intradermally (group ID). The second group received 1000 
ug of KLH as an alum precipitate by intradermal injection (group 
IDA). The third group received 1000 ng of KLH by injection 
through the tympanic membrane (group IT), while the fourth 
group received 1000 yg of alum precipitated by KLH in intratym- 
panic injection (group ITA). 


At weekly intervals, beginning with the first week following 
administration of KLH, 3 ml of whole blood was centrifuged 
(1800 RPM, 7 minutes) to obtain plasma for immunoglobulin as- 
say. Plasma was stored at — 70 C. At the eighth week following 
KLH injection, 10-15 ml of whole blood was obtained and cells 
were harvested for a lymphocyte proliferation assay T-cell sen- 
sitization. 


Anti-KLH Antibody Assay. Levels of anti-KLH IgG in plasma 
samples were measured using an immunofiltration technique de- 
scribed in detail by Cleveland et al''* using a 96-well filter mani- 
foldt in a solid-phase RIA. The assay is described schematically in 
Figure 1. Briefly, unassociated KLH (25 yg in 2 pl) was dried on 
each filter disc by 10 minutes of vacuum aspiration, which was 
found to bind 63% (+1%) of the KLH to the filter paper round. 
The filters were then rehydrated and washed six times with 300 „l 
of 0.3% gelatin, 0.01M PBS, pH 7.4 (gel buffer). Fifty microliters 
of control or immune serum diluted in gel buffer containing 1% 
bovine serum albumin (BSA) and 10% fetal calf serum (FCS) 
were added to triplicate filters containing KLH, and to triplicate 
filters without KLH, and incubated for two hours at 37 C. The 
serum was aspirated and the filters washed three times. Of the 
previously bound KLH, 74% (+ 1%) remained on the filter. Fifty 
microliters of rabbit antiguinea pig IgG (Cappel). "I-labeled as 
described for KLH, was added to each filter and incubated for 
two hours at 37 C. The unbound '**I antiglobulin was then aspir- 
ated and the filters washed three times. Of the bound KLH, 72% 

*Clevelamd PH, Rickman DD, Oxman MN, et al. A rapid and simplified 
radioimmunoassay for soluble and small particulate antigens using a filter 
manifold. J Anat Biochem 1981. Submitted for publication. 

tV&P Enterprises, San Diego, Calif. 
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(+3°-) remained on the filter. The filters were then gamma- 
counted to measure the amount of bound '**I antiglobulin. Non- 
specine binding activity, determined by the amount bound to fil- 
ters without KLH, was subtracted from the activity of the corre- 
sponcing filters with KLH to obtain KLH-specific counts. At least 
four cilutions of each serum were analyzed in triplicate to deter- 
mineserum titers. 


Biceking tests were conducted to further define the specificity 
of theassay. After drying KLH on filters as above, the filters were 
incubated for 90 minutes with 50 yl of rabbit anti-KLH (Cappel), 
rinsee three times and incubated with serum of a guinea pig 
know to have a high anti-KLH titer. Bound guinea pig anti- 
KLH IgG was then measured by our standard assay. A second 
block ng test to determine specificity for guinea pig immunoglob- 
ulin was conducted by inserting in the standard assay an incuba- 
tion with 50 yl of unlabeled rabbit antiguinea pig IgG after the 
test serum incubation and before incubation with '*5I-labeled rab- 
bit artiguinea pig IgG. 


Toconvert counts per minute to micrograms per milliliter, the 
sensit-vity of each batch of "I-labeled rabbit antiguinea pig IgG 
was measured. Unlabeled rabbit antiguinea pig IgG was dried on 
filter-paper, washed six times with gel buffer and incubated for 
one hour with various concentrations of guinea pig IgG (Cappel). 
Fifty microliters of '**I-labeled rabbit antiguinea pig IgG was 
then added and incubated for two hours, rinsed three times in gel 
buffe-, dried by vacuum aspiration and counted. The sensitivity 
of the labeled rabbit antiguinea pig IgG varied from 5 to 19 
ng/50 cpm. These data were then applied to convert serum titers 
to semum levels of anti-KLH IgG, using 500 cpm as the standard. 


Im munoelectrophoresis and RIA against guinea pig IgG, IgM 
and IgA showed the Cappel rabbit antiguinea pig IgG to be 
highey specific to IgG, with a slight (2-5%) reactivity to IgA and 
no dtectable reactivity to IgM. 


Lymphocyte Transformation Assay. T-lymphocyte sensitiza- 
tion was measured using a lymphocyte transformation response in 
a microtiter assay. Six to ten milliliters of heparinized blood was 
allowed to separate by sedimentation. The buffy coat was de- 
canted, and white blood cells collected by centrifugation (1000 
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DAYS FOLLOWING ME INJECTION 


Fig. 2. Clearance of '**I from the ME, after injection as 
Nal, conjugated to associated KLH, or conjugated to 
alum-precipitated KLH. Free iodide ions are remcved 

uite rapidly, with most of the '3"] having been cleared by 

hours after injection. When conjugated to associated 
KLH, “I cleared more slowly, with detectable activity 
still present in the ME 10 days after injection. ‘I con- 
jugated to alum-precipitated KLH was still detectable in 
the ME 30 days after injection. All data points were ob- 
tained by gamma imaging the ME cavity. Each data peint 
represents four subjects, except for the Nal points which 
represent three subjects. Vertical bars indicate one stan- 
dard deviation about each mean. 


RPM for 10 minutes) and washed in F10 culture medium.* Cel] 
cultures in quadruplicate were normalized to 10° lymphocytes 
suspended in 50 ul of F10 medium enriched with 10% fetal calf 
serum; 0-50 ug/ml of KLH in 50 pl was added. Cultures were in- 
cubated in microtiter platest at 37 C in a 10% CO, atmosphere 
for six days. Eighteen hours prior to termination, 4 „Ci *H-kabeled 
thymidine in 50 4l was added. Upon termination, cells were col- 
lected on filters in an M24 cell harvesterf and washed ter times 
with PBS. Beta scintillation counting of the harvested ce ls was 
quantitated on a Searle scintillation counter (Chicago, Ill). 
Counts per second were normalized by dividing counts from 
stimulated cultures by those from cultures which were incubated 
without KLH. The resultant ratio is discussed as the stimulation 
index. 


RESULTS 


Gamma Imaging of Antigen. As illustrated in 
Figure 2, when dissolved Na'"I was injected into 
the tympanic cavity, "I moved rapidly from the 
ME, with the great majority already having been 
cleared within 12 hours of injection. Cleared radio- 
activity appeared primarily in the gut. In subjects 
injected postmortem, little or no “I moved “rom 
the ME for up to 24 hours, demonstrating that this 
clearance is an active process. 


I-labeled associated KLH left the ME at a 
much slower rate. However, within one week the 
majority of the activity had disappeared from the 
ME. As with Na™'I, cleared radioactivity appeared 
mostly in the gut. 


Labeled alum-precipitated KLH showed far less 
movement over a four-week observation period. 
The activity which was lost could not be localized to 
any particular site and was presumed to have been 
excreted. 


“Gibco, Grand Island, NY. 
tFalcon, Oxnard, Calif. 
{Biomedical Research Development Labs, Rockville, Md. 
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SERUM DILUTION 


Fig. 3. Specificity of the RIA. "I-labeled rabbit anti- 
guinea pig IgG bound to KLH after incubation with im- 
mune and control sera. All data are corrected for non- 
specific activity. No KLH-specific activity is noted in con- 
trol serum. Anti-KLH serum was obtained four weeks af. 
ter immunization with KLH as an alum precipitate in the 
dermis and showed a high degree of anti-KLH activity. 
The KLH blocking curve was generated by incubating the 
KLH-filter paper with rabbit anti-KLH prior to incuba- 
tion with the test serum. The guinea pig IgG blockin 
curve was generated by incubating the filter paper witk 
unlabeled rabbit antiguinea pig IgG, after the test serum 
incubation but before incubation with '°I-labeled rabbit 
antiguinea pig IgG. The blocking curves and control serum 
data indicate the specificity of the assay both for KLH and 
for guinea pig immunoglobulin. 
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WEEKS 


Fig. 4. Levels of anti-KLH IgG in serum during an 
eight-week period following intradermal injection of a 
single, sensitizing dose of KLH (1000 ug). IgG levels were 
determined by RIA. KLH alone (ID) is compared with 
alum-precipitated KLH (IDA). In this and in subsequent 
figures, each point represents the mean of observations 
from six subjects. Vertical bars represent one standard 
deviation of the corresponding mean. The serum samples 
from three subjects in group IDA were lost after week 6, 
which probably accounts for the sudden increase in mean 
value of serum KLH and in the standard deviation seen at 
week 7 in this group. 
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WEEKS 


Fig. 5. Level of anti-KLH in serum during an eight- 
week period following intratympanic injection of the same 
dosage of KLH employed in the intradermal groups of Fig. 
4. KLH alone (IT) is compared with alum-precipitated 
KLH (ITA). Note that the levels of anti-KLH IgG ob- 
served in serum after intratympanic injection of ELH are 
much lower than those observed after intradermal injec- 
tion of the same antigen dose, especially in group IT. The 
response also develops more slowly, with no detectable 
antibody at one week in either intratympanic group. 
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Fig. 6. Sensitization of peripheral blood T-lymphocytes 
measured eight weeks following intradermal sensitization 
with associated KLH alone (ID) and alum-precipitated 
KLH (IDA). T-cell sensitization was easiited utilizing a 
microtiter lymphocyte transformation assay. Data are nor- 
malized as the ratio of ?H-thymidine incorporation in 
stimulated and control cultures, so that a stimulation index 
of l signifies no response. The response is plotted against 
the stimulating dose of KLH used in each culture. Weak 
T-cell sensitization is observed in subjects which receive 
KLH alone. A powerful sensitization response wes seen in 
subjects which received alum-precipitated KLH. 
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fg 7. Sensitization of peripheral blood T-lymphocytes 
measure eight weeks following intratympanic sensitization 
wtk eggregated KLH alone (ID) and alum-precipitated 
KLE ʻITA). No T-cell sensitization was observed in the 
sudjecs which received KLH alone in the ME. Weak 
T-cell sensitization was observed after introduction of 
alara- >recipitated KLH in the ME. 


Speciicity of the RIA. Nonspecific binding of 
IgG =c the filter paper used in the immunofiltration 
assay was minimal and readily corrected by back- 
ground subtraction. The specificity of the assay is il- 
lustrated in Figure 3. Normal guinea pig serum 
showed no specific activity against KLH. Serum 
from the immunized animal illustrated showed a 
high csree of anti-KLH activity, saturating the as- 
say at a dilution of 1:400. The blocking curves dem- 
onstrace that it was possible to block the assay very 
effectively by covering either KLH sites or guinea 
pig gs sites with specific antiserum. 


Harioral Immune Response. The levels of anti- 
KLE measured in the sera of the intradermal 
groups of guinea pigs are illustrated in Figure 4. In 
preblee 1 samples obtained immediately before in- 
treduet on of antigen, no detectable levels of anti- 
KLE ar tibody could be demonstrated. At one week 
postim ection, anti-KLH IgG at well above back- 
groum levels was observed in group IDA. The con- 
centratzons rose rapidly between one and three 
weeks -eaching a peak of 1900 (+ 450) g/ml of anti- 
KLE m group IDA, and 500 (+ 270) ug/ml in group 
ID. 


Tae humoral response observed in the subjects 
whick -eceived KLH by intratympanic injection is 
illustmaed in Figure 5. No detectable anti-KLH IgG 
was measured in prebleed samples or at one week 
after antigen administration in either group. The 
concer ration in serum rose rapidly between two 
and three weeks in group ITA, to a peak level of 900 
(+ 259) ng/ml, and gradually declining thereafter. 
Serura -iters in group IT were detectable two weeks 
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after injection but remained low throughout the 
eight-week period, never exceeding 50-100 ng/ml. 
There was no clear peak to the IgG response. 


Cell-mediated Immune Response. Sensitization 
of T-cells to KLH was measured eight weeks postin- 
jection. This interval is sufficient to allow develop- 
ment of cell-mediated immunity as demonstrated in 
other systems’? and short enough to prevent missing 
a response by exceeding the half-life of the T-lym- 
phocyte.'? The results of the lymphocyte transfor- 
mation assay in the intradermal groups is illustrated 
in Figure 6. A weak but positive (p< 0.05) transfor- 
mation response was observed in group ID, indicat- 
ing low-level sensitization of circulating T-lympho- 
cytes. In contrast, a powerful response (p< <0.01) 
was seen in the subjects of group IDA. This indi- 
cates strong sensitization of circulating T-lympho- 
cytes in this group to KLH. 


The results of the transformation assay in -he in- 
tratympanic groups is shown in Figure 7. No detect- 
able response was observed in the subjects of group 
IT, which had received KLH alone in the ME, indi- 
cating a complete failure to sensitize circulating 
T-cells. In group ITA a weak but positive response 
(p<0.05) was observed, similar to that seen in 
group ID. 


To determine whether our failure to detect 
T-lymphocyte sensitization in group IT reflected an 
early or late development of sensitization, addi- 
tional subjects were added to this group and sam- 
pled at intervals from 4 to 19 weeks postinjection. 
No lymphocyte transformation response was seen in 
any of these subjects. 


DISCUSSION 


Three major conclusions may be drawn from the 
results of this investigation. First, it is cleer that 
both cell-mediated and humoral immune responses 
can be detected after introduction of antigen into 
the ME. That is, the ME is not an immunologically 
“privileged” site. Second, the immune responses 
detected in the circulation after ME sensit zation 
are less vigorous than that seen after introduction of 
antigen into the dermis. Third, as with other sites, 
the use of an adjuvant markedly enhances immune 
response to antigen in the ME. 


We have demonstrated both humoral and cell- 
mediated immune response after introduction of 
antigen into the ME. Therefore, the tympanic cavi- 
ty cannot be regarded as an immunologically “priv- 
ileged” site. This observation is in agreemert with 
that of Stewart and Helsop.'? They introduced 
allogeneic lymphocytes into the ME of animal sub- 
jects, and later observed specific, circulating an- 
tibodies utilizing a cytotoxicity assay. While dem- 
onstrating the existence of circulating ant: bodies 
after ME antigen introduction, Stewart and Helsop 


did not examine the kinetics of the response, nor did 
they identify the specific immunoglobulin which 
they detected. 


Our data indicate that the nature of the immune 
response to antigen in the ME is different from that 
observed when exposure occurs via a parenteral 
route. This was not an entirely unexpected result, 
given the observations which have been reported 
from other mucosal systems. Repeated application 
of antigen to the oral mucosa of unsensitized ani- 
mals has been shown to produce a relatively weak 
antibody response in serum.'*''* Application of inac- 
tivated influenza virus to the nasal mucosa also 
resulted in very low serum titer.’®’? On the other 
hand, application of formalin-activated Pseu- 
domonas aeruginosa to the nasal mucosa produced 
serum antibody levels almost as high as in paren- 
terally immunized animals.'* This may reflect an 
enhancing effect of the potent bacterial inflamma- 
tory substances for which Pseudomonas is noted, 
and is consistent with our observations with alum- 
precipitated KLH. 


Weak systemic immune response is not seen after 
application of antigen to all mucosae. Intratracheal 
application of killed influenza virus produced a 
brisk serum antibody response with maximum levels 
present within seven days.” Our data suggest that 
the ME mucosa responds in a manner more similar 
to oral and nasal mucosa than to tracheal mucosa. 


The relatively weak IgG response and absence of 
T-cell response seen after ME administration of as- 
sociated KLH may reflect the rapidity with which a 
single dosage of this antigen is cleared from the ME. 
However, antigen was present in the ME at detect- 
able levels for at least one week following injection. 
Lim"? has shown that horseradish peroxidase in- 
jected into the ME cavity is rapidly absorbed by the 
ME mucosa and can be found in draining lymph 
nodes within 30 minutes. During the week of an- 
tigen presence in the ME, apparently an insufficient 
quantity of associated KLH was absorbed by the 
mucosa and transported to draining lymph nodes to 
result in strong circulating immune responses. It 
can also be concluded that lymphocyte traffic into 
the ME and into contact with the antigen was insuf- 
ficient in the absence of inflammation to allow de- 
tectable sensitization of calculating T-lymphocytes. 
Thus the accessibility of antigen introduced into the 
ME to the lymphocytes which determine circulating 
humoral and cell-mediated immune response is rel- 
atively poor when adjuvant is not present. 


This situation is altered when KLH is conjugated 
to alum. The prolonged presence of KLH in the ME 
may contribute to enhanced immune responses. Al- 
ternatively, the inflammatory effects of alum, with 
increased vascularization and white blood cell traf- 
fic, could provide the enhancement. It seems likely 
that both factors play a role. 
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Analyses of 20 middle ear effusions and plasma fram 15 patients with serous otitis media demonstrated a marked local release of the 
granulocyte proteases, elastase, and collagenolytic neutral protease in the effusions. F urthermore, activation of C3 and complexes with an- 
tiplasmin were demonstrated. Complex formations between the granulocyte proteases and the protease inhibitors, a,-antitrypsin, 
a,-macroglobulin, and antileukoprotease were shown. A residual inhibitory capacity for a,-antitrypsin and antileukoprotease was also 


demonstrated in the middle ear effusions. 


INTRODUCTION 


The presence of granulocytes in the middle ear ef- 
fusions (MEE) of serous otitis media (SOM)'? im- 
plies phagocytosis and hence an extracellular re- 
lease of lysosomal enzymes.” If not inactivated, 
the proteolytic enzymes will cause tissue damage as 
well as activation of other enzyme systems, such as 
the complement®’ and fibrinolytic systems.* Suffi- 
cient amounts of protease inhibitors are therefore of 
importance for tissue protection and for regulating 
activation and inhibition of the enzyme systems in- 
volved in the inflammatory process. We have previ- 
ously demonstrated’ the main protease inhibitors of 
serum, a,-antitrypsin, a,-antichymotrypsin, and 
a.-macroglobulin, as well as the low molecular 
weight protease inhibitor, antileukoprotease,’? in 
MEE of SOM. 


In the present work the middle ear specimens 
from our previous study? were further analyzed. 
The leukocyte proteases, elastase and collagenolytic 
neutral protease, were quantitated and the extent of 
complex formation between these proteases and 
their inhibitors studied. The primary inhibitor of 
plasmin, antiplasmin,'® was assayed in order to de- 
termine whether the fibrinolytic system is engaged 
in SOM. Finally, the presence of C3 was deter- 
mined and studied electrophoretically. 


METHODS 


Middle ear effusions were collected under general anesthesia by 
aspiration through a myringotomy in 20 ears of 15 patients with 
the diagnosis of SOM exceeding two months’ duration and with- 
out signs of active ear infection.? High viscosity mucoid fluids that 
were nonpipettable were excluded from the study. The specimens 
were diluted 1:10 with 0.9% NaCl solution containing ethylene- 
diaminetetraacetic acid (EDTA). Blood specimens from the same 
patients were collected simultaneously in 5 ml tubes containing 


EDTA. The diluted middle ear fluids and the blood specimens 


were centrifuged at 1000 g for five minutes and the supernatants 
recovered and stored at -18° C until studied. 


Antisera. Specific antisera against granulocyte collagenolytic 
neutral protease and granulocyte elastase and antileukoprotease 
were prepared in our laboratory.'''* Rabbit antisera against 
a,-antitrypsin, a,-antichymotrypsin, a@-macroglobulin and C3 
are routinely produced in our laboratory. Rabbit antiserum 
against antiplasmin was provided by Collen.'® 


Protein Analyses. Quantitative assays of granulocyte collageno- 
lytic protease and granulocyte elastase in MEE were performed 
with the single radial immunodiffusion technique of Mancini et 
al,'* using 1 mm thick 1% (w/v) agarose gel containing 3% (w/v) 
polyethyleneglycol. Purified preparations of granulocyte colla- 
genolytic protease’? and granulocyte elastase’? with known con- 
centrations were used as standards. For reference purposes quan- 
titative assays of granulocyte elastase in corresponding plasma 
specimens were studied with a radioimmunoassay technique de- 
veloped in our laboratory.'® This afforded a considerably higher 
sensitivity than the Mancini technique. 


Quantitative analyses of C3 and antiplasmin in MEE and plas- 
ma were performed with electroimmunoassay as described by 
Laurell,” except the agarose gel was prepared with 0.8% (w/v) 
agarose. The agarose gel was prepared with 10% (w/v) Dextran 
for the analyses of antiplasmin. Analyses of MEE and paired 
plasma specimens were run in parallel. Pooled plasma from 
healthy blood donors was used as standard. For the analyses of 
C3, fresh plasma was used. 


Changes in the electrophoretic homogeneity of C3 were studied 
with crossed immunoelectrophoresis according to Ganrot.'* 


Protease Inhibitor Complex Analyses. Protease inhibitor com- 
plexes containing a,-antitrypsin, a,-antichymotrypsin or antiplas- 
min were studied with crossed immunoelectrophoresis.'* To help 
define the several a,-antitrypsin components discovered, a modi- 
fication of the crossed immunoelectrophoresis technique was 
used.'’ The residual inhibitory capacity of free a,-antitrypsin in 
MEE was tested by incubating middle ear fluid with 3-10 yg of 
purified granulocyte elastase’? for 15 minutes at room tempera- 
ture prior to analyses by crossed immunoelectrophoresis. 


Complexes of a,-macroglobulin in MEE were studied by iso- 
electric focusing in a polyacrylamide gel followed by crossed im- 
munoelectrophoresis with specific antiserum against a-macro- 
globulin, according to the method described by Ohlsson and 
Skude.”° 
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TABLE 1. GRANULOCYTE PROTEASES IN MIDDLE EAR EFFUSION AND PLASMA 


Granulocyte 

collagenolytic enzyme 20 37 - 307 120+ 16.5 
Granulocyte 

elastase 19 43 - 1420 315+ 80.3 


Plasma Ratio 
Mean Conc. 


NM NM NM — 


IS 51-257 x 10° 99+ 12.6 x 10° 3.2 x 10° 


SEM - Standard error of mean; Conc. — Concentration: NM - Not measured. 


Complexes of antileukoprotease and granulocyte elastase were 
studied immunochemically after gel filtration of 450 4l middle ear 
fluid obtained by pooling all the middle ear specimens. Gel filtra- 
tion of this pool was performed on a Sephadex G-50 column (0.9 x 
70 cm) equilibrated with 0.05M TRIS-HCI buffer, pH 7.4, con- 
taining 0.5M NaCl. A constant flow of 8.5 ml per hour was main- 
tained and 0.5 ml fractions were collected. The fractions eluted 
were analyzed using single radial immunodiffusion with specific 
antiserum against antileukoprotease. The fractions in which im- 
munogenic free inhibitor was found were then pooled and con- 
centrated in an Amicon cell with a Diaflo UM 2 membrane at 0° 
C to a volume of 300 4l. This pool was incubated with 300 pg 
granulocyte elastase for 30 minutes. After gel filtration of this 
material, the eluted fractions were again analyzed using single ra- 
dial immunodiffusion with specific antiserum against antileuko- 
protease. The protein content in the eluted fractions of the gel 
filtrations was determined spectrophotometrically at 280 nm. 


RESULTS 


ENZYME CONTENT 


Granulocyte collagenolytic protease was demon- 
strated in all studied MEE with a mean concentra- 
tion of 120 „g/ml and a range of 37-307 ug/ml 
(Table 1). 


Granulocyte elastase was detected in 19/20 mid- 
dle ear specimens. The mean concentration in these 
19 samples was 315 „g/ml with a range of 43-1420 
ug/ml. The mean concentration of granulocyte elas- 
tase in the paired plasma was 99 x 10° ug/ml with a 
range of 51-257 x 10° ng/ml (Table 1). 


C3 was detected in all MEE. The range of C3 in 
MEE compared to the corresponding plasma value 
of C3 was 45-153%, with a mean value of 75% 
(Table 2). In 18/20 specimens the concentration of 
C3 was below that of the corresponding plasma 
value. Crossed immunoelectrophoresis of MEE 
with specific antiserum against C3 showed cleavage 
products of C3 in all specimens (Fig. 1 b,c). Similar 
analyses of the corresponding plasma showed no 
changes in the electrophoretic homogeneity of C3 
(Fig. la). 

Inhibitor-Protease Complex Analyses. Crossed 
immunoelectrophoresis of all middle ear specimens 


TABLE 2. HUMORAL COMPONENTS IN MIDDLE EAR 
EFFUSION IN RELATION TO PATIENTS’ OWN PLASMA 


CONCENTRATION (MEE/PLASMA x 100) 
= ee 
C3 Ant plasmin 


Range 45 - 153 32- 127 
Mean 75 + 5.5* 70 + 5.7* 
Number 20 19 


*Standard error of mean. 


with specific antiserum against q@,-antitrypsin re- 
vealed the following similar changes in the electro- 
phoret= homogeneity of a,-antitrypsin: 1) one com- 
poneat. approximately 80-85% of the total a,-anti- 
trypsim, in the a,-area of native a,-antitrypsin, 2) 
one in ‘he a,-region, and 3) one in the 8,-region. In 
4/20 sp=cimens a fourth component was demonstrated 
cathedal to the @,-region (Fig. 2). Antiserum 
against the collagenolytic enzyme specifically pre- 
cipitated the a,-component (Fig. 3a). The compo- 
nent ir the B,-region was specifically precipitated 
by antserum against granulocyte elastase (Fig. 3b). 
We were unable to identify the fourth component. 
When increasing amounts of granulocyte elastase 
were aided to the middle ear specimens prior to 
crossec immunoelectrophoresis, an increase in the 
§,-region and a decrease in the region of native 
a@,-antErypsin were observed (Fig. 4). 


Crosed immunoelectrophoresis with antiserum 
against a,-macroglobulin following isoelectric fo- 
cusing of 17/20 middle ear fluids showed the major 
portior of the a,-macroglobulin to be in its free 
state. end less than 10% with an altered isoelectric 
point, ndicating complex formation. In 3/20 speci- 
mens approximately 40% of the a,-macroglobulin 
was in complex (Fig. 5). 





a 





“iz. 1. Precipitate pattern on crossed immunoelec- 
nis pabige with antiserum against C3 of a) patient plasma 
and ».c) specimens of MEE from two different patients. 
Agarmse gel electrophoresis of plasma is given for refer- 
ence 
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Fig. 2. Precipitate pattern on crossed immunoelectro- 
phoresis of MEE with antiserum against a,-antitrypsin 
(a,-AT). Agarose gel electrophoresis of MEE is given for 
reference. 


Crossed immunoelectrophoresis with antiserum 
against a,-antichymotrypsin revealed no changes in 
electrophoretic mobility from that of free a,-anti- 
chymotrypsin. However, in 5/20 specimens the pre- 
cipitate showed three peaks within the area of 
“free” a,-antichymotrypsin, indicating an electro- 
phoretic inhomogeneity (Fig. 6 b,c). 


Antileukoprotease from gel filtration of MEE was 
eluted in two separate volumes; one appeared with- 
in the void volume and one in a larger volume (frac- 
tions 54-67) corresponding to a lower molecular 
weight (Fig. 7A). Following a second gel filtration 
after the addition of elastase to the pooled fractions 
54-67, the inhibitor was eluted exclusively within 
the void volume and no inhibitor was found in any 
larger volumes (Fig. 7B). 


Antiplasmin in MEE was detected in 19/20 speci- 
mens. The range of antiplasmin in MEE compared 
to the paired plasma value was 32-127%, with a 
mean value of 71% (Table 2). Sufficient material 
was available for testing with crossed immunoelec- 
trophoresis in only 10/20 specimens. These were 
tested using specific antiserum against antiplasmin. 








Fig. 4. Precipitate patterns on crossed immunoelec- 
trophoresis of a specimen of MEE a) before and b) after the 
addition of 10 ug of granulocyte elastase with antiserum 
against q@,-antitrypsin. 


Complex formation was suggested on the crossed 
immunoelectrophoresis pattern in 9/10 specimens 


(Fig. 8). 
DISCUSSION 


None of the patients had clinical signs of acute 
middle ear infection. Despite this, granulocyte col- 
lagenolytic neutral protease and granulocyte elas- 
tase were present in the effusions. Although de- 
sirable for reference purposes, determinations of 


b 


Fig. 3. Crossed immunoelectrophoresis 
of MEE. Part a, shows the pattern ob- 
tained with antiserum specific for colla- 
genolytic neutral protease from human 
granulocytes. Part a, shows the precipi- 
tate pattern with antiserum against a,-an- 
titrypsin after precipitation with the anti- 
collagenase antiserum (az). The a-peak 
of @,-antitrypsin in complex was due to 
the collagenolytic enzyme, since it was 
spesifically eliminated by the anticolla- 
genase antiserum. b) Similar precipita- 
tion and arrangement to that of a), with 
the single exception that antiserum 
against elastase from human granulocytes 
replaced the antiserum against the colla- 
genolytic enzyme (b,). The peak with 8: 
mobility was due to elastase-a,-antitryp- 
sin complex. 
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en a So Se 


45 6 7 8 
pH 


Fig. 5. Precipitate pattern on crossed immunoelectro- 
phoresis following isoelectric focusing in polyacrylamide 
gel with antiserum against human a,-macroglobulin of a) 
normal human plasma and b) a specimen of MEE. The 
altered isoelectric point in b) is attributed to the existence 
of a,-macroglobulin in complex with enzyme. 


granulocyte collagenolytic neutral protease in 
corresponding plasma could not be performed due 
to a lack of a sufficiently sensitive assay method. 
However, the concentration of granulocyte elastase 
in the plasma of our patients was readily deter- 
mined using an RIA technique developed in our lab- 
oratory. The concentrations were found to be 
within normal limits.'° On comparison the mean 
granulocyte elastase concentration in MEE ex- 
ceeded the mean plasma concentration by 3.2 x 10° 
times. This difference is most unlikely caused by the 
sampling procedure, since the plasma and MEE 
samples were treated identically. Our results rather 
imply a marked local release of granulocyte elastase 
in the MEE in SOM. 


Granulocyte collagenolytic neutral protease and 
granulocyte elastase are known to activate the com- 
plement system via the alternate pathway.’ This ac- 
tivation is independent of bacterial toxins and im- 
muno complexes. In our study C3 was demonstrated 
in all MEE and activation of C3 was suggested by 
erossed immunoelectrophoresis, which is in accor- 
dance with previous reports.?"?? 


Plasmin, essential in the fibrinolysis, is also cap- 
able of activating C3.? This enzyme is specifically 
inhibited by antiplasmin present in plasma.'° In our 





Fig. 6. Precipitate pattern on crossed immunoelectro- 
phoresis with antiserum against a,-antichymotrypsin of a) 
rormal plasma and b,c) two specimens of MEE. 


stncy this inhibitor was demonstrated in all but one 
of the studied middle ear specimens. Complex for- 
matien with plasmin was suggested by the presence 
of an antiplasmin component with retarded elec- 
trephoretic mobility similar to the plasmin- 
art plasmin complex. Thus, our results indicate ac- 
tivetion of the fibrinolytic system in SOM and that 
the activation of C3 in MEE may be effected both 
by granulocyte proteases and by plasmin. 


[a C3 activation fragments are formed which are 
chemotactic for granulocytes, thereby further gran- 
uloeytes are attracted to the inflammatory site and 
a further release of granulocyte proteases may oc- 
cur If there is insufficient inhibition of granulocyte 
pro: eases and plasmin in the middle ear, a perpetu- 
ation of this inflammatory reaction could take 
plaee, even in the absence of antigen.”* 


Complexes between granulocyte proteases and 
«.-antitrypsin were demonstrated in all MEE. The 
range of complexes, 15-20% , found for a,-antitryp- 
sia is rather rough as the immunoreactivity of the 
ccoraplexed a,-antitrypsin differs considerably from 
the one of free a,-antitrypsin. No indications of 
complexation with a,-antichymotrypsin were 
found. The nonhomogenous peaks of a,-antichymo- 
trypsin found in five specimens were not consistent 
with complex formation with chymotrypsin-like 


granulocyte enzymes.” 


Complexes between granulocyte proteases and 
a -macroglobulin were demonstrated in all MEE. 
No correlation between the concentration of pro- 
teases in MEE and the degree of complex formation 
with a,-macroglobulin was found. The range of 
complexes found for a-macroglobulin, 10-40%, 
eould be due to the relative insensitivity of the 
method used for detection of a-macroglobulin 
eomplexes.?° Another possibility is that there were 
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Fig. 7. Localization of antileukoprotease with single 
radial immunodiffusion, using antiserum against ant:leu- 
koprotease. A) After gel filtration on Sephadex G-5) of 
pooled middle ear fluid. B) After addition of granulocyte 
elastase to fractions 54-67. i 


varying rates for the elimination of œ-macro- 
globulin complexes in different ears secondery to 
the degree of inflammation. It has been observed in 
arthritic knee joints in the dog that the rate of elim- 
ination of a-macroglobulin complexes correlates 
directly with the degree of inflammatory reaction 
(Ekeroth L, personal communication). 


Antileukoprotease forms stable complexes with 
elastase, but has no inhibiting effect on granulocyte 
collagenolytic protease.'* Complex formation of 
this low molecular weight protease inhibitor in 
MEE was suggested on gel filtration, since the in- 
hibitor was eluted in two separate volumes, indicat- 
ing different molecular weights. From Figure 7 it 
appears that approximately one third of the inhibi- 
tor was complexed. However, this calculation does 
not take into account the probable reduction in the 
immunoreactivity of the inhibitor secondary to its 





Fig. 8. Precipitate pattern on crossed immunoelectro- 

horesis with antiserum against antiplasmin of serum a) 

fore and b,c) after activation of plasminogen with strep- 
tokinase (c) and of a specimen of MEE (b). 


complexed form, ie, the amount of antileukopro- 
tease in complex with granulocyte elastase may be 
greater than what is illustrated in Figure 7. 


The remaining inhibitory capacity in MEE was 
studied for a,-antitrypsin and antileukoprotease. 
After addition of granulocyte elastase to the middle 
ear specimens, all of the noncomplexed antileuko- 
protease and the major part of a,-antitrypsin were 
found complexed with elastase, as judged from the 
results of the gel filtration and crossed immunoelec- 
trophoresis respectively. Thus, if granulocytes, as 
suggested”® by their oxidative enzyme system, are 
able to inactivate a,-antitrypsin this effect was 
limited in the MEE studied, despite the rather high 
content of granulocyte proteins. The results thus in- 
dicate an unsaturated capacity for enzyme inhibi- 
tion in the middle ear fluid studied, but they do not 
exclude that tissue damage caused by granulocyte 
proteases may occur in the middle ear cavity, if the 
barrier of enzyme inhibition is locally exceeded. 
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1982, in San Juan, Puerto Rico. Dr. Hans von Leden has been elected Presiclemt of the Association. 
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COMPARATIVE ANATOMY OF EUSTACHIAN TUBE AND MIDDLE 
EAR CAVITY IN ANIMAL MODELS FOR OTITIS MEDIA 


HAL J. DANIEL III, PhD ROBERT S. FULGHUM, PhD 
JACK E. BRINN, PhD KATHRYN A. BARRETT, MS 


GFEENVILLE, NORTH CAROLINA 


The comparative anatomy of the normal eustachian tube (ET) and normal middle ear cavity of three animal species (rat, gerbil, and 
chinchilla) is described relating to the usefulness of these animals as models for otitis media (OM). Routine histological and anatomical 
techniques and procedures were used. The gerbil and et inchilla, although of different sizes, are quite similar, having hypertrophied mid- 
dle ear bullae, nearly vertical ET, and similar histology ncluding seromucous glands draining directly into the ET. In contrast, the rat has 
a small bulla, a nearly horizontal ET, and a large concentration of goblet cells but few mucous glands in the ET. It appears that the chin- 
chilla and the gerbil may serve as alternative models fa OM research. Chinchillas and gerbils are relatively free of naturally occurring 
OM, while the rat has a high incidence of naturally occurring OM. 


INTRODUCTION METHODS 
Laboratory rats, gerbils, and chinchillas are fre- Bulla: Skull Comparisons. The mammalian auditory bulla en- 
quently used as models for otitis media (CM) re- capsulates the entire ME. The size of the auditory bulla was de- 


fined for this study as the widest dimension in any one plane from 
any inferiorly based view. Total skull length was defined as the 
length from the anterior margin of the foramen magnum to the 


search.'* The anatomy of the laboratory rat ° chin- 
chilla,'® and gerbil'' auditory apparatus a-e well 


known but to date no comparative anatomical de- anterior margin of the upper incisor teeth. All measurements 
scription of the middle ear (ME) cavity and eusta- were obtained using microcalipers. Ten randomly selected macer- 
chian tube (ET) of these laboratory anim als has ated adult skulls of each species, Long-Evans hooded rat (Rattus 


norvegicus), Mongolian gerbil (Meriones unguiculatus), and chin- 
chilla (Chinchilla laniger), were used for bulla:skull measurement 
data. Skulls were obtained from the skull collection of the Speech 
and Hearing Research Laboratory, East Carolina University. Fif- 


been published. 


Comparisons of the epithelium of the ME zavity, 


ET, and nasopharynx as well as anatomical mea- ty skulls from each species (50 rat, 50 gerbil, and 50 chinchilla 
surements of the angle and length of the ET were skulls) were selected and assigned numbers 1 to 50. A Horton- 
made for each species in this study. Measurements Smith table of random numbers was then used to randomly select 
of the auditory bullae as they relate to skull size pee On eee apace 

were also made. Histological Methods. Histological preparations were the same 


for both rats and gerbils.'?"* Five animals of each species were 
studied. Animals were anesthetized, and perfused with 0.9% 
NaCl followed by perfusion with 10% buffered (pH 7.4) forma- 
lin. The head was removed, decalcified in formic acid and sodium 


Our studies show the gerbil, while physically 
smaller, has ME cavity and ET structural features 


quite similar to the chinchilla, while both o° these citrate solution, trimmed, and dehydrated in a graded series of 
animals differ considerably from the rat. ethanol. Specimens were cleared in xylene, embedded in paraffin, 
and cut 8 am thick on a microtome. Coronal sections at 80 nm in- 

The collective results are discussed in light of re- tervals were mounted and stained with hematoxylin and eosin (H 


& E, Harris).'? Additional sections of the nasopharyngeal area 
(NP), ET, and middle ear cavity (MEC) were stained with May- 
er's mucicarmine.'? 


The length of the ET was determined by adding the number of 
8 um sections from the osteum pharyngeum tubae auditivae to the 


cent research concerned with these structur2s and 
their respective functions as it was anticipated that 
appraisals could be made of the efficacy of the 
animals as models in future OM research. Based on 


these studies, we conclude that the chinchila and osteum tympanicum tubae auditivae. The angle of the ET was es- 
the gerbil may possibly serve in many procedares as timated by using the length of the ET as the hypotenuse of a right- 
alternative animal models. As an alternative model angle triangle. The angle formed by the hypotenuse and base of 


the triangle was determined to be the angle of the ET. In making 


the gerbil would be a useful starting model s nce it this estimation it was assumed that each skull was sectioned in the 


breeds rapidly and prolifically, and would allow same plane, as specimens were carefully positioned prior to sec- 
more rapid development of inbred strains than tioning. In addition to the external gross bulla:skull comparisons, 
could be achieved with chinchillas. Furthermore internal measurements of the length, height, and width of the 

bulla of the three species were obtained from the histologic sec- 


gerbils are more consistently available and less ex- 
pensive to purchase, ship, and maintain than chin- 
chillas. 


tions. 


Microscopic observations were made to determine epithelial 
cell differences in various locations. Goblet cell and mucous duct 
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counts were made on every other of the mounted and sained sec- 
tions (every 160 um). 


Histological preparations for the chinchilla were completed in 
the Temporal Bone Histopathology Laboratory of the Depart- 
ment of Otolaryngology, University of Minnesota School of Medi- 
cine. Animals were perfused first with normal saline. then with 
Heidenhain Susa preservative.'? Specimens were decalcified in 
5% trichloroacetic acid (TCA), trimmed, dehydrated in a graded 
series of ethanol, and cleared in 50% ether-50% absolute ethanol. 
After embedding in celloidin (nitrocellulose), specimens were 
hardened in chloroform vapor, stored in 80% ethanol. and cut 20 
um thick. Coronal sections at 200 „m intervals were mounted and 
stained with H & E. Two exceptionally well-prepared chinchilla 
specimens were examined for this study. 


RESULTS 


Histology of the Rat ME and ET. The eustachian 
tube of the rat is lined by pseudostratified ciliated 
columnar respiratory epithelium throughout its 
length (Fig. 1). The cilia appear thicker and longer 
than those of the gerbil. Goblet cells are found on 
the dorsal aspect of the nasopharynx, continuing up 
the ET and in more abundance on the dorsal wall 
especially near the tympanic osteum. The epitheli- 
um of the ET upon approaching the MEC changes 
abruptly from tall pseudostratified ciliated colum- 
nar cells to nonciliated stratified squamoid cells 
(Fig. 2). The epithelium of the MEC consists of 
stratified squamous cells with no evidence of cilia or 
goblet cells, while an average of 54.5 goblet cells 
per 8 um section was found in the ET, 


Histology of the Mongolian Gerbil ME and ET. 
Figure 3 shows that the epithelium of the nasophar- 
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Fig. 2. View of the cessation (arrow) of cilia and goblet 
cells in the epithelium of the ET as it approaches the mid- 
dle ear cavity in the rat. (Mayer's mucicarmine. x400) 





Fig. 1. Nasopharynx (NP), eustachian 
tube (ET), and middle ear (ME) cavity of 
the rat. Note cilia in the ET as compared 
to lack of cilia in the middle ear cavity. 
(H & E, x62.5) 


ynx mear the nasopharyngeal osteum of the ET in 
the Mengolian gerbil consists of respiratory epitheli- 
um being pseudostratified ciliated columnar cells 
with snort, fine, evenly distributed cilia. The base- 
ment membrane is well demarcated from the un- 
derlyiag connective tissue. At approximately two 
thirds-of the distance from the nasopharyngeal oste- 
um t» the tympanic osteum in the ET there is a ces- 
sation of ciliated epithelium (Fig. 4). At this point 
the cells become squamoid, varying in thickness 
from «ne to five layers. 


Go let cells are found along the epithelium of the 
nasopharynx but not beyond the pharyngeal osteum 
of the ET. There are, however, mucous glands in 
the medial side of the ET that open into the lumen 
of the ET (Fig. 3). 


Tae stratified squamoid epithelium of the tym- 
panic end of the ET continues into the MEC which 
is lined by these cells. The MEC is subdivided by 
trabeculae of bone, forming connecting chambers, 
and & lined by this squamous epithelium. There is 
no evidence of goblet cells or mucous glands in the 
normal ME of the Mongolian gerbil. 


Histology of the Chinchilla ME and ET. The ET 
is lined for most of its length by respiratory epi- 
theliam (Fig. 5A) which is columnar at the naso- 
pharyngeal end and decreases in height, becoming 
cuboidal (Fig. 5B) toward the tympanic end. The 
epithelium is ciliated for its entire length. The 
naso dharyngeal two thirds of the length of the tube 
receives short ducts from seromucous glands. Gob- 
let cells are also found along the epithelium of the 
ET The entire medial border of the tube is sup- 
ported by hyaline cartilage, which forms an arch to 
suppert the lateral aspects of the tube as it turns 
laterally toward the MEC. The MEC is divided into 
conreeting chambers by trabeculae of bone and is 
linee by a squamous epithelium which is for the 
mos part simple. 


Comparison of Skulls and Skull Measurements of 
the Rat, Gerbil, and Chinchilla. Inferior and later- 
al vews of the rat (Fig. 6A, B), gerbil (Fig. 7A, B) 
and chinchilla (Fig. 8A, B) skulls are presented. 
Meen bulla and skull measurements of ten skulls of 
eack species are contained in Table 1. Internal 
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measurements taken from the histological prepara- 
tions of the auditory bulla for each species are 
presented in Table 2. Figure 9 is a highly schematic 
presentation of the relative bulla size, and the angle 
and length of the ET of each of the animals. The ET 
of the rat was found to be almost horizontal in com- 
parison to the nearly vertical ET of the chinchilla 
and the gerbil. The ET of the rat is relatively long in 
an anterior-posterior direction paralleling an 
elongation of its skull in the anterior-posterior 
plane. The relatively long ET of the rat is in con- 
trast to the extremely short and vertical tube of the 
gerbil, while that of the chinchilla is intermediate 
in length and the angle slightly more horizontal. 
The vertical elongation of the tube in the chinchilla 
is possibly related to the superior-inferior expansion 
and relatively narrower medial-lateral dimension of 
the chinchilla bulla. 





Fig. 3. Eustachian tube (ET) and 
nasopharynx (NP) of the gerbil showing 
pseudostratified ciliated columnar cells 
(arrow) at the orifice of the ET, and a 
mucous gland (M) opening into the ET. 
(H & E, x200) 


The small rat bulla and the gerbil bulla are 
relatively ovoid in shape while that of the chinchilla 
is more elliptical. The dorsal attic area in the gerbil 
is more narrow laterally and the attic is divided into 
two separate chambers, the anterior and the poster- 
osuperior chambers, that do not connect with each 
other. These each connect with the lower, wider, 
tympanic chamber of the bulla. 


Figures 10 and 11 are comparative sketches (but 
not to equal scale) of the gerbil and chinchilla ME 
as coronal sections just posterior to the location of 
the inner ear. Figure 12 is a sagittal section of the 
gerbil showing the various chambers and landmarks 
in a manner similar to the drawings of the chin- 
chilla by Browning and Granich.'® Figure 13 is the 
sagittal section of the ME of the chinchilla by 
Browning and Granich.'® More detailed descrip- 


Fig. 4. Point (arrow) where the epithe- 
lium changes from ciliated columnar to 
nanalo stratified squamoid cells in 
the ET of the gerbil. (Mayer's mucicar- 
mine, x200) 
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Fig. 9. Highly schematic drawing comparing rat, gerbil 
and ea Note hypertrophied bulla B more ver- 
tical ET of gerbil and ehinchi la as compared tc rat (see 
also Table 1). Measurements in millimeters are: 


Skull Skull Tubal Tubal 

Width Height Length Angle 
Rat 24 1] 4.3 15° 
Gerbil 18 1] 1.8 81° 
Chinchilla 31 26 5.6 75° 


Recent data from our laboratory show the indige- 
nous microflora of the pharynx”? and MEC»! of the 
chinchilla and the gerbil do not normally include 
the common etiological agents of OM, although 
Staphylococcus aureus and Staphylococcus epider- 
midis are frequently found in the nasopharynx of 
gerbils.” Giebink et al’ have previously shown 
chinchillas do not harbor Streptococcus pneumon- 
iae but are susceptible to induced OM caused by 
this bacterium. Furthermore, we find the indige- 
nous flora of the MEC of both chinchillas and ger- 
bils to be sparse, variable, and transitory. We are 
currently involved in studies with monomicrobic 
and polymicrobic infections involving anaerobic 
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Fig. 10. Sketch of corona! section of gerbil ME. 
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Fix. 11. Sketch of coronal section of chinchilla ME. Note 
tietecation of the auricular orifice of the external auditory 
meatis (EAM) and its relationship to the annular ring 
corspared to the gerbil (Fig. 10). 


bacte-ia* in both the chinchilla’ and the gerbil in 
order to develop suitable animal models for anaero- 
bic infections. The data to date indicate that both 
chincallas and gerbils are susceptible to infections 
due to the anaerobic polymicrobic infections we 
reperted in children‘ and to S pneumoniae. 


The zerbil is a relatively new model for auditory 
researc1.*°' If its response to infection is as good as 
that œ the chinchilla,‘ the Mongolian gerbil could 
be an alternative model for many aspects of OM re- 
searel. Gerbils are much more consistently availa- 
ble are less expensive to purchase, ship, and main- 
tain than chinchillas. Because of its rapid and pro- 
litic breeding, inbred strains have been developed, 
and additional inbred strains can be much more rap- 
idly developed in gerbils than in chinchillas, mak- 
ing th= gerbil an ideal “beginning model.” Further- 
more, gerbils meet the criteria of Lewis et al® for se- 
lection as an experimental model for OM research, 
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Fie. 12. Sketch of sagittal section of gerbil ME. Note 
that rabeculae of bone and semicircular canals divide the 


bulle into separate chambers. Compare with chinchilla 
(Fig. B). 
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and much is known of the microbiology”*”’ > and 
immunology” of the gerbil. 


Because we conclude the rat is not a useful ani- 
mal model for the study of induced ME disease of 
bacterial etiology, we have omitted detailed draw- 
ings of the ME gross anatomy. Details of the anat- 
omy of this animal have been published elsewhere 
by Hebel and Stromberg.” 
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Fig. 13. Drawing of sagittal 
section of chinchilla ME. (Re- 
produced with permission.'°) 
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Finally, while inherent dangers exist in making 
anatomical and physiological comparisons across 
species, as we have done, the relationships we have 
encountered thus far have provided useful informa- 
tion not only about rats, gerbils, chinchillas, and 
humans, but also about the mammalian ME mecha- 
nism in general. An understanding of the similari- 
ties and differences of this system across species is a 
logical framework for studying its pathologies. 
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EXPERIMENTAL VIRAL INFECTIONS OF THE INNER EAR 


II. VIREMIC SPREAD OF REOVIRUS TO HAMSTER EIGHTH NERVE 
GANGLION CELLS 


LARRY E. DAVIS, MD 


ALBUQUERQUE, NEW MEXICO 


Rubella, cytomegalovirus, mumps, and rubeola viruses cause deafness in man and are believed to reach the inner ear through viremic 
spread. Although several experimental studies of viral infection of the inner ear have been described, all require the virus inoculum to reach 
the labyrinth directly rather than through hematogenous spread. In this model, reovirus, type 3, infected the cell bodies of cochlear and 
vestibular ganglia of infant hamsters following a viremia induced by intraperitoneal inoculation. This model provides the first experimen- 


tal evidence for viremic spread to the inner ear. 


INTRODUCTION 


Viral infections have been associated with many 
abnormalities of auditory and vestibular functions. 
Rubella’ and cytomegalovirus? infections of the fe- 
tus are important causes of congenital deafness. 
Other viruses including mumps?’ and rubeola’ have 
been implicated as causes of postnatal acquired 
deafness. All of these viruses are believed to reach 
the inner ear through viremic spread.° 


Experimentally, rubeola virus,”8 mumps virus,’* 
herpes simplex virus,® vaccinia virus,’ influenza 
virus,” Sendai virus,’ and mouse cytomegalovirus!’ 
have been shown to infect the inner ear of the 
mouse or hamster. These animal studies have dem- 
onstrated that inner ear structures have differing 
selective vulnerability to infection by different vir- 
uses.” However, these models have all required 
that the virus be inoculated directly into the laby- 
rinth or intracerebrally to reach the inner ear via 
the cochlear aqueduct. Intraperitoneal or in- 
travenous inoculations of virus have not been suc- 
cessful in producing inner ear infections. 


In the model presented, reovirus, type 3, was 
shown to infect cells of the inner ear by the viremic 
route following intraperitoneal inoculation. 


METHODS 


The Abney strain of reovirus, type 3,'' grown in baby hamster 
kidney cells (BHK-21), had an infectivity titer of 10’? 50% tissue 
culture infectious doses (TCIDso) per milliliter in African green 
monkey kidney cells (CV-1). This virus pool was diluted 1:100 in 
balanced salt solution and each animal was given either 0.05 ml 
by intraperitoneal (ip) inoculation or 0.005 ml by intracerebral 
(ic) inoculation. 


One hundred twenty-three Syrian golden hamsters (Engle Lab 
Animals, Farmersburg, Ind.) less than 48 hours of age received ip 
inoculations and 131 received ic inoculations. The suck ing ham- 
sters were then observed for signs of illness. Since hamsters are 
born immature and do not have functioning cochleas until the 


20th postnatal day,'? no obvious signs of auditory defect and dis- 
equilibrium could be observed. In initial studies, the animals 
were killed daily for the first nine days and examined for viral an- 
tigens. Subsequently, the majority of animals were killed on days 
4-6, when immunofluorescence was the most intense for detailed 
studies of viral antigen distribution. A total of 88 animal heads 
were processed for immunofluorescent and histological evalua- 
tion. Fifty-eight animals had received ip viral inoculation. 


In one experiment, 32 newborn hamsters were inoculated ip 
with 10° TCIDgo of virus. At 12-hour intervals, two to six animals 
were killed. From two animals at each time period, cardiac 
blood, brain and temporal cartilage (free of skin and jaw) were 
aseptically removed. Individual tissues were homogenized into 
10% suspensions and assayed for virus by inoculating tenfold dilu- 
tions onto monolayers of CV-1 cells in tissue culture wells. The 
average of both tissue titers was then determined. Fourteen ani- 
mal heads at varying 12-hour intervals were also processed for im- 
munofluorescent evaluation of viral antigens in the brain and in- 
ner ears. 


Optimal preservation of inner ear structures and viral antigens 
was achieved by fixation of the skinned head in 95% ethanol at 4 
C and embedding in paraffin, as previously described.* Horizon- 
tal sections (4um) of the head, including both inner ears and the 
brain, were cut on a rotatory microtome (American Optical, Buf- 
falo, NY) at six to ten levels. At each level, three adjacent sections 
were made. One slide was stained with hemotoxylin and eosin, 
Lendrum inclusion body stain,'* or acridine orange.'* The second 
slide was stained with polyvalent reovirus antiserum made in 
goats (Scientific Resources Branch, Center for Disease Control, 
Atlanta, Ga.) and then fluorescein-conjugated rabbit antiserum 
to goat IgG (Cappel Laboratories, Cochranville, Pa.) in the in- 
direct immunofluorescent staining procedure.* The third slide 
served as a control and received nonimmune goat serum and the 
same fluorescein-conjugated serum. 


RESULTS 


Animals that received ic viral inoculation began 
to feed poorly and became lethargic on day 3 and 
died on days 4 and 5. Animals that received ip viral 
inoculation became ill on day 4 and slowly died 
through day 9. 


After ip inoculation of 10° TCID;o of reovirus, 
virus was repeatedly isolated from blood except at 
36 hours (Fig. 1). Recovery of virus from ear and 
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Fig. 1. Recovery of reovirus, type 3, from homogenates 
of brain, temporal cartilage, and whole blood of newborn 
hamsters after i ip inoculation of 0.05 ml of stock virus. The 
intensity of fluorescence seen in neurons of the brain and 
inner ear and number of neurons with fluorescent staining 
recorded by time at top of graph (0 - No viral antigen, # - 
Maximal intensity and number of neurons that show 
fluorescence). 


brain began at 36 and 48 hours respectively. Viral 
titers then paralleled the blood titer until 84 to 96 
heurs when they increased markedly over blood lev- 
els. The abrupt increase in brain and ear viral titers 
over the blood titer corresponded to the first ap- 
pearance of fluorescent viral antigen within 
neurons of both tissues. No spread of viral antigen 
from neurons to nonneuronal cells occurred in 
either the inner ear or brain. 


There was no difference in distribution of viral 
antigen in the inner ear between those animals who 
received ip versus ic inoculations. However, those 
animals who received the ic inoculation had a more 
intense encephalitis that accounted for their early 
deaths. Reovirus caused an infection of the cell 


bedies of the neurons in the cochlear and vestibular 
ganglia. After either route of inoculation, viral an- 
tigen was detected in the cytoplasm of the cell body 
of taese neurons but not in their nerve processes 
(Figs. 2 and 3). Viral antigen was first detected four 
days after ip inoculation, reached maximal intensi- 
ty and distribution 1-2 days later, and began to fade 
by seven days after inoculation. Detection of the 
vira. antigen in the ganglion cells paralleled that 
seen within the brain (Fig. 1). After day 3, 84% of 
the animals who received the ip inoculation demon- 
strated viral infection of the inner ear and from 10 
to 79% of the ganglia neurons contained viral an- 
tigens. Likewise, 87% of animals receiving ic in- 
oculation developed inner ear infections. No viral 
antigen was detected within adjacent ganglion 
satellite cells or within the membranous labyrinth. 
In spite of intense fluorescent staining of adjacent 
cochlear and vestibular ganglia neurons, no stain- 
ing ef Corti’s organ, macula, of the utricle and sac- 
cule, or the cristae of the semicircular canals was 
observed. 











F 







Histclogical examination of the inner ears dem- 

sated no inflammatory response to the infec- 
n. The organ of Corti, although immature, did 
not difier from age-matched control animals. The 
Lendrum stain demonstrated diffuse eosinophilic 
cytoplasmic staining of selected neuronal cell bodies 
in the cochlear and vestibular ganglia. Rare discrete 
eosinophilic inclusions also could be seen in these 
neurons. This staining pattern was similar to the 
neurons of the brain and differed from the large 
cytoplasmic inclusions that have been described.'* 
Some ganglion neurons stained with acridine 
orange demonstrated diffuse green staining or occa- 
sional oe green staining of the cytoplasm. No 


cytoplasmic inclusions, by Lendrum or a 








pe oa or seinicirelar canals. 


DISCUSSION 


In this study, ip inoculation of reovirus, type 3, 
resultec in a viremia that was detected as early as 12 
hours after inoculation. Beginning at day 2, a sus- 
tained viremia occurred similar to an earlier 
report. At day 4, fluorescent viral antigen was first 
detected within neurons of the brain and inner ear. 
The intensity of fluorescence and number of neu- 
rons wih viral antigen in the brain and inner ear 
inereased over time in parallel. The appearance of 
the viral antigen also correlated with the marked in- 
crease in viral titers in brain and ear above blood 
levels, This study did not determine the location of 
the primary viral infection and source of the early 
virernia but Papadimitriou has previously shown 
mescthelial cells of the peritoneal cavity to be the 
site ef initial viral replication after ip injection.'® 
Since viral antigen was not seen to spread from neu- 
rons to adjacent nonneuronal cells in either the 
brain er inner ear, this strain of reovirus appears to 
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Fig. 2. Evidence of infection of cochlear ganglion neurons of an infant hamster six days after ip inoculation of the Abney 
strain of reovirus type 3. A) Cell bodies of cochlea- ganglion neurons in the upper modiolus of the cochlea show specific fluo- 
rescent staining of the cytoplasm (x125). B) Cell bodies of neurons of the as turn of the cochlea show specific fluorescent 
staining. In both figures the remaining areas of the cochlea, including the organ of Corti. show no specific fluorescent stain- 


ing. (x200) 


be very neurotropic. These observations demon- 
strate that the neurons of the brain and the ganglia 
of the inner ear were infected simultaneously by a 
viremia. There is no evidence to suggest that the 





Fig. 3. Evidence of infection of vestibular gangliem neu- 
rons of an infant hamster six days after ip inoculat on of 
the Abney strain of reovirus type 3. Specific fluorescent 
staining of the cytoplasm of neuronal alt bodies is present 
(arrows). Autofluorescence of otic capsule bone (F) and 
otoconia of the macula of the utricle (O) is also present. 
(x380) 


eighth nerve ganglia became infected by viral 
spread from the brain. 

Evidence of viral infection of the neurons in the 
eighth nerve ganglia was demonstrated by detection 
of viral antigen within neuronal cytoplasm by im- 
munofluorescent and histological stains. Since reo- 
virus RNA is double-stranded, it should stain green- 
ish by acridine orange dye, and such green cyto- 
plasmic inclusions have been reported in tissue cul- 
ture cells infected with reovirus.'’ In this study, a 
similar but less discrete green cytoplasmic staining 
was seen in some neurons of the eighth nerve 
ganglia and brain. 


Reoviruses are ubiquitous and found worldwide. 
They have been recovered from man and a wide va- 
riety of naturally infected mammals.'® In small 
animals, most strains of type 3 reovirus have a strik- 
ing tropism for neurons in the brain resulting in 
encephalitis.'*'?° In man, however, the majority 
of human infections are asymptomatic or associated 
with respiratory or diarrheal illness.''?! Yet, occa- 
sionally type 3 reovirus has caused encephali- 
tis,'?’? demonstrating that the virus is capable of 
infecting the human nervous system. At present, it 
is unknown whether reovirus plays a role in causing 
labyrinthitis and deafness in man. 
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We have reviewed 126 patients with squamous cell carcinoma of the anterior tongue. Our experience suggests that carcinoma of the 
anterior tongue is a highly aggressive disease. It is no less aggressive and dangerous than carcinoma of the posterior tongue. The clinically 
negative neck is a problem. Many clinical stage I and II cancers are, in fact, stage III when analyzed by the pathologist. This difficulty in 
clinical staging results in a significant management problem when stage III carcinomas are treated as stage I and stage II disease. Manage- 
ment, if it is to cure, must be aggressive. An adequate, wide surgical resection will control early carcinoma of the anterior tongue. Ad- 
vanced cancers of the anterior tongue, clinical stages III and IV, should be widely excised; the cervical lymph nodes on the side of the 
primary lesion must be treated by surgery and radiation therapy. Treatment of the opposite side of the neck is indicated based on a high 
rate of metastases to contralateral lymph nodes in this series. Those patients treated with irradiation who had recurrence did so 
predominantly at the primary site of disease. Patients treated surgically tended to have recurrence in the regional cervical lymphatics. 


The literature on the management of carcinoma 
of the tongue’’’ reveals conflicting, confusing, and 
controversial results. Both surgeons and radiothera- 
pists claim success with early lesions while neither 
group, either singly or in combination, is happy 
with the poor cure rate and quality of palliation for 
advanced cancer of the tongue. 


Tumors of the anterior two thirds of the tongue 
are thought to have a more favorable prognosis, and 
their management is believed to be much less com- 
plicated than tumors of the tongue base. Our ex- 
perience with a series of 126 patients having 
squamous cell carcinoma of the anterior tongue, 
each of whom has been followed for at least three 
years, challenges the view that carcinoma of the 
anterior tongue is a less aggressive disease. Anterior 
tongue cancers are extremely capricious lesions and 
need aggressive treatment. These cancers are no less 
dangerous than posterior tongue cancers. That 
base-of-tongue tumors are discovered at a later 
stage of disease probably is the source of the mis- 
conception that the base-of-tongue cancer is a more 
lethal disease. 


An analysis of the cause of failure following treat- 
ment of tongue carcinomas emphasizes the fact that 
too many clinical stage I and II cancers, ie, with 
clinically negative neck examinations, are in fact 
stage III when the specimen is examined by the pa- 
thologist. The problem which results is that stage I 
and stage II treatment is given when the disease is, 
in fact, stage III. 


METHODS 


One hundred twenty-six patients were treated for squamous 


cell carcinoma of the anterior tongue during the 6'4 years from 
June 1968 through 1974 at the State University of New York Up- 
state Medical Center (Table 1). The median age of patients at the 
time of diagnosis was 60 years. Women comprised 38% of those 
with tumors in the mobile tongue. All patients were followed for 
at least three years or until death, and none included in this series 
were lost to evaluation. 


All patients studied were treated by one of three methods. Sur- 
gery, regardless of the procedure, was always performed with the 
intention of cure. Similarly, when radiotherapy was employed 
alone, a minimum tumor dose of 6,000 rads in six weeks was 
delivered to the primary tumor and both sides of the neck utilizing 
a megavoltage linear accelerator. Attempted salvage, either for 
persistence or recurrence of disease, usually used the treatment 
modality not yet employed in that patient, ie, surgical salvage for 
radiation failures and vice versa. A third treatment modality was 
undertaken as an interdepartmental cooperative program: preop- 
erative radiation to a level of 5,000 rads in five weeks was fol- 
lowed, after a 4- to 6-week therapeutic interval, by a composite 
jaw-neck resection to include the primary cancer, a portion of the 
mandible and a radical neck dissection. 


Reclassification of all patients was performed at the time of 
study utilizing data from the time of treatment planning. Staging 
was performed according to the guidelines of the American Joint 
Committee for Cancer Staging and End Results Reporting, 1976. 


RESULTS 


Stage I. Of the 30 stage I patients, 22 were 
treated initially with surgery and 8 with radiation 
therapy (Tables 2 and 3). Among those patients 
treated initially with surgery, 12 (55%) were cured. 
Three of eight patients (37%) treated with irradia- 
tion were cured. Analysis of the site of failure re- 
vealed several interesting facts. Eight of the ten pa- 
tients in whom surgery failed had spread of their le- 
sion to the regional lymphatic drainage of the neck 
which became clinically apparent after treatment 
of a primary tumor; three of those eight demon- 
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TABLE 1. CARCINOMA OF ANTERIOR TWO-THIRDS 
TONGUE (N = 126) 


Patients 
Stage No. % 
I 30 24 
II 31 25 
III & IV 65 52 
Total 126 100 


strated contralateral metastases. Disease in the re- 
maining two surgical patients recurred locally. In 
other words, eight patients exhibited pathologic 
stage III disease despite clinical treatment as stage 
I. An attempt was made to salvage seven of the ten 
failures. Among these 7 patients, 4 were successfully 
salvaged, 3 by radical neck dissection and 1 with ir- 
radiation. 


When radiotherapy was utilized initially, failure 
most often occurred at the site of the primary 
tumor. Only one patient among five radiation 
therapy failures was salvaged surgically, although 
an attempt was made in all five patients. 


Stage IJ. Thirty-one patients were analyzed 
(Tables 2 and 3). Sixteen were treated primarily by 
surgery and 14 primarily with radiation therapy. 
About one third of each group was cured with ini- 
tial treatment. One patient initially received com- 
bined treatment. 


Ten of the surgically treated patients underwent 
hemiglossectomy. Four of these were cured with in- 
itial therapy; six had metastatic disease in the ipsi- 
leteral regional lymphatics and were treated with 
further surgery or radical radiotherapy to 6,000 
rads. Nevertheless, all six of these patients expired 
of distant metastatic disease despite tumor control 
at the primary site and in the neck. 


The remaining six patients underwent composite 
resection. One was cured initially; one developed 
extension to the contralateral neck which was con- 
trolled by irradiation. One had recurring disease at 


| 

TAELE 3. CARCINOMA OF ANTERIOR TWO-THIRDS 
TONGUE BY FIRST SITE OF FAILURE, STAGE, AND 
| TREATMENT (N = 70 ANT nd 











| First Site of Failure 
Stage end Treatment Local Regional Distant 





; Total- 


S 2 ll 0 10/22 
= 3 2 0 5/8 
ge M 
S l a} 3 11/16 
i -ation 8 l l 10/14 
ge MI 
_— 8 l 0 9/13 
-ation 22 5 0 27/31 
ombined 2 3 3 8/13 


3/83 n contralateral neck. 
5/7 n contralateral neck (3 - alone, 2 - both). 


the site of the primary tumor, but was medically 
able to undergo further treatment. Three died of 
tamt metastases without local recurrence. 


Orly 4 of the 14 patients treated by radiotherapy 
alone were controlled. Among the ten patients 
ase treatment failed, eight (80%) failed at the 
ite ot the original tumor. Surgery salvaged four of 
nine patients in which it was attempted. Thus 8 
tae 14 patients were controlled, yielding a total 
control rate of 59%. 


Ome patient was treated with combined preoper- 
ative irradiation. He is without evidence of recur- 
rent disease. 


Siages III and IV. Sixty-five patients with ad- 
vaneed disease were studied. Overall survival was 


0% with no one therapy showing an advantage 
Tabes 2 and 3). 


A majority of these patients (31 of 57) were 
treated by radiotherapy because of the advanced 
state of their lesions and/or their poor medical con- 
dition. Control rates were poor with only 4 of the 31 
patients so treated responding to the initial course 
of therapy; 17 of the 27 patients whose initial ther- 
apy failed were then operated on despite the initial 
judgment that an operation would not be tolerated. 


TABLE 2. CARCINOMA OF ANTERIOR TWO-THIRDS TONGLE TREATMENT RESULT BY STAGE (N= 118 





Stage and NED 
Treatment No. No. % 
Stage I 
eee 22 12 55 
Radiation 8 3 37 
Stage II 
Surgery 16 5 31 
Radiation 14 4 29 
Combined l l 
Stage III & IV** 
Surgery 13 4 3l 
Radiation 31l 4 13 
Combined 13 5 38 


NED - No evidence of disease. 

*3 - Radical neck dissection; 1 - Radiation therapy. 

tl - Radical neck dissection. 

f - Radiation therapy. 

$3 - Composite; 1 - hemiglossectomy. 

§ - Composite. 

**Results do not include 8 patients treated palliatively. 


Total NED 
Failed Salvaged No. % 
10 4*/7 16 70 
5 1ł/5 4 50 
11 14/6 6 40 
10 4$/9 8 59 
— l 
Q 0/4 4 31 
a 6§/17 10 32 
& 0/3 5 38 
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Six of these 17 patients were salvaged by radical 
surgery. 


In contrast, initial surgery was more effective in 
controlling advanced disease in selected patients. 
Four of 13 patients (31%) were cured in this man- 
ner. Among nine failures, salvage was attempted 
with radical radiotherapy in four patients ard was 
uniformly unsuccessful. 


Planned composite resection after 5,000 rads 
radiotherapy added little to the control of advanced 
disease. Five of 13 patients were cured by com bined 
therapy, but among the remaining 8 failures, none 
could be salvaged. Five of these eight patients had 
recurrent disease within the treatment field (site of 
primary tumor plus regional lymphatics), while 
three others succumbed to distant metastatic 
disease. 


DISCUSSION 


Control of carcinoma of the anterior two thirds of 
the tongue is closely related to both the extent of the 
primary tumor and the state of the regional lymph 
nodes.*-* Analysis of the site of failure of each treat- 
ment mode as well as the attempt of secondary 
treatment to eradicate this failure has confirmed 
the aggressive nature of this cancer. This challenges 
the concept of Martin’ and others that these cancers 
are less aggressive than tongue base carcinomas. 


Small localized lesions (stage I) should be highly 
curable with either radiation or surgery. In this 
series, only half (15/30) of our patients were cured 
by the initial treatment and an additional one third 
(5/15) were salvaged for a total cure rate of 67%. 
This reflects the inadequacy of clinical staging pro- 
cedures; the depth of tumor invasion is important to 
determine the curability of the tumor.’ Too many 
stage I and II cancers are, in fact, pathologic stage 
III. Aggressive management is mandatory for these 
patients since few were salvaged by secondary treat- 
ment. Radical neck dissection was most suceessful 
to cure metastatic disease in cervical lymphatics. 
Patients who were initially treated with radiother- 
apy failed predominantly at the site of primary 
disease, while in surgically treated patients, 
regional lymphatic extension was the main cause of 
failure. It is significant that one third of these recur- 
rences were in the opposite side of the neck. 


Local control following surgical excision of a 
small carcinoma (stage I) was very effective; of 22 
patients treated in such a manner (wedge resection 
of the tongue), only 2 had recurring disease at the 
site of the primary lesion. Over 90% were locally 
controlled. Recurrence was common in the rezional 
lymphatics. 


Regardless of initial therapy, approximate y one 
third of all patients with stage II carcinoma were 
cured. Patients treated primarily with surgery, as 
stage I patients, usually had recurring disease in the 


cervical lymphatics; the disease in five of seven pa- 
tients recurred in the opposite side of the neck. This 
again emphasizes the fact that many clinical early- 
stage carcinomas of the anterior tongue are 
pathologically advanced carcinomas and should be 
treated accordingly. 


Among stage II patients whose initial surgery was 
composite elective neck dissection with resection of 
the primary tumor and mandible, there were no re- 
currences at the surgical site. The message is that, 
despite inadequate staging, one should treat the Ne 
neck with stage II carcinoma of the anterior tongue. 
One patient’s disease metastasized to the opposite 
neck; three others succumbed to distant disease 
three to six years later. In contrast, six of the ten pa- 
tients who were treated with hemiglossectomy 
alone had recurrent disease in the ipsilateral neck. 
The neek metastases were controlled in all six, em- 
ploying radical radiotherapy and/or radical neck 
dissection. However, all six eventually died of dis- 
tant metastases. This suggests that adequate treat- 
ment of the clinically negative neck is advisable in 
stage I and stage II disease because it often behaves 
as stage III disease. This could be accomplished by 
cervical lymphadenectomy or radiotherapy. 


Advanced carcinoma was the only lesion for 
which planned combined therapy was attempted. 
This therapy was not more effective than either 
surgery or radiotherapy alone. Among 13 patients 
treated, 8 failed to respond to their treatment 
regimen. This poor control may be due to inade- 
quate surgical extirpation, a pattern which was also 
present in patients treated with surgery alone. 
Margins at the site of the primary tumor were too 
close in several cases despite extensive procedures, 
and these patients had recurrence at the site of the 
primary tumor. An adequate procedure, guided by 
frozen section histologic examination of surgical 
margins in the operating room, should be more ef- 
fective in controlling advanced carcinoma of the 
anterior two thirds of the tongue. This seems ob- 
vious, but is often neglected. This may require sub- 
total or total glossectomy and the patient should be 
so advised. Local recurrence was rare in patients 
whose margins were adequate histologically, and 
those who failed usually succumbed to distant 
metastases. 


In those patients who received radical radio- 
therapy, 6 of 17 failures were controlled with ade- 
quate composite resection. 


CONCLUSIONS 


Despite early clinical diagnosis of carcinoma of 
the anterior two thirds of the tongue, the data sup- 
port aggressive treatment of these tumors. Our ex- 
perience suggests that carcinoma of the anterior 
tongue is as aggressive and dangerous as carcinoma 
of the posterior tongue. Management, if it is to 
cure, must be radical. 


Stage I and II cancers are often actually stage III 
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cancers, with subclinical disease in the regional cer- 
vical lymphatics. Failure to recognize this fact may 
cause delayed treatment of neck disease and/or in- 
adequate treatment of primary disease. Adequate 
surgery usually controlled primary local disease; 
neck metastasis was most often salvaged with a de- 
layed radical neck dissection. Radiotherapy for cure 
of these early lesions was less successful to control 
local primary disease; observation with the expecta- 
tion of surgical salvage was usually unsuccessful. 


For clinically advanced lesions, there is no. evi- 
dence that combined therapy is superior to surgery 
alone. Surgery should include a wide excision guid- 
ed by histologic examination of the margins; the ip- 
silateral neck must be treated by surgery and radia- 
tion therapy. Radical radiotherapy for cure was 
seldom successful; radiation salvage did not work at 
all. Control of subclinical disease by radiotherapy 
in tae contralateral neck is indicated based on its 
high rate of occurrence in these tongue carcinomas. 
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COMBINED PECTORALIS MAJOR MYOCUTANEOUS FLAP WITH 
~- MEDIALLY BASED DELTOPECTORAL FLAP FOR CLOSURE OF 
LARGE PHARYNGOCUTANEOUS FISTULAS 


ROBERT H. MAISEL, MD 


STEPHEN L. LISTON, MD 


MINNEAPOLIS, MINNESOTA 


The pectoralis major myocutaneous flap has become the new and heavily used tool for head and neck reconstruction. This flap is 
reliable, versatile and allows moving large blocks of skin and soft tissue quickly, with little morbidity to the donor site. This paper describes 
the concept of combining the pectoralis flap with an ipsilateral medially based deltopectoral flap, to reconstruct a large pharyngostome. 
The skin incisions must be correctly drawn and the flaps elevated in sequence to prevent interruption of blood supply to the deltopectoral 
flap. Using the techniques described in the paper, rapid rehabilitation with little morbidity can be achieved. 


The pectoralis major myocutaneous flap repre- 
sents a new concept in reconstructive head and neck 
surgery.' The idea of the myocutaneous flap was in- 
troduced as a latissimus dorsi flap for breast recon- 
struction at the turn of the century by Tansini.?” 
The thought lay dormant until the 1950s when local 
myocutaneous flaps were used to reconstruct the 
palate,* the leg,® and the breast. McGregor,® work- 
ing during the 1960s, described both an arterially 
based forehead skin flap and a groin flap, gaining 
his perception of these flaps from the medially 
based deltopectoral skin flap popularized by Bak- 
amjian.’ McGregor and Morgan pursued their ideas 
about flaps further and defined both axial and ran- 
dom pattern skin flaps.® 


The surgical advantage of an axial flap, which 
has a recognizable arterial and venous circulation 
that the long axis of the flap can follow and which 
yields branches to the dermal-subdermal plexus, is 
clear. Such a flap has no length-to-width restric- 
tion, but is limited only by the length of the arterial 
pedicle. The pectoralis major muscle has a vascular 
path from the thoracoacromial (an axial segmental 
artery), which branches from the axillary artery. 


Large flat-bellied muscles of the neck and torso 
(latissimus dorsi, trapezius and pectoralis major) 
represent available axial myocutaneous flaps and 
the skin over these flaps is fed by musculocutaneous 
perforating vessels from the deep segmental vessels. 
The gross and microscopic surgical anatomy of the 
pectoralis major muscle has been defined and the 
pectoralis branches of the thoracoacromial vessels 
traverse the deep surface of the pectoralis major on 
an axis from the acromion to the xiphoid, after they 
have pierced the clavipectoral fascia at the upper 
border of the pectoralis minor muscle.?""' 


The pectoralis major myocutaneous flap can be 
elevated as an island flap and can be freed from its 


heads of origin at the medial half of the clavicle, the 
anterior sternum and adjacent upper six costal car- 
tilages, and occasionally the aponeurosis of the ab- 
dominal external oblique muscle, to increase mobil- 
ity. Similarly, its insertion into the humerus can 
also be interrupted. 


The flap has become widely used and it performs 
admirably as a skin island flap used for skin cover- 
age in the head and neck as well as for mucosal re- 
construction in the pharynx and esophagus. 


The workhorse flap of the past 15 years for head 
and neck reconstruction has been the medially based 
deltopectoral skin flap. This has been the standard 
technique for closure of large pharyngostomes or eso- 
phagostomes with anterior neck resurfacing. Many 
procedures have been conceived, from Wookey’s”” 
technique and other local flaps to the use of bilater- 
al deltopectoral flaps.'*:'* The risk of failure and tis- 
sue necrosis from local flaps after neck dissection or 
heavy radiation mitigates against them. Bilateral 
medially based deltopectoral flaps require multiple 
procedures, and while successful, require extensive 
skin grafting and staging. We describe a combina- 
tion of pectoralis major myocutaneous flap for the 
inner lining, and skin resurfacing with an ipsilateral 
medially based deltopectoral flap. 


CASE REPORT 


A 70-year-old male was seen for odynophagia with radiation of 
pain to the right ear. Indirect laryngoscopy showed an ulcerative, 
suprahyoid squamous carcinoma of the laryngeal surface of the 
epiglottis. Direct laryngoscopy and biopsy confirmed the size, 
location, and diagnosis. The patient had severe restrictive and ob- 
structive pulmonary disease and full course x-ray therapy was 
elected for his treatment. At eight weeks postcompletion of x-ray 
therapy, residual tumor was obvious, and the pain had returned. 
No neck nodes were palpable. A wide-field laryngectomy was 
performed following confirmatory biopsy 12 weeks after x-ray 
therapy. The lesion at the time of surgery appeared to involve 
50% of the epiglottis with invasion through to the lingual surface 
and with vallecular involvement. 
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Fig. 1. Patient is shown 12 weeks after surgery with all 
wounds healed. 


Healing was complicated by a pharyngocutaneous fistula evi- 
dent on day 10 and treated by incision and drainage of the neck 
skin with midline diversion of the salivary stream. The wound 
was cleaned and debrided over the next 20 days in the hospital 
and the patient discharged with a 5-cm pharyngeal opening and 
an 8 x 10 cm skin dehiscence. Six weeks of home care demon- 
strated no shrinkage of the fistula and the patient was admitted 
for a combined right pectoralis major myocutaneous flap with a 
right medially based deltopectoral flap. 


Early healing appeared excellent but at six days, a draining fis- 
tula was noted at the superior lateral junction of the flaps with the 
recipient bed. This area and a dehiscent 1-cm superior skin layer 
of the deltopectoral flap, where it met the recipient neck skin, 
were treated by debridement and continuous suction te the phar- 
ynx through the fistula for ten days. The patient was then 
discharged and the wounds closed by secondary intention over a 
period of three weeks. The neck is presently completely healed 
and the patient is swallowing and using a Blom-Singer tube for 


speech (Fig. 1). 
DISCUSSION 


This case addresses the versatility and survivabil- 
ity of the pectoralis major myocutaneous flap and 





based 





dicates a new combination of available flaps. The 
pectore is major flap appears to be the most suitable. 
vascular regional flap,'''''S and has survived in all 
cases when used by the present authors as well asin | 
those described by the recent literature.'® Failures © 
have eccurred secondary to the torsion of the pedi- 
cle and hematoma but the flap when carefully .de- 
signec and correctly placed should survive in every 
ase. Tne surgeon’s attention to gentle handling of 
the tissLes near the pedicle and meticulous attention 
to hemostasis with the use of suction drainage 
makes tnis flap successful. The skin edges frequently 
require secondary healing to grow satisfactorily to 
the heavily radiated recipient bed but with good 
local weund technique, excellent healing will occur 
and onl, a single procedure will be required. 


he present case describes our use of the pector- 
alis maor flap with deltopectoral flap to close a 
large pharyngocutaneous fistula with skin break- 
down ir a two-flap, single-staged operation which 
further -onfirms the value of this new flap to the 


head and neck surgeon. 


The technique of the pectoralis major myocutan- 
eous fla> has been described elsewhere.*"''''® Our 
recommendation, which builds on the observation 
of Theogaraj et al,'’ is that when both a pectoralis 
major myocutaneous flap and a deltopectoral flap 
are cons dered either synchronously or metachron- 
ously, the skin incision should be outlined as shown 
in Figure 2. When used simultaneously the super- 
iorly based skin island should begin from the infer- 
ior transverse line demarcating the deltopectoral 
flap. Ths is similar to Shumrick’s concept of using 
the inferior limb of a Macfee neck dissection inci- 
sion as the superior incision of a deltopectoral flap 
used for pharyngeal reconstruction." 


e pectoralis major flap can be used as a trans- 
fer for aa island of skin with muscle as a secondary 





i con 


Fig. 2. A) The skin paddle of the myocutaneous pectoralis major flap is eutlined immediately subjacent to the medially 
datopectital flap. B) The skin and soft tissue around the pharyngocataneous fistula is debrided to healthy tissue and 


prepared for receiving the sandwich graft. The latter is elevated and then th- myocutaneous flap is developed and sutured, 


skin side inward, to the pharynx (arrow). C) It is then covered by the delt 
a split thickness skin graft to cover laterally where primary closure 


ral flap. The donor site is sutured closed with 
was diffxult. 
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procedure after a deltopectoral flap since the inci- 
sion for the former is merely a road to the muscle 
proximally, and the skin island of the pectoralis 
muscle flap is placed inferior to the deltopectoral 
incisions. LERS 


The reverse is probably not true since the axial 
(pectoral) part of the deltopectoral flap demands 
that no vertical incision of the chest skin and sub- 
cutaneous tissue cross the tissue to be included in the 
flap. Therefore, it is requisite in doing a combined 


flap or in performing a myocutaneous pectoralis 
major flap in a patient where a subsequent ip- 
silateral deltopectoral flap is to be considered’! to 
outline the inferior transverse skin incision of the 
deltopectoral flap before initiating the shoulder-to- 
xiphoid incision recommended by Ariyan and Cuo- 
no.' This elevation permits full use of either flap 
without compromise and allows one side of the 
chest to be used for both layers of the closure of a 
large midline pharyngeal fistula or planned full- 
thickness pharyngeal and neck resection. 
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CHARACTERISTICS OF TISSUE PLASMINOGEN ACTIVATOR FROM 
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Tissue extract of paranasal mucous membrane from patients with chromic sinusitis was found to show a large lysis area on plasmin- 
ogen-rich fibrin plates, but not on plasminogen-free fibrin plates. This indicates the existence of tissue plasminogen activator in the tissue 
extract. Further studies by the gel filtration technique showed that two plasminogen activators of different molecular weights were present 
in the tissue extract. The existence of tissue plasminogen activator with a low movecular weight has not previously been reported. This ac- 
tivator is labile at neutral pH at 37° C, but stable om fibrin under the above conditions. The molecular weight of this compound is lower 
than that of cytochrome c. It may be a compound which is proteolytically modi‘ied by proteases, ie, trypsin-like enzymes, existing in the 


paranasal mucous membrane tissue of patients with chronic sinusitis. 


INTRODUCTION 


Plasminogen activator has been reported to exist 
in various body fluids and organs. These imclude ur- 
ine,’ milk,’ bile,* saliva,’ tracheobronchial secre- 
tions,° tissue extracts of various organs,’ ® and leu- 
kocytes’?’ and macrophages'’®'' in the circulating 
blood. In the otorhinolaryngological field, large 
amounts of tissue plasminogen activator (TA) have 
been reported to exist in the nasal and paranasal 
mucous membranes. '?-'4 


The present paper deals with TA from the 
paranasal mucous membrane of patients with 
chronic sinusitis, and attempts to clarify some of the 
biochemical properties of the TA which may play 
an important role in modifying the inflammatory 
responses. 


METHODS 


Acetone Powder Preparation from Paranasal Mucous Mem- 
brane. Paranasal mucous membrane surgically removed from 30 
patients with chronic sinusitis was dissected into small pieces in a 
cold room (4° C), and washed many times with cold physiological 
saline to exclude contaminant blood and pus. The fragmented 
pieces of tissue were then centrifuged at 3,000 rpm at 4° C for 15 
minutes. After discarding the supernatant, cold acetone was 
added to the precipitate in the proportion of 10 ml/l g of tissue, 
and the mixture was homogenized for 15 minutes in the cold room 
with an Ultra homomixer (Nihon Seiki Kaisha Ltd.). The homo- 
genate was then filtered through a filter paper and the retained 
fraction was dried in vacuo. 


Extraction of TA from the Acetone Powder Preparation. Fifty 
milliliters of 2 M KCl was added to 3 g of the acetone powder, 
and the suspended solution was stirred for six hours at 4° C. After 
centrifugation at 3,000 rpm for 15 minutes, the supernatant ob- 
tained was diluted ten times with phosphate buffer (M/15, pH 
6.8) for use as starting material in the subsequent investigations. 


Reagents. Fibrinogen (Cohn’s fraction I, bovine, Miles 
Laboratory) was dissolved in borate saline buffer (pH 7.8). 
Thrombin (bovine, Mochida Pharm. Co. Ltd.) was dissolved in 
physiological saline. Trypsin (lyophilized, 238 units/mg, Worth- 
ington Biochem. Co. Ltd.) was dissolved in phosphate buffer 
(M/15, 2H 6.8). Papain (a sodium acetate suspension of the re- 
crystallized powder, Sigma Biochem. Co. Ltd.) was dissolved in 
phosphate buffer (M/15, pH 6.8). Streptokinase (SK), (Kabi- 
kinase®. Kabi Laboratory) was dissolved in physiological saline. 
Lysine-sepharose (sepharose 4B substituted with L-lysine, Daiichi 
Pure Chem. Co. Ltd.) was prepared. 


As synthetic inhibitors, N-a-p-tosyl-L-lysine chloromethyl 
ketone HCl (TLCK), p-chloromercuri-benzoic acid (PCMB) (Sig- 
ma Biochem. Co. Ltd.), and trans-4-aminomethylcyclohexane-1- 
carboxylic acid (t-AMCHA) (Daiichi Pharm. Co. Ltd.) were 
dissolvec in phosphate buffer (M/15, pH 6.8). Sephadex® G-50 
anc G-200 (Pharmacia Fine Chem. Co. Ltd.) were swollen with 
phoesphaze buffer (M/15, pH 6.8). 


Determination of Protease and Plasminogen Activator Ac- 
tivities in the Extract. To estimate the protease and plasminogen 
actrvator activities, standard fibrin plates (st. plates) and plasmin- 
ogen-free fibrin plates (free plates) were used. The st. plates were 
prepared from plasminogen-rich fibrinogen and thrombin as 
described by Astrup and Miillertz.'S Plasminogen-free fibrinogen 
was prepared by affinity chromatography using lysine- 
sepharose'®'* and used to make the free plates as described by 
Astrup end Miillertz.'® 


Fractionation of the TA Preparation with Ammonium Sul- 
phete. The TA preparation (starting material) was fractionated at 
4° C by adding solid ammonium sulphate to 33% saturation. The 
solution was centrifuged at 3,000 rpm at 4° C for 15 minutes and 
the precipitate obtained was dissolved in phosphate buffer (M/15, 
pH 6.8. The supernatant was fractionated at 4° C by the addi- 
tion of solid ammonium sulphate to 50% saturation according to 
Dixon's method."’ Finally, the supernatant was fractionated at 4° 
C in ammonium sulphate at 75% saturation. The details of the 
fractionation procedures with ammonium sulphate are sum- 
marized in Figure 1. 


Gel Filtration of the Above Fraction. Gel filtration for de- 
salting the ammonium sulphate from the precipitate and for an- 
alyzing the molecular size of the TA was carried out according to 
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Paranasal mucous membrane 
homogenization with cold acetone 
acetone powder 
extraction with 20M KCI 
extract 


centrifugation at 4°C 


supernatant sediment 


33% saturation with 
ammonium sulphate 





supernatant precipitate 


50% saturation with 
ammonium sulphate 


dissolved in ahosphate 
buffer (MA5, pH 6.8 


sephadex G-50 





supernatant precipitate 


75% saturation with 
ammonium sulphate 
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buffer (M/15, pH 6. 8) 





sephadex G-50 
supernatant precipitate 


dissolved in phosphate 
buffer (M/15, pH 6. 8) 


sephadex G-50 
sephadex G-200 


Fig. 1. Fractionation procedures of tissue extract with 
ammonium sulphate. 


Flodin and Killander’s procedure.” A 1.6 x 70 cm Sephadex 
G-200 column and a 2.6 x 40 cm Sephadex G-50 column were 
equilibrated with phosphate buffer (M/15, pH 6.8) at 4° C. The 
eluate was collected using an automatic fraction collector (LKB); 
2.6 ml was collected in a test tube on Sephadex G-200 and 5.2 ml 
was collected in a test tube on Sephadex G-50. The protein con- 
centration of the eluate was measured with a spectrophotometer 
(Hitachi) at 280 nm. 


Determination of the Inhibitory Effect of Synthetic Inhibitors 
on the TA with Low Molecular Weight. The inhibitory activity of 
three synthetic inhibitors (t-AMCHA, TLCK and PCMB) on the 
TA with low molecular weight was estimated using st. plates con- 
taining the inhibitors at concentrations of from 107 to 107 M. 


Estimation of the pH and Thermostability of the TA With Low 
Molecular Weight. The solution of low molecular weight TA was 
adjusted to pH 3-9 with 0.1 M HCl or solid TRIS (hydroxymethyl) 
aminomethane and the mixture was then heated for 30, 60 or 120 
minutes at 37° C or 60° C. Solutions so treated were cooled to 0° 
C in ice water, neutralized to pH 7 and immediately applied to st. 
plates. 
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Fig. 2. Gel filtration of the 33% ammonium sulphate 
precipitate on Sephadex G-50. The activities of the frac- 
tions were determined by the standard fibrin (st.) plates. 
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Fig. 3. Gel filtration of the 50% ammonium sulphate 


precipitate on Sephadex G-50. The activities of the frac- 
tions were determined by the st. plates. 


RESULTS 


Gel Filtration of Ammonium Sulphate Precipi- 
tates. When the fibrinolytic activities of the frac- 
tions were measured on st. plates, the 33% ammon- 
ium sulphate precipitate from the extract showed 
one peak of fibrinolytic activity on Sephadex G-50 
gel (Fig. 2). However, the 50% and 75% ammon- 
ium sulphate precipitates revealed two peaks of ac- 
tivity on the same gels (Figs. 3 and 4). On the other 
hand, when the fibrinolytic activities of the frac- 
tions were measured on free plates, no fibrinolytic 
activities were observed in the 33% , 50% , and 75 % 
ammonium sulphate precipitates. 


Molecular Weight of the TA. The 75% ammon- 
ium sulphate precipitate presented two peaks of 
fibrinolytic activity on Sephadex G-200 gel (Fig. 5) 
as well as on Sephadex G-50 gel. The eluates con- 
taining compounds of high molecular weight 
showed the properties of plasminogen activator and 
SK-reactive activator (proactivator), but the eluates 
containing low molecular weight compounds 
showed the properties of plasminogen activator on- 
ly (unpublished data). In the determination of 


150 
Ea Ore 
A E 
~ © 
5 @ 
v © 
U 

yw 
B10 = | 
= = 
S 
NO 
7 

š 0 





fraction number 


Fig. 4. Gel filtration of the 75% ammonium sulphate 
precipitate on Sephadex G-50. The activities of the frac- 
tions were determined by the st. plates. 
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Fig. 5. Gel filtration of the 75% ammonium sulphate 
precipitate on Sephadex G-200. The activities of the frac- 
tions were determined by the st. plates. 


molecular weight, the TA with low molecular 
weight eluated later than cytochrome c (Fig. 6). 


Effect of Synthetic Inhibitors on the TA with 
Low Molecular Weight. At a5 x 10% molar concen- 
tration, t- AMCHA inhibited the activity of the TA 
with low molecular weight most. At a 10° molar 
concentration, PCMB and TLCK did not inhibit 
the activity of the TA with low molecular weight 
(Fig. 7). 


Stability of the TA with Low Molecular Weight. 
Maximum fibrinolytic activity was observed at pH 
6.8 and a low level of fibrinolytic activity was ob- 
served at pH 3.0. As regards thermostability, the 
TA with low molecular weight was labile at 37° C, 
at pH 6.8 and 8.2. Almost all of the fibrinolytic ac- 
tivity was lost on heating at 60° C (Fig. 8). 


DISCUSSION 


Some of the characteristics of the TA in nonde- 
fatted paranasal mucous membrane from patients 
with chronic sinusitis have been described by 
Miura?! and Okanishi.””? Recently, however, extrac- 
tion from defatted tissue has been reported to be ap- 
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Fig. 6. Molecular weight determination of the tissue 
plasminogen activator (TA) with low molecular weight 
and some standard proteins using Sephadex G-200. Ve - 
Eluated volume. 
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Fig. 7. Effect of synthetic inhibitors on the TA with low 
molecular weight. © ——-—— @ - t-AMCHA; x————x - 
PCMB; O———— 0O - TLCK. 


propriate for the purification of TA, since if lipids 
contam:nate the TA, the solubility of the TA should 
decrease leading to TA aggregation.”* Accordingly, 
we made an acetone powder preparation from par- 
anasal mucous membrane using the methods of Hij- 
ikata et al?* and Bachmann et al.”® 


In the extract of the acetone powder preparation, 
fibrinolytic activity was detected on plasminogen- 
rich fibrin plates but not on plasminogen-free fibrin 
plates. Based on this result, it can be said that plas- 
minogen activator is present in the extract but other 
proteelytic enzymes, including plasmin, are not. 
Furthermore, the TA preparation was purified par- 
tially an using the ammonium sulphate precipita- 
tion and gel filtration techniques to clarify some of 
the properties of the TA. On Sephadex G-50 gel, the 
precipitate prepared with 33% ammonium sul- 
phate was found to contain only TA with a high 
molecular weight or SK-reactive activator (proacti- 
vator), whereas precipitates prepared with 50% or 
75% ammonium sulphate contained two kinds of 
TA with different (high and low) molecular 
weights. Although the physicochemical properties 
of the TA with high molecular weight were not in- 
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Fig. 8. Stability of the TA with low molecular weight. 
C————O - Heating at 37° C, pH 6.8; @ ———— © - 
Heating at 60° C, pH 6.8; 1 ————LU - Heating at 37° 
C. pH 8.2; W———— WE - Heating at 60° C, pH 8.2. 
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vestigated in detail in the present study, t was 
thought that they might well be similar to those of 
the SK-reactive activator (proactivator) in antro- 
choanal polyps.” The physiocochemical properties 
of the TA with high molecular weight in the para- 
nasal mucous membrane of patients with chronic 
sinusitis are now being studied further. 


The TA with low molecular weight was found in 
the precipitates prepared with 50% or 75% am- 
monium sulphate on Sephadex G-50 and G-200. 
The molecular weight of this TA was less then that 
of cytochrome c (12,000 daltons), ie, some 5,000 to 
10,000 daltons, based on determinations by gel 
filtration on Sephadex G-200. 


The molecular weights of TA obtained from vari- 
ous organs have so far been determined by only a 
few investigators.” >° The general molecular 
weight range of the TA has been from 46,)00 to 
69,000 daltons. However, Cartwright reported that 
the molecular weight of TA from porcine parotid 
glands is 20,000 to 25,000 daltons.*! Even so, the 
TA in the present paper clearly exhibits the lowest 
molecular weight so far determined. 


The effect of synthetic proteinase inhibitors on 


the TA with low molecular weight was investigated 
using fibrin plates. At a concentration of 5 x 10° M, 
t-AMCHA inhibited the fibrinolytic activity of the 
TA strongly, but PCMB and TLCK showed no inhi- 
bition at a concentration of 10-5 M. These results in- 
dicate that the fibrinolytic enzyme with low molec- 
ular weight is not an SH-protease or a trypsin-like 
enzyme, but is a plasmin or plasminogen activator. 
In fact, because the fibrinolytic enzyme did not 
show a lytic zone on free plates, it can be concluded 
that this fibrinolytic enzyme is a plasminogen ac- 
tivator. Observations of the pH stability revealed 
that the TA with low molecular weight was similar 
in properties to the TA obtained from pig heart and 
ovary. However, observations of the thermostabili- 
ty showed that the TA with low molecular weight 
was extremely thermolabile, in contrast to other 
TAs so far reported. 


It is suggested that TA with the above properties 
is produced by a mechanism involving proteases, ie, 
trypsin-like enzymes, at the locus of the chronic in- 
flammation in the paranasal mucous membrane. 
Such proteases are thought to react with the TA of 
high molecular weight resulting in the production 
of TA with low molecular weight. 
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NASAL DECONGESTANT EFFECT OF PROPYLHEXEDRINE 


LYLE H. HAMILTON, PhD 


MILWAUKEE, WISCONSIN 


Propylhexedrine was evaluated for its objective and subjective effectiveness and duration of action as an inhaled topical nasal 
decongestant. It was studied with and without aromatic oils in subjects with nasal congestion due to acute upper respiratory infection 
(URI) or to allergic rhinitis. A logarithmic transformation of nasal airway resistance (R,) was performed to allow the application of stan- 
dard statistical tests to R, changes. Subjective rating scales for congestion and symptoms were analyzed by nonparametric statistical pro- 
cedures. R,, was statistically decreased from control values for 120 minutes after propylhexedrine vapors. Responses were the same for sub- 
jects with URI and allergic rhinitis, and no effect of the aromatic oils could be demonstrated. A comparison of the relationship between ob- 
jective and subjective assessments of congestion demonstrated that the subjective rating scale had reduced sensitivity and poor reliability 


when compared with the objective measurement of R.. 


Propylhexedrine, 1-cyclohexyl-2-aminopropane, 
is widely used as the active ingredient in topical 
nasal decongestant inhalers. Its effectiveness was 
demonstrated by Sulman’ with 51 patients having 
sinusitis and nasopharyngitis. He reported more 
than a 75% shrinkage of the nasal mucosa in 49 pa- 
tients and 50% shrinkage in the remaining two pa- 
tients. The decongestant effect lasted 1 to 2 hours in 
most trials, with a persistence for 3 hours in one pa- 
tient and for less than 45 minutes in five cases. To 
our knowledge, other data have not been published 
in the medical literature, and no previous studies 
have compared the response in objectively mea- 
sured nasal airway resistance (R,,) with the subjec- 
tive assessment of a change in nasal congestion fol- 
lowing treatment with propylhexedrine. 


This report describes the effectiveness and dura- 
tion of action of propylhexedrine on nasa! conges- 
tion due to a) ragweed pollen in sensitized indi- 
viduals, and b) an acute upper respiratory infection 
(URI) in otherwise healthy normal individuals. Ob- 
jective measurement of R,„ and subjective ratings of 
the degree of congestion, other symptoms, and re- 
lated side effects were measured prior to and up to 
four hours after administration of the medication. 


METHODS 


All subjects used in the study were otherwise healthy in- 
dividuals between the ages of 12 and 57 years who were not under 
a physician’s care and were not taking medication. Potential sub- 
jects were excluded if they were pregnant or nursing a child, had 
known hypersensitivity to or chronically used nasal inhalers, or 
had a control R, less than 2 em H,O/L/s (considered to be the up- 
per limit of the normal range). Subjects were classified as being 
congested due to allergy or URI on the basis of the history pro- 
vided by the subject and the seasonal nature of allergy symptoms. 


Three types of inhalers, two medicated and one placebo 
(blank), were used for the studies reported here. Fifteen subjects 
with URI and 15 subjects with allergic rhinitis used inhalers con- 
taining 250 mg of propylhexedrine + 250 mg of arcmatic (men- 
thol, camphor, methyl salicylate, bornyl acetate, lavender oil). 


An additional 25 subjects with URI used inhalers containing 250 
mg propylhexedrine but no aromatics. Each group was compared 
with an equal number of volunteer subjects (40 with URI and 15 
with allergic rhinitis) selected by random to use placebo inhalers 
containing only a blank wick, and tested in the same serial se- 
quence as the subjects receiving propylhexedrine. 


Nasal airway resistance was measured with a nasal airway re- 
sistance computer previously described by Hamilton and Christ- 
man.’ The system is based on posterior rhinometry, in which 
nasal airflow is measured with a pneumotachometer mounted on 
a modified scuba mask, and the driving pressure is measured as 
the difference between pharyngeal and mask pressure. Voltage 
signals representing the ratio of pressure to flow, updated breath- 
by-breath, were recorded as R, on a strip-chart recorder. The R, 
for each subject was calculated as the mean of four values for in- 
spiratory R, at 0.5 L/s for each time period measured. 


After the subjects met the criteria and were accepted into the 
study, they were instructed in the technique for the measurement 
of R, and in the completion of a form (Table 1) which rated their 
subjective assessment of nasal congestion and reported any symp- 
toms or side effects. 


After at least 30 minutes in the laboratory, the first R, measure- 
ment was recorded and the subjective rating form was completed. 
However, the criteria for remaining in the study depended on 
having R, equal to or exceeding 2.0 cm H,O/L/s at 0.5 L/s in- 
spiratory flow at 0-time for the study, which was no sooner than 
one hour after coming to the laboratory. 


Subjects who met the criteria at 0-time used their assigned in- 
halers under the supervision of laboratory personnel, and re- 
mained in the lounge and the laboratory where the measurements 
were made. Smoking of nonmentholated cigarettes was allowed 
in a designated area, but not within 15 minutes of a measure- 
ment, and with the subjects recording the number of cigarettes 


smoked. 


Prior to each measurement of R,, the subject completed the 
report form shown in Table 1. This procedure was followed at 
—30 minutes, 0-time, and 10, 30, 60, 90, 120, 180 and 240 
minutes after using the placebo. 


STATISTICAL ANALYSIS 


To establish the existence of a normal distribution 
of the data to be analyzed, R, values and some 
transformations of R„ were assessed for skewness at 
three time periods early in the study. The distribu- 
tion of the logarithm of R, was not skewed at any 
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TABLE 1. RATING SHEET USED BY THE SUBJECTS FOR SUBJECTIVE aSSESSMENT OF NASAL CONGESTION, RELATED 
SYMPTOMS, AND SIDE EFFECTS FRƏM THE MEDICATION 


No.63 0 5 3, 


6 = Completely blocked 


No. 117 1 1 7 


EXAMPLE: Fill in time that is announcec Minute 1 8 0 orhour 0 0 3 


Select the NUMBER which corresponds with ‘the 
word which best describes how stuffy your nose is at 
this moment. Record for each nostril. 


2= Moderate: Annoying, but not severe erough to alter daily routine 


(“Other” may include smell, taste, burning. itching, or any other unspecified sensation which is dis- 


tracting or unpleasant. Please specify the complaint if this box is used. 


Since the last time you were asked this question, indicate the number of times you have sneezed and 


Registration No. ___ EXAMPLE: No.1 0 0 1, 
Patient No. CE 
Study period ROER 
L R l = Clear 4 = Quite stuffy 
Nasal congestion D ee 2= Almost clear 5= Very stuffy 
3 = Stuffy 
0 = None 
Headache _ l = Mild: Aware of discomfort, but nat armoying 
2= Uncomfortable and annoying 
Nausea n 0 = None 
Nervousness = l = Mild: Aware of discomfort, but næ am-oying 
Drowsiness e 
Dizziness aA 3 = Severe: Very uncomfortable 
Other een 
blown your nose 
Sneezes Tii 
Nose blows TA Sneezes 0 3 Nose blows 1 1 


Cigarettes in last hour 


period examined, so all R, values were transformed 
to their logarithms prior to the application of para- 
metric statistical analyses. Data are presented as the 
geometric mean (antilogarithm of the mean of ln 
R„) when R, is reported (Fig. 1). 


The change in R, at each time period from the 
value at 0-time was calculated for such subjects. 
These paired-sample changes were tested for sta- 
tistical significance by the Student t test. Unpaired 
analyses were necessary to compare the mean re- 
sponse of each group receiving propylhexedrine 


PLACEBO, n=55 


5.0 C-TIME MEAN 





4.0 
3.0 
I = SEM 
PROPYLHEXEDRINE, W=55 4 4.09: 
40 O-TIME MEAN 


Rn. cm H20/L/s 





-60 0) 60 120 180 240 
MINUTES 


Fig. 1. Geometric mean values for R,, measured before 
and tor four hours after administration of placebe or pro- 
ylhexedrine in subjects with nasal congestion due to al- 
ergic rhinitis or upper respiratory infection. Vertical lines 
represent the antilogarithm of 1 SEM. 


wita the mean response of its corresponding placebo 
group at every time period. Such unpaired statisti- 
cal ane-yses were also made between the responses 
of subj2cts with URI who were treated with propyl- 
hexedr ne and those with allergic rhinitis who were 
similarly treated; between the URI subjects who re- 
ceived propylhexedrine plus aromatics and the URI 
subjects who received propylhexedrine without aro- 
matics. and, finally, between the 55 subjects who 
received propylhexedrine and the 55 who received 
only the placebo treatment. 


The subjective ratings for nasal congestion in 
each nestril were summed to provide a value called 
the “subjective congestion index” (SCI). The SCI 
and the reports of symptoms and side effects were 
evaluated by nonparametric statistical methods. 
The Wilcoxon Rank Sum test was used to compare 
the ceurnulative scores for each rating scale from all 
subjects receiving propylhexedrine with those from 
all sabgcts using the placebo inhaler. A comparison 
was als» made of the cumulative scores for subjects 
repcrting symptoms prior to, compared with only 
afte-, use of the propylhexedrine and placebo in- 


halers. 


Aa a:sessment of the relationship between the ob- 
jective and subjective evaluation of nasal congestion 
was mede with a graphic display of individual val- 
ues sor SCI and R,„ recorded during the study. These 
values end a comparison of the responses in SCI and 
R,, (expressed as a change from 0-time values for 
each m2asurement) are displayed as scattergrams in 
Figure 2. 


RESULTS 


Equi ibration Period for R, and Response to the 
Placebc. Figure 1 presents the geometric mean R, 
values at each time period for all subjects who 
rece ved the placebo (top) and all who received pro- 
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Fig. 2. Subjective (SCI) vs objective (R„) measurement of nasal congestion. Scattergram plots of all SCI and R,„ values 


from subjects receiving medication and those who used the 
for SCI and R, in those same subjects who used the propy 


pylhexedrine (bottom). The vertical lines represent 
the antilogarithm of 1 SEM. An asterisk identifies 
the points which are statistically different from the 
0-time value, based on a change in R, for each sub- 
ject and the application of paired-sample statistics 
to the change in nasal patency. 


Both groups of subjects had an increase in R,, be- 
tween — 30 minutes and 0-time. Paired-sample dif- 
ferences (In of 0-time value minus In of — 3C minute 
value for each subject) were significant for the 
placebo group (p<0.001) and for the propylhex- 
edrine group (0.04<p<0.035) during that time 
period. The R,„ of the placebo group remained ele- 
vated after that, and did not fall significantly for 
the rest of the study period. 


Effect of Propylhexedrine on R„. The lower plot 
in Figure 1 represents the trend of geometric mean 
values for R, for all subjects who received pro- 
pylhexedrine. The decrease in R, from the 0-time 


hh 


lacebo inhaler; and plots of the responses (changes from 0-time) 
exedrine and placebo inhalers. 


values remained statistically significant (p>0.05) 
for 120 minutes after use of the inhaler. 


There was no difference between either the ef- 
ficacy or the duration of effect between URI and 
allergic rhinitis subjects, or between URI subjects 
administered propylhexedrine plus aromatic and 
those treated with propylhexedrine alone. 


Subjective Rating of Response to Propylhexe- 
drine. A comparison of the objective response in 
nasal airway resistance (R,) and the subjective 
assessment of SCI revealed that a relationship ex- 
isted between them, but that R, was not particular- 
ly deterministic of SCI. 


Mean values for SCI scores at each time period 
for all subjects using propylhexedrine and placebo 
inhalers are presented in Table 2. When the effect 
of medication was compared to the effect of the 
placebo, there was no difference between the — 30 
minute and the 0-time rating. Although the scores 


PROPYLHEXEDRINE EFFECTIVENESS 


TABLE 2. SUBJECTIVE CONGESTION INDEX FOR 
SUBJECTS USING INHALERS 


SCI Mean Value 


Time Period Propylhexedrine Placebo 
min n=59 n=59 
— 30 5.8 5.8 >0.700 
0-time 5.6 5.8 
10 4.2 5.3 < 0.005 
30 4.1 5.0 < 0.005 
60 4.5 4.9 0.067 
90 4.4 4.8 >0.400 
120 4.4 4.7 > 0.300 
180 4.8 4.7 > 0.600 
240 4.8 4.5 > 0.100 


p - Value is for no difference existing between the response (change from 
0-time) to the placebo and the response to propylhexedrine at each time 
period. 


were reduced from 0-time at all periods after treat- 
ment with either propylhexedrine or placebo, there 
was a sharper reduction in SCI for the subjects who 
received propylhexedrine than for those who used 
the placebo inhaler at 10 minutes and 30 minutes 
after treatment (p<0.005), and the difference was 
still borderline (0.1>p>0.05) after 60 minutes. 
The lack of a difference later in the study reflected a 
gradually decreasing SCI score in the placebo group. 
This pattern of change in the subjective estimate of 
nasal congestion was not seen in the objective R,, 
measurements made at the same time (Fig. 1). 


The scattergrams presented in Figure 2 show the 
poor relationship which was recorded between each 
R,, value and the corresponding SCI score. The rela- 
tionships were plotted separately for subjects receiv- 
ing propylhexedrine and those using the placebo in- 
haler in order to demonstrate graphically that large 
changes in R, (in both groups) were not accurately 
reflected in any SCI scores, and that the pattern in 
the placebo group did not mask SCI changes follow- 
ing propylhexedrine. A tendency for a positive cor- 
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relation could be observed by inspection of the scat- 
tergram 


Althoazh there were statistically significant 
decreases in SCI scores at 10 and 30 minutes after 
treatmea-, and a nearly significant change after 60 
minutes, its magnitude of response was small, and it 
showed a poor relationship to the objective R,, value 
measurec at the same time. 


Duratwn of Propylhexedrine Effectiveness. Pro- 
pylhesecrine produced a statistically significant re- 
ducticr m R, for two hours in subjects congested by 
allergic ~hinitis or upper respiratory infection. The 
duratcm of subjective relief, based on subjective 
ratings for nasal decongestion (SCI scores), was not 
as long æ that for R,. In fact, the subjective effect of 
propylsexedrine was limited to less than one hour, 
based a the statistical analysis of the SCI scores. 
Part ef -his was due to a temporal decrease in the 
perceswed severity of congestion for those using the 
placebo, so the group differences did not remain 
signifiecnt. 


Syzm-toms of Congestion and Side Effects of the 
Medée1 ion. Table 3 presents the scores accumu- 
lated 1 each time period in response to inquiries 
listed 91 the rating sheet (Table 1). The number of 
subjects: responding positively to each category at 
some ime during the study is recorded in the first 
columm of numbers. The numbers listed in the other 
columrs represent the sum of the ratings recorded 
by all subjects at that time period. A statistically 
signif cant difference (p< 0.05) in the accumulated 
scores between treatments was registered for drow- 
sines nausea, headache, dizziness, and the number 
of cigarettes smoked during each period. A x? 
anatysss was performed on each entry on Table 1 to 
deter rine if there was an effect of treatment on the 
pattem with which symptoms were reported. No 


TABLE 3. ACCUMULATED SCORES REPRESENTING SYMPTOMS AND SIDE EFFECTS 


No. of Subjects 


Condition with Positive 


Drowsiness* 22 2) 15 
Nervousness 15 16 9 
Nausea* 1] 8 8 
Headache* 39 23 23 
Dizziness* 5 l 2 
Sneezes 33 40 1] 
Nose blows 48 82 49 
Cigarettes* 26 36 22 
Drowsiness 30 33 26 
Nervousness 16 13 10 
Nausea 6 l 3 
Headache 32 23 21 
Dizziness 10 í T 
Sneezes 30 57 17 
Nose blows 45 62 51 
Cigarettes 16 18 13 


Time Period (min) 


g 5 7 9 8 8 12 
10 10 9 8 6 6 5 
9 10 8 8 7 7 8 
20 18 19 20 17 19 18 
3 3 2 2 3 3 2 
9 13 1] 9 15 29 69 
39 35 33 38 57 67 69 
19 24 34 30 31 4] 42 
Placebo (n= 55) 

22 23 21 21 20 20 18 
7 7 6 3 4 4 3 
4 4 3 3 2 2 2 

22 24 25 24 25 28 27 
5 5 3 3 3 2 4 

24 14 8 14 9 21 15 

38 50 43 48 52 69 65 
9 8 16 15 19 24 25 


“Significant (p< 0.05) difference in accumulated scores for individual subjects bt veen propylhexedrine and placebo groups. 
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TABLE 4. INCIDENCE OF SYMPTOMS AND SIDE 
EFFECTS REPORTED BEFORE AND AFTER OR ONLY 
AFTER USE OF NASAL INHALER 


Number of Subjects with Positive Responses 
Propylhexedrine Placebo 


Including Only Including Only 
Premedica- Postmed- Premedica- Postmed- 


Observation tion Periods ication tion Period: ication 
Drowsiness 17 5 25 5 
Nervousness 14 l 16 0 
Nausea 6 5 4 2 
Headache 22 7 19 14 
Dizziness 2 3 9 l 
Sneezes 19 14 22 8 
Nose blows 39 9 34 ll 
Cigarettes 23 3 13 3 


differences in the distribution between the pretreat- 
ment and posttreatment incidence of positive re- 
sponses was seen for drowsiness, nervousness, naus- 
ea, headache, sneezes, nose blows or the number of 
cigarettes smoked, but a significant x? (p<0.05) 
was recorded for the pattern of dizziness reported. 
Ten of 55 subjects who used the placebo inhaler 
reported dizziness, with nine having positive 
responses prior to medication. Only five subjects 
receiving propylhexedrine reported dizziness, with 
two having positive responses prior to medication 


(Table 4). 


A more careful analysis was made of the effect of 
propylhexedrine on the symptoms by comparing 
(nonparametric analysis) the accumulated scores re- 
corded from 10 through 180 minutes for each sub- 
ject having positive responses following placebo vs 
those with positive responses following propylhex- 
edrine. No effect of the medication was seen on the 
accumulated scores for nervousness, nausea. head- 
ache, dizziness, sneezes, or nose blows. A significant 
difference (0.05>p>0.025) was seen for ac- 
cumulated scores for drowsiness, in which the 
scores following placebo were higher than those 
following the administration of propylhexedrine 
during the period when the medication might have 
had an effect. Twenty-three subjects who received 
the placebo subsequently reported some drowsiness. 
as compared with 15 subjects receiving propylhex- 
edrine. More significantly, subjects who received 
the placebo reported higher cumulative scores for 
drowsiness during the 10 to 180-minute period 
(mean=5.3 points per subject) than those who 
received propylhexedrine (mean =3.1 points per 
subject). These two differences (greater incidence of 
drowsiness and higher cumulative scores for sub- 
jects who received the placebo) accounted fer the 
statistically significant effect of treatment on the 
subjective report of drowsiness during the period 
when propylhexedrine might have exerted an ef- 
fect. 


DISCUSSION 


This study supported the report by Sulman! that 
propylhexedrine is an effective topical nasal decon- 


gestant, with an expected effectiveness of about two 
hours. Other information about the expected dura- 
tion of action is not readily available because claims 
for its accepted efficacy and safety are largely based 
on unpublished data.’ On the basis of subjective 
reports of relief, symptoms associated with URI or 
allergic rhinitis other than nasal congestion were 
not affected by the medication. The subjective 
assessment of nasal congestion and the change in 
nasal patency were poorly related to the objective 
measurements of R, made using a nasal airway 
resistance computer. 


No side effects of propylhexedrine were observed, 
with the possible exception of a slight, nonpercepti- 
ble CNS stimulation or arousal. That possibility is 
based on the observations that, although propylhex- 
edrine had no effect on the incidence or pattern of 
nervousness (“jitters”) reported on the rating sheet, 
fewer subjects who received propylhexedrine were 
drowsy; and when drowsiness occurred, it was less 
severe than in subjects receiving placebo (Tables 3 
and 4). This could be interpreted to mean that, if 
the difference was indeed related to the treatment, 
propylhexedrine prevented or reduced drowsiness 
in some patients, all of whom remained in the lab- 
oratory area with restricted activity for at least 5*/, 
hours. The relatively long period of inactivity 
associated with this study, with the subject confined 
to the laboratory area, may have induced some of 
the drowsiness, but a more carefully designed study 
should be completed before drawing conclusions 
about a CNS-stimulating effect from the propylhex- 
edrine inhaler. 


A CNS-stimulating effect has been associated 
with accidental propylhexedrine poisoning of a 
child,* but acute poisoning in an adult was accom- 
panied only by systemic (primarily pulmonary) 
complications.* To our knowledge, no previous in- 
dication of even a slight stimulating effect from the 
use of a propylhexedrine inhaler has been reported. 


No effect of the aromatic additive on the response 
to propylhexedrine could be demonstrated by com- 
paring the two groups of URI patients who used 
propylhexedrine (15 with and 25 without the aro- 
matic). Because of the size of the study, no group 
received only the aromatic without propylhexe- 
drine. Therefore, this study did not eliminate the 
possibility that the presence of an odor might have 
affected the response to the nasal decongestant, be- 
cause propylhexedrine without the aromatics also 
had a distinct smell. However, the response to pro- 
pylhexedrine without the aromatics was the same as 
the response when the aromatics were included. 


Likewise, no difference was seen in the response 
to propylhexedrine (with or without aromatics) in 
URI patients when compared to the response in pa- 
tients with allergic rhinitis. Similar magnitudes of 
response and similar durations of effectiveness were 
recorded for both groups. 
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These observations were the basis for combining 
all subjects into the active (propylhexedrine treat- 
ment) and placebo groups. The larger value for n 
(55) which resulted from doing so provided more 
confidence in the statistical statements about dura- 
tion of effectiveness for propylhexedrine. Since the 
subjective assessment of the degree and duration of 
congestion were only generally correlated with R,„, 
the “clinical” effectiveness of the medication was 
less than its “statistical” effectiveness. The subjec- 
tive assessment of the degree of congestion, or its 
change, is affected strongly by reference to the most 
recent previous assessment. This will favor the ten- 
dency to detect more reliably, and possibly to exag- 
gerate, reports of change following sudden or large 


alterations, and to attenuate the perception of slow 
or gradual changes in nasal congestion. That may 
explain the pattern of decongestion reported follow- 
ing propylhexedrine administration. 


In addition, SCI may reflect factors other than 
nasal congestion, eg, sinus congestion, headache, 
pharyngitis, etc, which will affect the subjective 
scoring. These factors may have changed during the 
study so there was a gradual decrease in SCI scores 
during the study, with no similar change in R,„ for 
the placebo group. Thus, dependency on R,„ ac- 
counts for only a small proportion of the SCI varia- 
bility, and R, must be judged to be not reliably de- 
terministic of the subjective assessment of nasal con- 


gestion. 
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NASAL CYCLE AND POSTURAL VARIATIONS IN NASAL RESISTANCE 


MAKOTO HASEGAWA, MD 
TOKYO, JAPAN 


The relationship between the nasal cycle and postural variations in unilateral nasal resistance (UNR) was observed in ten normal sub- 
jects. During the nasal cycle, postural variations in UNF were notable in congested nasal chambers; UNR at 0° from a horizontal plane 
was found to be higher than at greater angles. Postural variations in UNR in constricted sides of nasal chambers, however, were very slight. 
This phenomenon was observed in all ten cases. For to-al nasal resistance, postural variations were small. (Total nasal resistance was 
strongly influenced by UNR in constricted sides.) The nasal cycle may be induced by alternative changes in the sympathetic tone to the 


nasal mucosa, probably regulated by the hypothalamus. 
INTRODUCTION 


The phenomenon of the nasal cycle was first re- 
ported by Kayser! in 1895, and subsequently has 
been investigated by many authors.?-* The nasal cy- 
cle is the regular dilation and constriction of the 
cavernous veins in the mucosa of the chonchee and 
septum. During these cyclical changes of the nasal 
mucosa, one nasal chamber becomes more open and 
the other more engorged. Eccles* demonstrated that 
this phenomenon was possibly regulated by the hy- 
pothalamus, the autonomic center in the brain. 


Postural variations in total nasal resistance (TNR: 
nasal airflow resistance through both nostrils) are 
greater in patients with allergic rhinitis than in nor- 
mal subjects.?"'' For both groups TNR is greater in a 












The aim of this study was to learn why normal 
subjects have a slight increase in TNR in the supine 
position, how unilateral nasal resistance (UNR: nas- 
al airflow resistance through one nostril) varies with 
positional changes of the head, and whether postur- 
al variations in UNR are influenced by the nasal cy- 
cle. 


METHODS 


Ten normal subjects (three males 39-54 years of age and seven 
females 20-51 years of age) were examined. None had a history of 
allergic rhinitis, asthma, chronic rhinitis, or septal deviations. 
UNR was measured through each nostril every 15 minutes, using 
anterior rhinomanometry. For this purpose, Mercury's nasal resis- 
tance meter NRI was modified to allow each nostril to be mea- 
sured separately. UNR was recorded when nasal airflow was 0.25 
l/s. TNR was calculated by the following formula: 
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Postural variations in UNR (cmH,0/1/s) were observed at 0°, 
30°, 60°, and 90° from a horizontal plane in each subject. Initial 
measurement was at 0°, followed by measurements at 30°, 60°, 
90°, 60°, 30° and 0°. The subject was kept in each position for 
one minute before UNR was determined. Postural variations in 
UNR were examined twice during the observation of nasal cycle 
in each subject. One examination was carried out when the right 
nasal chamber revealed a higher UNR, and the other when the 
left nasal chamber revealed a higher UNR. 


RESULTS 


Postural variations in UNR were more marked in 
congested sides of the nasal chamber than in con- 


DO congested sides (20) 
He -Ø constricted sides (20) 


nasal resistance cmH20/2/sec 
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O° 30° 60° 90° 60° 30° O° 
Fig. 3. Postural variations of UNR in congested sides 
(20) and constricted sides (20) of normal nasal chambers. 
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Fig. 2. (Case 2) Postural variations of 
UNR in a congested side of the nasal 
chambers in a 20-year-old female. The 
change in posture of the head was per- 
formed after the arrow. 
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stricted < des (Figs. 1 and 2). This phenomenon was 
observed in all ten cases. UNR gradually decreased 
between 9° and 90°, and, conversely, increased be- 
tween 9( and 0°. UNR at the angle of 0° was con- 
siderably higher than at greater angles (Fig. 3). 


The pestural variations in TNR were less than in 
UNR, since TNR was strongly affected by the UNR 
of a consticted side (Figs. 1 and 2). 


DISCUSSION 


Postural variations in TNR in patients with al- 
lergic rhmitis were first reported by Rundcrantz in 
1964.” Im 1969,'° he reported that this phenomenon 
also oec.rred during a common cold. Hasegawa 
and Seite ' found that postural variations in TNR 
were mare remarkable in patients with allergic 
rhinitis taan in normal subjects, and that these pa- 
tients w=re improved by nasal insufflation of 
beclomet-asone dipropionate. They reported that 
norma. sibjects also showed a slight increase in 
postural ~ariations in TNR. 


The present study shows that postural variations 
of UNR ee strongly influenced by the nasal cycle. 
The procedure for measuring postural variations of 
UNR dur ng the nasal cycle was carried out within 
15 minut=. The determination of UNR to observe 
the nasal eycle was carried out regularly, every 15 
minutes, vithout interruption. It was retrospective- 
ly demon -rated that this procedure was carried out 
during the same phase of the nasal cycle in all ten 
cases. If measurements were taken during the re- 
verse stage of the nasal cycle when the dominant 
side chan<es from one to the other, the pattern of 
postural eariations in UNR might have been modi- 
fied. 


TNR was not determined directly in this study, 
but was Glculated to the formula noted above. To 
determine TNR directly, posterior rhinomanome- 


“114 MAKOTO HASEGAWA 


try, which requires more time than anterior rhino- 
manometry, is necessary. For this reason, posterior 
rhinomanometry was not used. In this study TNR 
was strongly affected by UNR in constrict2d sides, 
as reported by Arbour and Kern.” 


The mechanism of postural variations ir nasal re- 
sistance has not yet been elucidated. Rundcrantz’ 
suggested that vascular hypotonicity due to stimula- 
tion of parasympathetic nerve fibers was the cause 
in patients with allergic rhinitis. In ths study, 
postural variations in UNR in constricted sides were 
absent or very slight, suggesting that the diameters 
of constricted vessels in the nasal mucosa were not 
significantly influenced by the change of posture of 
the head. Conversely, the diameters of dilated ves- 
sels in the nasal mucosa of the congested cavity were 
altered by the change of posture of the head. 


Some of the factors which induce constriction in 
the nasal mucosa, eg, breath-holding, rebreathing, 
and exercise, are well known.'*:'* McCaffrey and 
Kern'*:'!® demonstrated that a rise in Pco, stimulated 
chemical receptors in the body and induced an in- 
crease in sympathetic tone to the nose, and that 
constriction of the nasal mucosa consequently oc- 
curred. 


Considering previous studies and the current 
study, it may be said that an increase in sympa- 
thetic tone to the nasal mucosa interrupts postural 
variations in UNR. Observed postural variations in 
UNR in a congested side may be caused by a de- 
crease in sympathetic tone to the nasal mucosa. 
Thus the nasal cycle may be induced by alternative 
changes in sympathetic tone which are regulated by 
the hypothalamus. 


REFERENCES 


1. Kayser R. Die exacte Messung der Luftdurchgirgigkeit der 
Nase. Arch Laryngol 1895; 3:101-20. 


2. Heetderks DR. Observations on the reaction of normal nas- 
al mucous membrane. Am J Med Sci 1927; 174:231-<4. 


3. Beickert P. Halbseitenrhythmus der Vegetativen Innerva- 
tion. Arch Ohren Nasen Kehlkopfheilkd 1951; 157:1&5-9. 


4. Stoksted P. The physiologic cycle of the nose under normal 
and pathologic conditions. Acta Otolaryngol (Stockh) 1952; 
42:175-9. 


5. Principato JJ, Ozenberger JM. Cyclic changes .n nasal re- 
sistance. Arch Otolaryngol 1970; 91:71-7. 


6. Dallimore NS, Eccles R. Changes in humar nasal resis- 
tance associated with exercise, hyperventilation and r2breathing. 
Acta Otolaryngol (Stockh) 1977; 84:416-21. 


7. Hasegawa M, Kern EB. The human nasal cycle. Mayo 
Clin Proc 1977; 52:28-34. 


8. Eccles R. The central rhythm of the nasal cycle. Acta Oto- 
laryngol (Stockh) 1978; 66:464-8. 


9. Rundcrantz H. Posture and congestion of nasa mucosa in 


allergic rhinitis. Acta Otolaryngol (Stockh) 1964; 58:283-7. 


10. Rundcrantz H. Postural variations of nasal patency. Acta 
Otolaryngol (Stockh) 1969; 68:435-43. 


11. Hasegawa M, Saito Y. Postural variations in nasal resis- 
tance and symptomatology in allergic rhinitis. Acta Otolaryngol 
(Stockh) 1979; 88:268-72. 


12. Arbour P, Kern EB. Paradoxical nasal obstruction. Can J 
Otolaryngol 1975; 4:333-7. 


13. Tatum AL. The effect of deficient and excessive pulmo- 
nary ventilation on nasal volume. Am J Physiol 1923; 65:229-33. 


14. Hasegawa M, Kern EB. The effect of breath holding, hy- 
perventilation and exercise on nasal resistance. Rhinology 1978; 
16:243-9. 


15. McCaffrey TV, Kern EB. Response of nasal airway resis- 
tance to hypercapnia and hypoxia in the dog. Acta Otolaryngol 
(Stockh) 1979; 87:545-53. 


16. McCaffrey TV, Kern EB. Response of nasal airway resis- 
tance to hypercapnia and hypoxia in man. Ann Otol Rhinol Lar- 
yngol 1979; 88:247-52. 


Ann Otol 91:1982 | 


INDICATIONS OF CONGENITAL PALATAL INCOMPETENCE 
BEFORE DIAGNOSIS f 


HUGHLETT L. MORRIS, PhD 


LOIS J. KRUEGER, MA 


ROBERT M. BUMSTED, MD 


Iowa City, Iowa 


Frequently the disorder of congenital palatal incompetence (CPI), 


in the absence of physiological evidence of clefting, is not 


discovered until after adenoidectomy. That is because the adenoidal pad served to mask the insufficiency of the velopharyngeal 


mechanism. Findings from this study indicate that early 


disorders in speech production, particularly nasalization of speech, is a useful 


predictor of CPI. Recommendations are made about methods for screening children before adenoidectomy or those suspected of having the 


CPI disorder. 


Congenital palatopharyngeal incompetency 
(CPI) has been described in the literature fram sev- 
eral points of view.'~° In general the term refers to 
the condition in which the patient demonstrates 
speech production patterns (nasal emission during 
consonants and hypernasal voice quality) that are 
typical of an unoperated cleft palate, but there is no 
cleft palate or history of one. The clinical findings 
clearly indicate that the physiologic disorder is 
velopharyngeal incompetence due to either a short 
palate, a palate with reduced mobility, or both. Al- 
though subject groups in some early studies and 
some clinical classifications of CPI included pa- 
tients with bifid uvula or submucous cleft palate, 
contemporary use of the descriptive term CPI ex- 
cludes those patients. 


Not much information is available about the prev- 
alence of CPI’ but patients with the condition pres- 
ent clinically for diagnosis and treatment with suffi- 
ciently high frequency that the disorder deserves 
our attention. That is particularly the case in the 
matter of diagnosis. 


There are exceptions, but in general the diagnosis 
of CPI is not made until the child is of school age, 
and sometimes only after disruption of the velo- 
pharyngeal mechanism following adenoidectomy. 
This disruption occurs because prior to the adenoid- 
ectomy the adenoidal pad compensates in the A-P 
dimension for the palatal deficit; after adenoid- 
ectomy the deficit becomes apparent in the form of 
persistent nasalized speech.’:'® Clinicians have sug- 
gested that the same phenomenon can occur follow- 
ing normal adenoidal atrophy, but to date no reli- 
able data have been reported in support of that con- 
tention. Perhaps the mechanism can compensate for 
very small increments in velopharyngeal port 
dimension, which would be the case with normal 
adenoidal atrophy, but it cannot compensate for a 


sudden and relatively large increment following 
adenoidectomy. 


In mary instances there are no obvious indica- 
tions o* th= disorder until sustained nasalized speech 
follows acenoidectomy. At that point, the parents 
usually seek assistance from a center that specializes 
in orofacial disorders; the diagnosis is made and 
corrective surgery such as the pharyngeal flap," 
nasopharyngeal pushback,” or Teflon® injection” 
is performed. The palatal lift dental prosthesis'* has 
also on occasion been used satisfactorily for treat- 
ment of CPI. Generally, speech therapy is needed 
following either surgery or dental prosthesis. CPI 
frequently occurs in isolation but may also be part 
of a syndrome.'*!6 


Obvieusly there would be many advantages to 
the capability of diagnosis of the disorder before 
adenoidectomy or at an earlier age in childhood. 
Such early diagnosis would alert the surgeon, the 
speech pathologist, and the family to the likelihood 
of later dfficulties in speech production. In some 
cases, perhaps, the adenoidectomy could be de- 
layed, or a partial adenoidectomy performed. In 
those cases where full adenoidectomy is medically 
required, more adequate predictions about the 


eventual cutcome could be made than are now pos- 
sible. 


Two investigators have addressed the issue of ear- 
ly diagnosis directly. Lubit® described several symp- 
toms (mainly pertaining to speech production) that 
he considered useful in identifying CPI before 
adenoidectomy. Mason’ reported findings of 110 
children with CPI that might be useful in early di- 
agnosis. His subjects included those with signs of 
clefting (bifid uvula and submucous cleft palate) 
and he identified those two findings as danger 
signals during the preoperative clinical examina- 
tion. Other significant findings were the presence of 
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an anteriorly positioned soft palate dimple bn eleva- 
tion, indicating short effective length of tae velum; 
midline translucency of the velum; shor- palatal 
length; and poor velar elevation. Thirty percent of 
the 110 subjects had radiographic evidence of ano- 
malies of the upper cervical vertebra and cranial 
base. (He recommended x-ray examinatior only for 
those who showed oral symptoms of the disorder.) 


The search continues, then, for symptoms of con- 
genital palatopharyngeal incompetence -hat may 
be detected before the clinical diagnosis is made. 
The purpose of this study was to determine whether 
information collected by questionnaire from par- 
ents of CPI children would uncover any new clues 
about such early symptoms. 


METHODS 


Subjects were 49 patients who were identified ‘mm existing 
departmental records as having the diagnosis of CI. Patients 
with oral signs of clefting, such as bifid uvula or submucous cleft 
palate, were excluded since these signs can be detected by physical 
examination alone and their value in predicting ve.cpharyngeal 
incompetence is already known. In all 49 cases, the diagnosis of 
CPI had been made on the basis of speech pathology end physical 
examinations. No other criteria were used in subject selection. 


Questionnaires were sent to the parents of each subect explain- 
ing the purpose of the study (in nontechnical language and asking 
their assistance in providing information about certain aspects of 
the problem, the pregnancy, health history, speech history, and 
the time and circumstances of the diagnosis. 


Twelve normal subjects and their families were ued for com- 
parison; they were selected at random from subjects known to the 
investigators for other nonmedical reasons. The save question- 
naire, excluding items about the CPI disorders, was mailed to 
those parents. 


Responses were obtained from 28 of the 49 CPI parents, and 
from all 12 parents of the normal controls. Ages of chiidren under 
study ranged from 6 to 18 years for the CPI group, erd from 6 to 
16 years for the controls. Sex was almost evenly distri uted in the 
two groups. 


FINDINGS 


For 18 of the 28 CPI children, the initie] diagno- 
sis was made between the ages of 4 and 10 years; for 
3 children, the diagnosis was made before -he age of 
4, while 5 were detected after age 10 (a0 answer 
was given by two families). Problems wi-h speech 
were reported as the major symptom by 2£ of the 28 
families; 15 of the 26 specifically cited nasal speech, 
and 3 reported speech that was difficult : under- 
stand. Ear infection was cited as the primery symp- 
tom for one CPI subject; parents of one CPI subject 
failed to answer that question. For ten CFI subjects, 
the diagnosis was reported to be made by tne speech 
pathologist; seven families cited university hospitals 
and clinics as the major source of diagnos with no 
specific profession named; other sources included 
local school personnel, the local physician, and 
members of the family. Fourteen of the 28 CPI 
children had adenoidectomy immediate y before 
the diagnosis was made and all but one 1ad some 
kind of physical management, primarily surgical, 
after the diagnosis was made. Nine of tæ 28 CPI 


children were reported to have had other physical 
problems, among them problems of hearing and 
motor development. 


Differences in questionnaire responses between 
the CPI and normal groups were evaluated for sta- 
tistical significance by either the two-sample t test 
(when distribution permitted) or by chi-square. No 
differences were found in birth order or twinning; 
mother’s health before and during pregnancy (in- 
cluding incidence of illness such as rubella during 
early pregnancy); exposure to x-ray, falls, injuries, 
or emotional stress; drug or alcohol consumption 
during early stages of pregnancy; complications 
during delivery; problems in feeding (about which 
information we asked in considerable detail); early 
language development (as opposed to speech pro- 
duction); and the child’s physical development and 
general health history (childhood diseases, frequen- 
cy of colds, sore throats, etc). 


Significant differences were obtained on 4 of the 
25 questionnaire items. Birthweight for the CPI 
children was less (2.9 kg) than for the normal chil- 
dren (3.3 kg). Mothers of CPI children reported a 
higher incidence of cigarette-smoking during early 
pregnancy than did the normals. More CPI children 
had early speech that was difficult for the parents to 
understand (12 of 27, 1 “can’t recall”) than did the 
control parents (1 of 12). More CPI children were 
reported to have nasal speech as a young child (12 of 
22, 6 “can’t recall”) than did the normals (1 of 11, 1 
“can't recall”). 


DISCUSSION 


We need to acknowledge the limitations to the 
sort of research design used in this investigation. It 
seems likely, for example, that more, and perhaps 
better, information could have been obtained in 
face-to-face interviews than by mailed question- 
naires. Responses made by some informants were 
ambiguous and probably reflected lack of clarity in 
the questionnaire. The major design problem is the 
difference among families in remembering detail 
about circumstances of the pregnancy, birth, and 
early childhood of the child under study. One fac- 
tor, of course, is time: the probability of forgetting 
detail is higher for parents of older children than for 
younger children. Another factor is the number of 
children in the family. Spriestersbach’’ previously 
considered these design difficulties with retrospec- 
tive investigations and concluded that, in general, 
methodology like the one used here is satisfactory 
for most purposes. Consequently we are inclined to 
consider the obtained differences to be reliable find- 
ings. It is of course possible that a more precise data 
collection method would uncover more findings 
than our procedures. 


The major finding that CPI children have speech 
production problems (many of them nasal in type) 
early in life is certainly not unexpected. Other 
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studies have yielded similar findings, and clinical 
observation is also consistent with this notion as 
well. However, that was not the case for all sub- 
jects. Half of the CPIs did not have such a problem 
at that age level, or at least not to the extent that the 
parents noticed it. Rather, the problem was discov- 
ered during the preschool or early school years by 
the speech pathologist or some other specialist. The 
diagnosis for half the children was made after 
adenoidectomy; for the other 14 onset or recogni- 
tion of the speech production problem was not 
associated with such surgery. 


These findings leave several important unan- 
swered questions. What was the nature of the early 
speech problems if they were not nasal, or were 
they nasal but not recognized or remembered as 
such by the parents? Was velopharyngeal status 
consistent during the period of time before diagno- 
sis? If velopharyngeal status was not consistent, was 
the variation due to change in size of adenoidal 
pad? For those children reported to have nasalized 
speech, was the nasalization detectable from the 
early beginnings of speech production? Unfortun- 
ately design limitations of this investigation 
prevented acquisition of such information, but the 
questions direct attention to needs for future study. 


The lack of significant findings in the area of ear- 
ly deglutition patterns is disappointing. Clinical im- 
pressions are that many CPI children demonstrate 
nasal leakage of milk during feeding at a very early 
age (birth to 2 or 3 weeks). Parents who report this 
observation indicate that the leakage is consistent 
and that the phenomenon is recognized as being 
clearly different from nasal regurgitation, which is 
more projectile in nature. Also the leakage is re- 
ported to cease during the first month of life. Ap- 
parently the infant learns to compensate somehow 
for the velopharyngeal incompetence, probably by 
raising the tongue against the palate during 
swallowing. 


Several items on the questionnaire were designed 
to inquire about this feeding problem. The finding 
of no difference between CPI and control children 
indicates that the nasal leakage is no more eharac- 
teristic of the CPI infant than the normal, or that 
the data collection procedure was not sufficiently 
precise or reliable to detect this possible difference. 


The findings of lower birth weight and higher in- 
cidence of cigarette smoking in mothers are consis- 
tent with other data about these two factors. 


RECOMMENDATIONS 


It seems possible from these and other reported 
findings about CPI to summarize some clinical 
symptoms that indicate the possibility of congenital 
palatal incompetence. The clinical examination 
should include methodical search for the symptoms 
in cases where adenoidectomy is needed, or when 


the diagaosis of CPI is considered. If the symptoms 
are obse ved, the patient should be examined by a 
specialty team (cleft palate team, orofacial team) at 
a teachit g hospital before the surgery or before the 
diagnosi. is made. Following is an examination pro- 
tocol for identifying symptoms. 


1. Ca-efully observe the patient for any anatom- 
ic or ph-siologic signs of clefting, including bifid 
uvual, tony defect in the region of the posterior 
nasal spme of the hard palate, and/or a soft palate 
that appears unusually short or poorly mobile. We 
must not here that intraoral observations of palate 
length aad mobility are not very reliable, so some 
false pos tives will be obtained from those aspects of 
the examination. However, it seems better to have 
false positives than the unexpected CPI! As we 
pointed ut earlier, the findings of bifid uvula and 
bony dect of the hard palate are indications of a 
submucaus cleft rather than CPI. However, they 
frequent y are accompanied by velopharyngeal in- 
competeace and are included here for the sake of 
completeness. Look also for anterior dimpling of 
the soft palate (described by Mason’) that seems to 
indicate abnormal physiology of the musculature of 
the soft palate. Radiographic evidence of vertebral 
abnormaiities (also described by Mason’) can be a 
valuable indication of CPI. In addition lateral x-ray 
films of žhe nasopharynx allow evaluation of the 
depth of the nasopharynx and the size of the aden- 
oid pad in patients who are difficult to examine 


clinically. 


2. Loek for signs of abnormal palatal innerva- 
tion suck as asymmetry of palatal elevation. Look 
also for signs of neurologic impairment, even so- 
called “seft” signs, in other parts of the body. Typi- 
cally saca signs are not part of the CPI disorder but 
may indi-ate a neurologic disorder which is respon- 
sible for he velopharyngeal dysfunction. 


3. Ask questions about the incidence of cleft lip, 
cleft palace, or related orofacial abnormalities in 
the fami Y. 


4. If taere are signs of neurologic dysfunction, 
determine the child’s history and neurologic devel- 
opment which will give a more complete history. 
Referral o a neurologist may be needed. 


5. Ask questions about early speech production 
(or makeirect observations if the patient is young) 
that are cirected toward nasalization of speech. Use 
lay terms in asking the questions, such as “talking 
through -he nose.” It is abnormal if the child is 
reported or observed) to do so. Positive findings in 
the speec— history should be followed by referral to 
a speech pathologist for further examination and 
diagnosis 


6. Ask questions about nasal leakage of milk or 
other liqaids during feeding. In our opinion, the 
negative -indings from this study do not preclude 
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the possibility that such information may De an im- 
portant indicator of CPI. 


7. If any or all of these symptoms are observed 
and adenoidectomy seems indicated in spite of 
them, the parents must be warned before the sur- 
gery about the possibility of CPI with h~pernasal 
speech (velopharyngeal incompetence) postopera- 
tively. 

8. Be aware that patients with a nornal velo- 
pharyngeal mechanism may develop temporary 
nasalized speech for only a day or two after aden- 
oidectomy. This may occur while the pzetient ad- 
justs to the new set of relationships in -he naso- 
pharynx. However, the normal patient typically ad- 
justs rather quickly and shows normal oral speech 
within the first or second postoperative day. If the 
patient has nasalized speech several weeks after 
surgery, the chances are very high that it is a case of 
CPI. Additional surgery or dental prosthesis will be 
needed if normal oral speech production `s the ob- 
jective. 


SUMMARY 
By questionnaire, parents of 28 chilcren with 


CPI were asked about pregnancy and delivery; 
speech, developmental, and health history; and the 
circumstances of the CPI diagnosis. A normal con- 
trol group was used for comparison. CPI children 
had lower birth weights and, during early child- 
hood, were more poorly understood by parents and 
more frequently had nasalized speech. In 50% , CPI 
diagnosis was made following adenoidectomy. Data 
and clinical findings indicate that possible predic- 
tors of CPI are unusually defective speech produc- 
tion, particularly characterized by nasalization, as 
a young child; a short or poorly mobile palate; 
anterior dimpling of the soft palate during eleva- 
tion; radiographic abnormalities of the cervical 
vertebrae; neurologic abnormalities (developmen- 
tal milestones or clinical examination); and nasal 
leakage of liquids as a very young infant. Tempor- 
ary velopharyngeal incompetence and _ nasalized 
speech may occur in the normal patient following 
adenoidectomy but the disorder resolves in a day or 
two. Persistent nasalized speech following adenoid- 
ectomy indicates the likelihood of CPI; such a pa- 
tient requires evaluation by a speech pathologist 
and possible surgical correction. 
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This is a report of a patient with unusually severe hoarseness in the absence of vecal fold pathology demonstrating Parkinson disease as 
one of the neurological diseases in which vocal symptoms occur. Although it is classifiably a severe, progressive, degenerative disorder, the 
popularity of pharmacotherapy for Parkinson disease during the past decade has resulted in improved functionality for an undetermined 


course of time in most patients. The classically described deterioration of sp 


andvice may develop in a variant manner difficult to dis- 


tinguish as disease-related, as this case report illustrates. An explanation of the heerseness based on dyssynchronous vocal fold motion 
related to the disease is suggested by the acoustic methods (spectrography, waveform analysis) used in this study, and supported by strobe 
light laryngoscopy. This conclusion is important because of the extremely high incicences of varying degrees of hoarseness reported in re- 


cent studies of Parkinson disease. 


Parkinson disease, named after James Parkinson 
who first described it in 1817,' is a progressive 
degenerative neurological disease characterized by 
tremor and rigidity. The current method-of-choice 
in treatment is the administration of pharmaco- 
therapy,’ of which the best known medication is the 
popularized L-dopa, with or without peripheral 
metabolic inhibitors. 


Consequences to communication of Parkinson 
disease have been reported, and both voice disor- 
ders** and upper articulatory tract dysarthria? 
have been noted. The attempt to relate speech dis- 
orders to adequate medication has been only par- 
tially successful,'5-" but it is logical to assume some 
correlation. Although there is no direct evidence, 
anecdotal accounts of patients diagnosed as having 
Parkinson disease sometimes give indirect indica- 
tion that the patient has had a long history of 
modest vocal dysfunction prior to any other symp- 
tom. It is tempting to speculate upon the occurrence 
of voicing anomalies as early-onset signs of Parkin- 
son disease, and important to study vocal fold func- 
tion in diagnosed patients, because the laryngolo- 
gist may wish to include parkinsonism among other 
neurological diseases known to manifest hoarseness 
as part of the symptom complex. 


CASE REPORT 


The patient, born in 1898, began to manifest 
some symptoms during the last portion of his sixth 
decade, for which he consulted his family physi- 
cian. At the age of 71 he was diagnosed as having 
idiopathic Parkinson disease on the basis of his ap- 


pearance, gait and handwriting, and was success- 
fully medicated with levodopa. The following year 
his physic an recommended that he consult a laryn- 
gologist fer a severe persistent hoarse voice. Indirect 
laryngoscopy was unsatisfactory; a possible right 
ventricular fold disorder was suspected. Direct 
laryngoscopy was performed due to the severity of 
his vocal symptoms. The vocal folds were clear and 
had normal mobility. A biopsy of both ventricular 
bands gave negative results. In the absence of other 
‘ens a tentative diagnosis of dysphonia ventricu- 
laris was made. The patient remained severely 
hoarse during the next three years with no further 
indication of laryngeal pathology. 





At the time he was seen by us, the patient was 76 
years of aze, an ambulatory medicated out-patient 
of the Par<inson’s Disease Clinic. He manifested the 
severely rough hoarse voice that is generally asso- 
ciated with advanced vocal fold pathology. The vo- 
cal “fading” at the ends of phrases which is believed 
to be characteristic in parkinsonians was incon- 
sistently >resent in mild degree. No upper ar- 
tieulatory tract dysarthria or dyskinesia was ob- 
served, although the patients facial mask and 
postural symptoms were classic. He described 
himself a having a hoarse voice and reported that 
his voice was better during periods of effective 
medicatien and tended to worsen as medication 
wore off Clinical observation over a one-year 
period did not validate this; although he may have 
experienced less effortful voicing during periods of 
effective medication, no external evidence of 
change in voicing was found. The patient’s voice 
was audible but severely hoarse. 
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Fig. 1. Portion of a wide band spectrogram of patient 
saying the word “hayed,” demonstrating striations and 
evidence of air leakage in upper portion. Calibrat on tone 
on left shows frequency scale in 1000 Hz. Intervals; ap- 
prox. 600 ms sample. (Kay Sonograph 80-8000/54)) 


Five tape-recorded samples of oral reading and 
spontaneous conversation were made at intervals 
during the one-year period that the patient was fol- 
lowed in the Parkinson’s Disease Clinic. Portions of 
these samples were subjected to acoustic analysis in 
an attempt to further investigate this patient’s voic- 
ing disorder. Spectrographic analysis demcnstrated 
obvious voicing anomalies, and some evidence of air 
leakage was found in the upper portions suggested 
by the indication of noise across the top of the spec- 
trogram (Fig. 1). These signs in spectrograms are 
commensurate with vocal fold disorder of various 
etiology and were sufficiently severe to warrant fur- 
ther acoustic analysis as a method of investigation. 


Waveform analysis demonstrated irregular pitch 
periods; as the scale is enlarged, the pheromenon 
becomes more obvious, and could be explained by 
an irregularity of the synchronous motion of the 
vocal folds. Such problems can be observed during 
the production of vowels. For example, five con- 
tiguous pitch periods gated out of the midpoint of 
‘e/ in “rainbow” are all dissimilar in this patient 
(Fig. 2). The relationship between perceived 
hoarseness and irregular pitch periods is well 
known.'* Figure 3 shows a waveform analysis of a 
normal speaker for comparison. All figures were 
prepared in accordance with standard tech- 
niques," 





Fig. 2. Waveform analysis of five pitch periods gated out 
of patient’s utterance of /e/ in “rainbow.” Note that all five 
pitch periods are dissimilar. 


DISCUSSION 


This severely hoarse patient demonstrated voic- 
ing patterns on acoustic analysis which prompted 
further laryngeal study of idiopathic Parkinson dis- 
ease. Seven cases were examined with the strob- 
oscopic light on indirect laryngoscopy (for which 
this patient was not a candidate, as indicated 
above) in an effort to observe vocal fold function 
during phonation. A double-blind design was used, 
in which the laryngologists and neurologists ex- 
amined sidedness of the disease entity. In six of the 
seven cases, sidedness was indicated as the same by 
both laryngological and neurological examinations; 
the seventh case was a bilaterally involved patient. 


On the basis of these findings it was possible to 
hypothesize”? that roughness of phonation in 
Parkinson disease patients is caused by assymetrical 
motion of the vocal folds as a manifestation of a 
pathological muscle condition characteristic of the 
disease entity, and is likely to occur in the absence 
of any specific laryngeal pathology. 


It seems likely that this patient’s hoarseness and 
the vocal symptoms displayed in acoustic analysis 
are due to dyssynchronous fold motion. It is possible 
that the air leakage demonstrated spectrographical- 
ly (Fig. 1) may be due to a severe form of this 
disorder. Abnormality leading to irregular fold 
movement may not be obvious in visualization. For 
example, Hirano” has proposed that the movement 
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Fig. 3. Waveform analysis of a normal speaker demon- 
strating expected similarity between pitch periods of same 
sound, same utterance; compare to Fig. 2. 
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of the mucosal cover of the folds is important in pro- 
ducing the periodic wave perceived as normal voic- 


ing. 


The presence of hoarseness in the patient and the 
absence of laryngeal pathology of the type which 


would produce a load on the vocal folds was espe- 
cially str: king but not wholly unexpected. A high in- 
cidence of voicing disorders among Parkinson dis- 
ease patients has been reported in several recent - 
studies;***:?* this case study examines a severe in- 
stance in detail. 
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A CASE OF CYSTICERCOSIS CEREBRI 
NEUROTOLOGIC IMPLICATIONS 
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Cysticercosis is an unusual disease entity in the United States. A case is reviewed in which a young Mexican-American female 
presented to an otologist’s office with a headache and vertigo. Her symptoms were a manifestation of a single larval cysticercus cyst which 
had become lodged in the fourth ventricle resulting im an obstructive hydrocephalus and a fatal course. The epidemiology of this disease 
traces the life cycle of the pork tapeworm from man, normally the definitive host, to the pig, the intermediate host. It is noteworthy that 
the disease cysticercosis in humans is a deviation from the parasite’s normal life cycle in which man serves as the intermediate host. The 
literature is reviewed. The broad clinical spectrum of this disease’s presentation can extend from a single headache to multiple nerve palsies 
and convulsions. The importance of radiographic evaluation complement fixation testing and CSF evaluation in making a diagnosis is 
stressed. There is no known medical treatment for this disease. Surgical procedures such as primary excision and shunts to relieve intracra- 
nial pressure have had mixed results. The prognosis depends on the location and the number of infesting larva. Special note is made of this 
disease’s endemic status in Mexico and other Latin American countries and the role that this may play in medicine practiced in the 
southwest United States considering the ever-increasing immigration from this area. 


INTRODUCTION Postoperatively the patient experienced a 
breakdown of her graft, and she began for the first 
time to complain of headaches. Evaluation includ- 
ing an ENG and petrous pyramid x-ray study was 
unremarkable. An internist was consulted for a gen- 
eral physical examination. No abnormalities were 


Two of the more perplexing diagnostic symptoms 
confronting the otolaryngologist today are the com- 
plaints of dizziness and headache. Both are com- 
mon and initially often do not command the atten- 


tion they merit. Their differential diagnoses are ee 
oun 
diverse and can lead a patient through an extensive 
array of diagnostic studies and treatments that fre- The patient failed to return for follow-up until 
quently ends in frustration and dissatisfaetion on one year later in June 1978. At that time she com- 
the part of the patient and the physician, who is not plained of headaches and vertigo. The headaches 
prepared to deal with them in a systematic and were described as paroxsymal and occurred spo- 
thorough approach. radically throughout the day. They were bilateral, 
Although the majority of headaches evaluated began in the occipital area, and radiated to the 
may not represent a grave threat to the patient, it is frontal area. They had begun about a ot pe 
important to evaluate this symptom with respect to viously but had been totally absent during a recent 
the significant morbidity and mortality waich may pregnancy, only to resume again three weeks fol- 
accompany it. lowing her delivery. There was no aura preceding 
j the headaches. She was not on any medication, and 
An unusual and tragic case of a patient who pre- her past medical history was unremarkable. Other 
sented to an otologist’s office with a headache and symptoms included visual complaints of blurring 
dizziness is presented to emphasize this proalem and and flashing of bright lights, perioral paresthesia, 
review the neurologic implications of the uncom- and paresthesias of the hands and feet; there was no 
mon disease entity, cysticercosis cerebri. motor weakness. 
CASE REPORT The vertigo was described as a rotatory sensation 
which began approximately 12 days prior to her 
The patient, a 23-year-old married Mexican- return to the office. She felt it was positionally 
American female, was initially seen in J me 1977 related with her right ear down, and was accom- 
with a complaint of bilateral hearing loss of long panied by nausea and vomiting. 
duration. The otologic examination revealed dry, 
almost total pars tensa perforations bilaterally, and The otologic examination revealed a dry left tym- 
an audiogram showed a 40 dB conductive hearing panic membrane perforation and a right tensor per- 
loss bilaterally. A left tympanoplasty (using a foration with mucoid drainage. No mastoid tender- 
homograft tympanic membrane) was performed ness was found. An immediate consultation for a 
under a local anesthetic on July 6, 1977. general medical evaluation was obtained. 
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Fig. 1. CAT scan demonstrating marked hydrocephalus 
with dilatation of the lateral ventricles. 


Upon follow-up examination the next morning 
the patient’s symptoms of headache and vertigo ap- 
peared to have increased in severity. She was ad- 
mitted to the hospital for further evaluation. At the 
time of admission she was alert, oriented, afebrile, 
with normal vital signs, but appeared in mild dis- 
tress. The physical examination revealed patient 
discomfort on neck hyperextension, but none with 
flexion or rotation. The Kernig’s and Brudzinski’s 
signs were negative. All cranial nerves were imtact, 
and the fundi appeared normal. Motor and sensory 
function were also unremarkable. As part of the pa- 
tient’s initial evaluation, a CAT scan was per- 
formed and showed marked hydrocephalus with 
dilatation of the third and lateral ventricles (Fig. 1). 
The remaining laboratory and radiologic stucies in- 
cluding chest x-ray study, c-spine, skull films, CBC, 
and SMA-12 were unremarkable. 


The initial management following neurologic 
and neurosurgical consultations was a medical 
regime to relieve the increased intracranial 
pressure. On the second day following admission, 
the patient’s headaches increased in severity and she 
became lethargic, but she remained afebrile and the 
WBC remained normal. A lumbar puncture re- 
vealed clear CSF and an opening pressure of 160 
mm H,0O. The CSF report showed 165 WBC, 91% 
polymorphonuclear leukocytes, and 9% lympho- 
cytes, protein 48 mg% and sugar 56 mg%. The In- 
dia ink prep was negative. 


As the patient’s condition continued to deterio- 
rate she was transferred to the intensive care unit 
and preparations were made to perform a veatricu- 
loperitoneal (VP) shunt. At this point she experi- 





Fig 2. Schematic diagram of the ventricular system 
demonstrating the cysticercosis cyst obstructing the fourth 
ventricle. 


enced a caadiac arrest but was resuscitated. The VP 
shunt was then performed as an emergency pro- 
cedure. Pestoperatively the patient required ven- 
tilatory ass stance and vasopressors. Her pulmonary 
status was -urther complicated by a shock lung syn- 
drome. Her condition deteriorated steadily, and 
following multiple cardiac arrests, the patient died 
one day pcstoperatively. 


At the time of autopsy, intracranical findings in- 
cluded ‘lattening of the cerebral convolutions and a 
pressure groove along the cerebral peduncles sec- 
ondary to downward herniation of the brain. Gross 
sections of zhe brain showed the ventricles to be of 
normal size with the shunt tube in place. A small 
2-3 mm so-t mass was noted within the fourth ven- 
tricle (Fig. 2). On microscopic section this mass was 
found to be a cysticercosis cyst. There was no other 
evidence af disseminated parasitic disease. 


DISCUSSION 


Cysticercosis is a parasitic disease which results 
when the 1uman serves as intermediate host in the 
life cye.e-et Taenia solium, the pork tapeworm. It is 
a common misconception that man acquires cysti- 
cercosis through the ingestion of poorly cooked 
pork. When one ingests pork infested with the larva 
of T solium, he becomes the definitive host within 
the life cycle, not the intermediate host. As the 
definitive host, he does not manifest the symptoms 
of cystice-cosis, but rather develops an intestinal 
pork tapeworm. In the definitive stage of the life cy- 
cle, larvae are released from the ingested pork by 
digestien and attach to the gut wall of man, matur- 
ing inte adult tapeworms within 5 to 12 weeks. The 
adult tapeworm periodically sheds proglottids, 
which are egg-bearing segments, and these pass in 
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Fig. 3. The life cycle of the pork tapeworm Taenia 
solium. 


the feces. When ingested by the pig, the ova have 
their shells dissolved and liberate mobile onco- 
spheres which penetrate through the gut wall and 
enter into the mesenteric circulation. In 60 to 70 
days these oncospheres continue to develop and 
each forms a hooked scolex surrounded by a fluid- 
filled bladder. This represents the larval stage and is 
known as cysticercosis. 


In order for humans to serve as the intermediate 
host and therefore develop cysticercosis, it is 
necessary for them to ingest the ova of T solium, 
and not the larva found in infested pork. Con- 
tamination with ova may be accomplishec either by 
direct consumption of fecally-contaminated food, 
anus-to-mouth contamination by hand, or regurgi- 
tation of the ova from the gastrointestinal tract 
(Fig. 3). Man can serve as both the definitive and 
intermediate host at one time, and 26% cf patients 
with cysticercosis cerebri have been found to have 
an adult intestinal tapeworm.’ 


Cysticercosis cerebri is an uncommon disease en- 
tity in most of the United States.?”” However, this 
disease is endemic in areas of the world such as Cen- 
tral and South America, Eastern Europe, India, 
and the Far East. And important to the physician 
practicing in the southwestern United States is the 
reported incidence of cysticercosis in the Mexican 
population where it has been reported tc account 
for 13-34% of all intracranial tumors’? and has a 
reported incidence of 3.6% in general autopsies." 


The diagnosis of cysticercosis is difficuit to make 
because of the infinite variety of symptoms with 
which it may present. Within the CNS its presenta- 
tion has been separated into three clinical groups by 
Stepien and Chorobski.'* The first group are those 
patients whose symptoms are similar to space-occu- 
pying lesions with manifestations of focal neuro- 
logic deficits, cranial nerve palsies, and obstructive 
hydrocephalus. The second group are those patients 
with diffuse cerebral signs and symptoms of in- 
creased intracranial pressure. And the third group 


are those patients whose cysts are located at the base 
of the brain causing a chronic basalar leptomen- 
ingitis, internal hydrocephalus and variable focal 


signs. 


Probably the most common presentation includes 
the symptoms of increased intracranial pressure 
with severe headaches, nausea, and vomiting. 
Other less common presenting symptoms include 
cranial nerve abnormalities and visual field impair- 
ments. Seizures are frequent and usually of the 
Jacksonian type.'*® Psychic disturbances including 
amnesia, disorientation, confusion, and dementia 
may also be present. The association of headache, 
vertigo, nausea and vomiting, appearing periodi- 
cally and usually after a rapid change in position, is 
suggestive of a cysticercosis cyst lying free in the 
fourth ventricle. This has been termed Burns’ sign 
and was manifested in this case. '6 "7 


Within the brain cysticercosis will show a predi- 
lection for the leptomeninges and ventricles and less 
commonly the brain parenchyma.'? When present 
in the ventricles, it is most commonly found in the 
third or fourth ventricle, as was the case with our 
patient. Clinically the symptoms of cysticercosis 
may present from a few months to 30 years after 
contact.'* The average time from contact to symp- 
tom presentation in one large series was 4.8 years.’ 
Cysticercosis cysts may remain viable within the 
CNS from three to six years.”° This life span is 
somewhat longer than when they are present in the 
skeletal musculature, the most common area of lo- 
calization. When the organism dies, a portion of its 
structure called a bladder may absorb fluid from 
the host and increase in size up to 5 cm in diameter. 


In the case of ventricular cysts it is after the death 
of the organism with its resultant increase in size 
that symptoms frequently occur. Following the 
death of the organism the spinal fluid findings re- 
turn to normal.”’ A review of the microscopic sec- 
tions in our case revealed that the patient’s symp- 
tom progression and terminal events were probably 
caused by an expanding cyst. 


The diagnosis of cysticercosis is primarily based 
on radiologic findings and the CSF complement fix- 
ation test in conjunction with the appropriate his- 
torical presentation. The diagnosis may also be 
made by a biopsy of a subcutaneous nodule. Sub- 
cutaneous nodules have been reported to occur in 
54% of cases.'* Marlet has described an intradermal 
antigen which may be used for diagnosis.?? The use 
of CT scanning is usually not helpful in demon- 
strating ventricular cysts because the cyst fluid and 
CSF have similar absorptive values. 


One of the best aids to diagnosis is the spinal fluid 
evaluation. Commonly found are an elevated pro- 
tein, a decreased sugar and a mild pleocytosis with 
eosinophilia. The complement fixation test is re- 
ported positive in 64-80% of cases.7!?? 
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Radiologically a number of findings are present 
in cysticercosis. Calcification of the dead larva has 
been reported in from 11-19% .+®!5 Calcified larvae 
are found earlier and more commonly in muscle 
than in brain tissue, and almost every patient with a 
calcified cerebral cyst will have calcified muscular 
cysts. It is believed to take approximately ten years 
after infestation for calcification to occur.'® Radio- 
graphic signs of intracranial hypertension have 
been reported in 72% of one series with 88 
patients.* These changes include erosion of the dor- 
sum sella, enlargement of the sella turcica, and 
widening of the cranial sutures. 


There is no known medical treatment for cysti- 
cercosis. The use of steroids as an adjunct to surgery 
has been reported by Cabieses,”* and several reports 
of radiotherapy have indicated good results." 
However, the primary mode of therapy in patients 
with a single cyst acting as a cerebral tumor is 
surgery. Stepien and Chorobski reviewed 63 opera- 
tive cases of this type and reported the following 
results: 28.9% recovered, 38.1% improved, 19% 
died, and 6.3% no change.**”® 


Simms has discussed shunting of the CSF as an ef- 
fective treatment for cysticercosis cerebri with 
aqueductal occlusion.?* However, others feel that 
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av a significant role in the mortality and mor- 
. If the disease solely involves the brain paren- 
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OBITUARY 
SAMUEL ROSEN 





1898-198] 


Sam Rosen was a remarkable man: an cutstand- 
ing otologic surgeon, a serious student and clinical 
investigator, an enthusiastic and effective teacher, 
an indefatigable traveller, a liberal-minded world 
citizen, and a devoted husband. 


Sam did not come by these unique characteristics 
easily. He was born into a poor immigran- family; 
his brother and sisters made major sacrifices in 
order to provide him with the financial assistance to 
attend college and medical school. He demon- 
strated superior intellectual and surgical <ptitudes 
in his residency training, and was promptly selected 
by a prestigious otologist as his protege and his 
medical future seemed assured. He was on his way 
to a successful career as an otologic surgeon. 


It would have been very simple for Sam to fit into 
the pattern of a successful Park Avenue cc nsultant 
with the likely prospect of succeeding to the direc- 
torship of the otologic service of one of the major 
hospitals in New York. But Sam and his irtelligent 
and lovely wife, Helen, were caring and concerned 
people who believed that a full and produ>tive life 
meant total commitment, not only to med:cine but 
to the humanitarian ideas and ideals in which they 
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believed. They devoted their lives to the achieve- 
ment of these goals. 


Otology owes a great debt to Sam Rosen. He was 
devoted to his work and enjoyed his efforts to shed 
some light on the unexplained causes of deafness 
end vertigo. He lived to see worldwide appreciation 
cf the role of the Rosen stapes mobilization pro- 
cedure in the evolution of hearing rehabilitation; he 
cerived great pleasure in watching his students and 
; roteges all over the world build upon and improve 
Fis fundamental concepts. 


For a large part of his adult life, Sam devoted 
himself to the dissemination of otologic information 
aad to the gathering of research data in many areas 
o: the world. Despite some resistance to these efforts 
aid with considerable personal sacrifice, he made 
possible an interchange of knowledge and ex- 
perience between members of the medical profes- 
sions of the United States and some 40 other coun- 
tries. 


The Rosens became interested in China and the 
Chinese people in 1937. They were among the first 
Americans to be invited to visit that country. Most 
recently, they devoted themselves to establishing 
better communications between the United States 
and China. Sam and Helen led groups of otolaryn- 
gologic teachers to China, providing them with the 
opportunity to see and to understand the many con- 
tributions made by the Peoples Republic of China 
and their doctors, and to provide the Chinese medi- 
cal profession with the most recent otolaryngologi- 
cal developments in the United States. 


Sam was recognized and honored all over the 
world; a list of his honors, citations, gold medals 
and elections to honorary memberships is endless. 
Ir the United States, he was awarded the presti- 
gious American Otological Society Award of Merit 
in 1971, and in 1980 he received the Presidential 
Citation of the American Academy of Ophthalmol- 
ogy and Otolaryngology. 


Sam is survived by his wife, two children, Judith 
R ıben and Dr. John F. Rosen, and four grandchil- 
dren. 


The world will miss Sam Rosen’s enthusiastic 
medical leadership and his humanitarianism. Oto- 
laryngology has lost a valued colleague. Many of us 
have lost a dear friend. 


Ben H. Senturia, MD 
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AMERICAN BRONCHO-ESOPHAGOLO ICAL ASSOCIATION 


May 3-4, 198 


Observations on So-called Idiopathic Vocal Cord Paralysis. Paul Research Zssay Contest — First Prize: The Dynamics of Venturi 
H. Ward, MD, George Berci, MD. e- “-ntilation Through the Operating Laryngoscope. Peak 


Hereditary Abductor Vocal Cord Paralysis — A New Look at a oc MD, Stephan Eurenius, BS. Second Prize (Paper Will 


Rare Disorder. Gregory Milmoe, MD, Kenneth M. Grund- ot 3e Presented). Idiopathic Inflammatory Obstructive 
fast. MD. i radkeitis. J. T. Twiggs, MD, E. J. O’Connell, MD, R. L. 


ele=cber, MD, B. W. Pearson, MD, L. H. Weiland, MD, 
Atlanto-Axial Instability Revisited — An Alert for Endoscopists, and § C. McDougall, MD. 
Martin L. Norton, MD. 


Seymour 2. Cohen Award for Pediatric Laryngology and Bron- 
Laryngeal Malignancies and Computerized Tomography: A Cor- hoe=phagology, The Infant Larynx — Normal and Ano- 
relation of Tomographic and Histopathologic Sections, Joyce | j 


ales. John A. Tucker, MD. 
A. Schild, MD, Galdino E. Valvassori, MD, Mahmood F. i , aSa i 
Mates. MD. ut sts in the Pediatric Age Group: Airway Problems — 


D:asosis and Management. Seymour R. Cohen, MD, Ken- 
A New Tracheal Valve for Voice Production. Eric D. Blom, etk 4. Geller, MD, Jeffrey W. Birns, MD, Jerome W. 
PhD, Mark I. Singer, MD, Ronald C. Hamaker, MD. i 


Thos ason, MD. 


Factors in Successful Deglutition Following Subtotal Laryngeal The Tre-ament of Recurrent Respiratory Papillomatosis (RRP) 
Surgery. Toribio C. Flores, MD, Benjamin G. Wood, MD, wth lumps Skin Test Antigen (MSTA). Allan B. Seid, MD, 
Howard L. Levine, MD, Lawrence Koegel, Jr., MD, Har- how as J. Fiseher, MD, John E. Neely, MD, Robert I. Kap- 
vey M. Tucker, MD. lan, “D, Ruth Bockhold, RN, Robin T. Cotton, MD. 
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The Complications of Tracheal Intubation. William M. Keane, Pediatric Tracheostomy: Experience During the Past Decade, 
MD, James Denneny, MD, Joseph P. Atkins, Jr., MD, Lee Ral T. Wetmore, MD, Steven D. Handler, MD, William 
D. Rowe, MD. . Fe=sick, MD. 

Wegener’s Granulomatosis of the Subglottic and Upper Trachea. Home C +e of Tracheostomies. R. J. Ruben, MD, L. Newton, 


Thomas J. McDonald, MD, H. Bryan Neel, IHI, MD, Rich- 
ard A. DeRemee, MD. 


Wegener's Granulomatosis Appearing Initially in the Trachea. Scanning Electron Microscopic Examination of Non-Beating 
Juan Carlos Arauz, MD, Rolando Fonseca, MD. Cili. James P. Dudley, MD, Lance Eisner, James D. Cher- 


Anatomic Abnormalities in Obstructive Sleep Apnea. Dale ry, WD. 


Wilms, MD, William Conway, MD, Shiro Fujita, MD, Su eA = : f 
Frank Zorick, MD, John Popovich, MD. Bronchəs=pic Limited Lavage for Cystic Fibrosis Patients — An 


djumet to Therapy. Bruce F. Rothmann, MD, Lewis H. 
Val=r, MD, Robert T. Stone, MD, Francois W. Seguin, 


MD: H. Chambers, MD, D. L. Jornsay, RN, PNP, C. A. 
Lawe=ence, MA, RN, J. Liquori, CSW. 


Brainstem Evoked Response Auditory in Adult Sleep Apnea. 
Nancy L. Snyderman, MD, Charles F. Reynolds, MD, Mar- 
gareta Moller, MD, Jonas T. Johnson, MD. 


Foley Catheter Removal of Esophageal Foreign Bodies: A Survey. 
W. Frederick McGuirt, MD. 


A Simple Endoscopic Intubation Technique of a Malignant Eso- 
phageal Obstruction. Enje Th. Edens, MD, Jos. J. M. van 
Overbeek. MD. Pho 


Presentation of New Instruments. 
1. Minimally Combustible Endotracheal Tube for Laser Sur- 
gery. Thomas Yarrington, MD. l TOET l 
2. Heat Sump Protection for Endotracheal Cuff. Francis Le- Caustic Eectigestion in Children — A Review of 400 Cases. J. 5. 
Jeune, MD. Adams, MD, H. G. Birck, Md. 


Research Speaker: Dysphagia, Its Clinical and Basic Investiga- Mediastix: scopy for Extra Thoracic Tumors Involving the Media- 
tions. Tetsuzo Inouye, MD. stnæn. Louis W. Welsh, MD. 


strad =al Catheter Oxygen Delivery System. Henry J. Heim- 
ich. «1D. 


eote=nchial Obstruction from Metastatic Malignancies 
rer Distant Sites. Stanley M. Shapshay, MD. 


raď -ion Therapy in Local Control of Cancer of the Trach- 
cbr-achial Tree. Denis L. Cortese, MD, James H. Kinsey, 
= DS 
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AMERICAN LARYNGOLOGICAL ASSOCIATION 


May 4-6, 1982 


Age-Related Changes in the Monkey Larynx. Charles W. Cum- 
mings, MD. 


Office Telescopic Photography of the Larynx. Eiji Yanagisawa, 
MD. 


A Classification and Approach to Patients With Functional Voice 
Disorders. James A. Koufman, MD. 


Pathogenesis of Vocal Cord Polyps. Oskar Klein, MD. 


Endoscopic Rehabilitation of the Airway in Laryngeal Paralysis. 
F. R. Kirchner, MD, FACS. 


Predictive Factors of Success or Failure in Endoscopic Manage- 
ment of Laryngeal and Tracheal Stenosis. George T. Simp- 
son, MD. 


Present Diagnosis and Conservative Surgical Management of 
Condrosarcoma of the Larynx. Julius N. Hicks, MD. 


Case Presentation of Chondrosarcoma of the Larynx. Francis 
LeJeune, Jr., MD. 


Baker Lecture — “Subcertificiation in Otolaryngology: Now or 
Never.” George F. Reed, MD. 


An Extended Transantral Approach for Pterygomaxillary Tu- 
mors. Charles J. Krause, MD. 


The Primary Management of Laryngeal Trauma. Steven D. Sch- 
aefer, MD, Robert G. Anderson, MD. 


An Assessment of Intubation in Croup and Epiglottis. David E. 
Schuller, MD. 


Laryngeal Paralysis in the Pediatric Patient. Seymour F. Cohen, 
MD. 


Neonatal Tracheotomy. Gabriel F. Tucker, Jr., MD, Carol Rob- 
erts Gerson, MD. 


Laryngeal Papilloma: Results of Treatment with the CO, Laser 
and Podophylum. Robert X. Jackler, MD, Herbert H. Dedo, 
MD. 


Leukocyte Interferon in Patients with Juvenile Laryngeal Papillo- 
matosis. Helmuth Goepfert, MD. 


Single Stage Correction of the Twisted Nose. M. Eugene Tardy, 
MD. 


Sarcoidosis of the Larynx. H. Bryan Neel, MD. 


Incidence of Potential Complications Associated with the Cryco- 
thyrotomy. Ernest A. Weymuller, Jr., MD. 


Nerve-Muscle Pedicle Reinnervation of the Larynx: Avoiding Pit- 
falls and Complications. Harvey M. Tucker, MD. 


Surgery of the Inferior Nasal Turbinates. William H. Saunders, 
MD. 


Correction of Posterior Glottic Incompetence Following Ex- 
tended Partial Laryngectomy. Hugh F. Biller, MD. 


Tracheosostomal Stenosis After Total Laryngectomy. Eugene N. 
Myers, MD. 


Causes of Failure of Esophageal Speech. George A. Gates, MD. 


Prognostic Factors Affecting Success of Duckbill Vocal Restora- 
tion. David E. Schuller, MD. 


Primary Vocal Rehabilitation Using the Blom-Singer and Panje 
Voice Prosthesis. Michael D. Maves, MD, Raleigh E. Ling- 
man, MD. 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL SOCIETY, INC. 


May 4-6, 1982 


Five Years Experience Using the Intact Canal Wall Tympano- 
plasty with Mastoidectomy for Cholesteatoma — Prelimin- 
ary Report. Sam E. Kinney, MD. 


Tinnitus Aurium: Fact . . . or Fancy. Clarence T. Sasaki, MD. 


Human Histopathology of Cis-Platinum Ototoxicity. Steven D. 
Schaefer, MD. 


Treatment of Tinnitus with Tocainide. Patrick J. Doyle, MD. 


Adductor Spastic Dysphonia: Three Years After Recurrent Laryn- 
geal Nerve Resection. Arnold E. Aronson, PhD. 


Results of 300 Recurrent Nerve Sections for Spastic Dysphonia. 
Herbert H. Dedo, MD. 


Thin-Needle Aspiration Biopsy Revisited. Mary Ann Smith Fra- 
ble, MD. 


Delayed Failure of Myocutaneous Flaps in Head and Neck Recon- 
struction. Hyun Cho, MD. 


Modified Supraglottic Laryngectomy in the Resection of Exten- 
sive Malignant Neoplasms of the Base of Tongue and Phar- 
yngeal Wall. Raleigh E. Lingeman, MD. 


Lateral Laryngeal Suspension — A New Procedure to Minimize 
Swallowing Disorders Following Tongue Base Resection. 
Richard L. Goode, MD. 


Laryngeal Transposition Flap for Reconstructing Large Oral Ca- 
vity Defects. Steven M. Sobol, MD. 


Infratemporal Fossa Approach for Juvenile Angiofibromas and 
Other Parasellar Lesions. Prof. Ugo Fisch. 


Tracheal Involvement in Laryngeal Papillomatosis. Haskins Ka- 
shima, MD. 


The Composition and Function of the Nasal Valve. J. Haight, 
MD. 


Symposium: The Nose: The Forgotten Organ. John J. Ballenger, 
MD, Moderator. 


Survival Rates in 548 Patients with Multiple Neoplasms of the Up- 
per Aerodigestive Tract. Jack L. Gluckman, MD. 


CT Diagnosis of Head and Neck Cancers with Intact Mucosa. 
William Hanafee, MD. 


Computed Tomography of Laryngeal Cancer with Histopatho- 
logical Correlation. Carol R. Archer, MD. 


Tracheo-Esophageal Party Wall. John A. Tucker, MD. 


The Role of Conservative Surgery in the Management of Inverted 
Papilloma of the Nose. Hugh F. Biller, MD. 
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April 30-May 1, 1982 


Methodology for Assessment of Brainstem Auditory Evoked 
Potential Test Results. R. H. Nodar, MD. 


Auditory Evoked Potentials, Impedance Measures and Diagnos- 
tic Speech Audiometry in Severe Head Injury: Serial Find- 
ings. J. W. Hall, MD, et al. 


Velocity of Saccadic Eye Movements in Clinical Neurotology. J. 
Corvera-Bernadelli, MD. 


Eye Velocity Pattern in Lesions in the Posterior Fossa. C. Wenn- 
mo, MD, et al. 


Vestibular Plasticity. G. Melville-Jones, MD, Guest Speaker. 


Downbeat Gaze Nystagmus — A Useful Clinical Diagnostic Sign. 
A. Katsarkus. MD, et al. 


Isolated Vestibular Disturbances Following Head Trauma. M. 
Ziv, MD, et al. 


Effects of Position Change on Optokinetic Nystagmus (OKN) and 
Optokinetic after Nystagmus (OKAN) in Man. W. LeLiever, 
MD, et al. 


Cytoarchitecture of the Y Group. E. Mhoon, MD, et al. 


Some Observations on the Localizing Significance of Ear-De- 
pendent Positional Nystagmus. S. Althaus, MD, et al 


Autoimmune Reactivity in Cogan’s Syndrome. G. Hughes, MD, 
et al. 


Immunology of the Inner Ear. J. Harris, MD. 


Vascular Mechanisms in Meniere’s Disease. R. Gussen, MD. 
Membrane Reotures in Meniere’s Disease. F. Linthicum, MD. 


Acute Vestibular Neuritis Following Stapedectomy. K. Adour, 
MD. 


Recent Advarces in Medical and Surgical Management in Bell’s 
Palsy. F. McGovern, MD. 


Facial Paralysis in Children. M. E. Glasscock, III, MD, et al. 


Histopathelog’ of the Cochlea, Auditory Nerve, and Brainstem 
Auditory Nucleus Following Intracochlear Electrical Stimu- 
lation. T. Balkany, MD, et al. 


Superior Ultra-Audiometric Hearing Associated with Genetic 
Hear ng oss. L. Bergstrom, MD, et al. 


Head Shake ñesponse as Prognostic Factor After Vestibular 
Lesions. MM. Schiff, MD, et al. 


Titration 5trestomycin Therapy for Bilateral Meniere’s Disease. 
M. Grahzem, MD, et al. 


Tocainide and Tinnitus: Results of a Double-Blind Study. J. Ned- 
zelski, MD, et al. 


Sudden Deafness. U. Fisch, MD, Guest Speaker. 


Panel: Vertigo Moderator, H. Schuknecht. Panelists to be an- 
nounced. 


AMERICAN OTOLOGICAL SOCIETY, INC. 


May 2-3, 1982 


Cochlear and Otoconial Abnormalities in Capsular Otose erosis 
with Hydrops. Lars-Goran Johnssen, MD, Joseph E. Haw- 
kins, Jr., DSC, Roland C. Rouse, PhD, Fred H. Linthicum, 
Jr., MD. 


Round Window Niche Surgery Singular Neurectomy: An Update. 
Richard R. Gacek, MD. 


Experimental Study of the Fate of the Vestibular Nerve Fcllow- 
ing Labyrinthectomy: Surgical Implications. Harold F. Sch- 
knecht, MD. 


Glomus Jugulare Tumors of the Temporal Bone, The Infratem- 
poral Fossa Approach. Professor Doctor Ugo Fisch. 


Cochlear Implantation in Children. William F. House, MD. 


Speech and Language Development in a Parent Infant Total 
Communication Program. Robert J. Ruben, MD, Anita 
Dee, MD, Isabelle Rapin, MD. 


Facial Nerve Anatomy — Normal and Variable. Bruce Prector, 
MD, George T. Nager, MD. 


Polytomography in Congenital Abnormalities of the Ear. J. Wil- 
liam Wright, Jr., MD. 


Panel: Congenital Anomalies of the Ear — Techniques, Compli- 
cations and Controversies. Eugene L. Derlacki, MD, Moder- 
ator, Jack V. Hough, MD, James A. Crabtree, MD, George 
T. Nager, MD, Richard J. Bellucci, MD, Robert A. Jahrs- 
doerfer, MD. 


The Normal Neonatal Brainstem Auditory Evoked Potentials. 
Marvin P. Fried, MD, Howard H. Zubick, PhD, Peter Feu- 
do, Jr., Marshall Strome, MD. 


Harmonic Acceleration Tests as a Measure of Vestibular Nystag- 
mus Eespenses During Computerized Harmonic Accelera- 
Tests. Pau H. Ward, MD. 


Comparison of Vestibular Subjective Sensation and Nystagmus 
Responses During Computerized Harmonic Acceleration 
Tests. Pau H. Ward, MD. 


Computerized Tomographic Scanning with Air Contrast of the 
Internal Aeiditory Canal. Robert G. Anderson, MD, James 
Olson, MI*, Marie Merkel, MD, Steven Schaefer, MD. 


The Hindbrain Circulation and its Evaluation by Dynamic Com- 
puted Toraography. Galdino E. Valvassori, MD, Glen D. 
Dobben, MD. 


The Anatomica Specificity of Central Vestibular Signs in Poster- 
ior Fossa —esions. Arvind Kumar, MD, Mahmood Mafee, 
MD. Niche_as Torok, MD. 


Stapedectomy — A Long-Term Report. John J. Shea, MD. 


What Can Be Lone for the Recruiting Ear? Maurice Schiff, MD, 
Robert E. sandlin, PhD. 


The Effect ef Mastoid Cavity Modification on Middle Ear Sound 
Transmission. Richard L. Goode, MD. 


The Homograft Tympanic Membrane After 12 Years. Roger E. 
Wehrs, MI». 


Freeze-Dried Incus CrutchImplant. Mansfield F. W. Smith, MD. 


Panel: Tymparoplasty: Indications and Pitfalls. James L. 
Sheehy. MD, Moderator, Gordon D. L. Smyth, MD, Harold 
F. Sehukne-ht, MD, Professor Doctor Ugo Fisch, James A. 
Crabtree, MD. 


130 PROGRAMS 
AMERICAN SOCIETY FOR HEAD & NECK SURGERY 


May 5-6, 1982 


45 Cases of Vertico-Fronto-Lateral Laryngectomy »Hemilaryn- 
gectomy): Indications, Techniques and Results. R. M. Mohr, 
MD, Quenelle, MD, D. A. Shumrick, MD. 


Nasal Septal Cartilage Graft in Hemilaryngectomy R. B. But- 
cher, MD. 


Staging of Supraglottic Laryngeal Cancer — 1972 vs 1977. M. E. 
Johns, MD, E. Farrior, MD, J. C. Boyd, MD, R. W. Can- 
trell, MD. 


Two Useful Adjuncts to Visceral Transplantaticn for Hypo- 
pharyngeal Malignancy. J. L. Freman, MD, X. Brondbo, 
MD, M. Osborne, MD, A. M. Noyek, MD, H. L. Shaw, 
MD, J. S. Chapnik, MD. 


Modified Supraglottic Laryngectomy in the Resection of Exten- 
sive Malignant Neoplasms of the Base of Tongue and 
Pharyngeal Wall. E. C. Weisberger, MD. 


Total Glossectomy — A Method of Reconstruction Eliminating 
Laryngectomy. H. F. Biller, MD, W. Larson, MD. 


Reconstructing Using Fixation Plate — Proplast Prosthesis: A Pre- 
liminary Study. V. V. Strelzow, MD, J. Siddoway, MD, W. 
H. Friedman, MD. 


The CO, Laser: Its Effects on the Facial Nerve. M. =. Goldman. 
MD, R. Ossoff, MD, C. Thomas, MD, M. Jahalon, MD. 


Changing Patterns in Reconstruction Following Head and Neck 
Cancer Surgery. C. T. Yarington, Jr., MD, W. F. Larrabee, 
MD. 


Reconstruction of the Hypopharynx and Cervial Esophagus. V. 
L. Schramm, MD, E. N. Myers, MD, J. T. Johnson. MD. 


Muscle Flap Reconstruction of the Pharynx after Laryngectomy. 
M. I. Singer, MD, R. C. Hamaker, MD, W. W. Shockley, 
MD. 


Thyroid Tumors, The Endocrinologist’s Perspective. C. H. Hol- 
lenberg, MD. 


Diagnostic Thyroid Imaging. A. M. Noyek, MD. 


The Role of Needle Biopsy in the Management cf Thyroid Tu- 
mors. R. C. Hamaker, MD. 


Practical Anatomic Consideration in Thyroid Tumor Surgery. J. 
M. Lore, Jr., MD. 


Surgical Decision-Making in Thyroid Tumors. H. F. Biller, MD. 


The Management of Airway Involvement in Thyreid Tumors. V. 
G. Lawson, MD. 


Vasopressin Secretion in Olfactory Neuroblastoma. V. S. Dayal, 
MD, R. Love, MD, R. T. Gregor, MD, J. R. Srigley, MD, 
A. W. P. Van Nostrand, MD. 


Evaluation of Frozen Section in Major Salivary Gland Surgery. 


A. Hillel, MD, W. E. Fee, Jr. 


The Use of Computed Tomography in Diagnosing Deep Neck In- 
fections. G. E. Holt, MD, K. McManus, MD, R. Newman, 
MD, J. Potter, MD, P. P. Tinsley, MD. 


Computerized Tomographic Assessment of Squamous Cell Car- 
cinoma of the Head and Neck. S. Schaefer, MD. M. Merkel, 
MD, J. Diehl, MD, K. Maravilla, MD, R. Anderson, MD. 


Digital Subtraction Video Angiography: Applicacions in Head 
and Neck Surgery. R. W. Miller, MD, S. W. Coulthard. 


High Resolution and Dynamic Sequential Computerized Tomo- 
graphy in the Evaluation of Glomus Complex Tumors (Che- 
modectoma). M. F. Mafee, MD, G. E. Valvassori, MD, M. 
A. Shugar, MD, G. D. Dobben, MD. 


Parathyroid Localization with CT Scanning. M. Friedman, MD, 
M. F. Mafee. MD, F. Berlinger, MD, H. Baim, MD, V. 
Shelton. 


Multifactorial Analysis of the Staging Parameters for Cancer of 
the Laryngopharynx. J. R. Jacobs, MD, E. Spitznagel, MD. 
D. G. Sessions, MD, J. H. Ogura, MD. 


Immunostimulation of Head and Neck Cancer Patients: in Vitro 
and Preliminary Clinical Experiences. J. T. Johnson, MD, 


B. Hirch, MD, B. S. Rabin. 


Energy and Tissue Metabolism in Cancer Patients in Response to 
Nutritional Support. S. Edstrom, MD, E. Eden, MD, K. 
Bennegard, MD, K. Lundholm, MD. 


Observations on Nerve-Muscle Preparation Reinnervation of the 
Paretic Larynx — An Evaluation of the Tucker Procedure. 
P. H. Ward, MD, G. Berci, MD. 


Medullary Carcinoma of the Thyroid Gland. C. H. Hollenberg, 
MD, Guest Speaker. 


Skull Base Surgery in Composite Resection. Y. P. Krespi, MD, G. 
A. Sisson, MD. 


Local Excision and Radical Radiotherapy for Cancer of the Oral 
Tongue — A Preliminary Report. C. T. Chung, MD, R. R. 
Gacek, MD, R. H. Sagerman, MD, G. A. King, MD, D. D. 
Rabuzzi, MD, D. A. Leopold, MD. 


High Fractional Dose Irradiation of Advanced Head and Neck 
Cancer. J. B. Weissberg, MD, H. Pillsbury, MD, C. T. Sa- 
saki, MD, Y. H. Son, MD, J. J. Fischer, MD. 


Effect of WR-2721 on Radiation-Induced Changes in Perfusion 
of Skin Flaps. R. A. Weisman, MD, A. L. Blumberg, MD, 
D. Brosseau, MD, D. G. Silverman. 


Ultrasound-Induced Hyperthermia for Advanced Squamous Car- 
cinoma of the Head and Neck: Progress Report. T. J. Ervin, 
MD, P. P. Lele, MD, D. Miller, MD, R. L. Fabian, MD, R. 
R. Weichselbaum, MD. 


Innovative Regional Therapy for Head and Neck Cancer. S. R. 
Baker, MD, R. H. Wheeler, MD. 


Predicting Postoperative Head and Neck Complications Utilizing 
Nutritional Assessment (The Prognostic Nutritional Index). 
T. C. Flores, MD, H. Levine, MD, R. Hooley, MD, T. 
Wheeler, MD, E. Steiger, MD. 


The Management of Early Supraglottic Laryngeal Carcinoma by 
Irradiation with Surgery in Reserve. A. R. Harwood, MD. 


Spectrum of Reconstruction for Mid-Facial Cutaneous and Soft 
Tissue Neoplasms. J. Jacobs, MD. S. Burres, MD, R. Stan- 
ley, MD, R. Mathog, MD. 


A Comparative Analysis of Disability Resulting from Radical and 
Modified Neck Dissections. D. E. Schuller, MD, N. A. Rei- 
ches, MD, J. J. Conley, MD, R. C. Hamaker, MD. R. E. 
Lingeman, MD, E. C. Weisburger, MD, J. Y. Suen, MD, 
D. R. Kelly, MD, A. W. Miglets. 


Rehabilitative Surgery for Aspiration — A Clinical Analysis. M. 
Strome, MD. 
Surgical Management of Nasopharyngeal Angiofibroma. Wu 


Shan, MD. 





1982 IOWA HEAD AND NECK CANCER AND 
RECONSTRUCTIVE SURGERY COURSE 


June 7-11, 1982 


William Panje, MD, Course Director 
John Conley, MD, Guest of Honor 





A one-week course is offered to cover the current and contemporary surgical techniques in the 
management of head and neck cancer. Neck dissection. salivary gland, sinus, oral cavity, thy- 
roid disease, as well as contemporary reconstructive surgery will be covered in detail. Cadaver 
dissection under expert supervision will be done. 





Fee: $1,000 (includes lecture series end cadaver dissection) 
$500 (includes lecture series enly) 


Residents with letter from head of department will get a 59% reduction; resident applications 
will be limited. 





Enrollment for cadaver dissection will be strictly limited. 


For further information contact: JoAnn Murdock, Dept. of Oto.aryngology, University of Iowa Hospi- 
tals, Iowa City, Iowa 55242. (319) 356-2797 or 356-3574. 





SECOND INTERNATIONAL COURSE 


MICROSURGERY OF THE LARYNX 
AND VOICE REHABILITATION 





March 31-April 3, 19&2 
Auditorio de la Escuela Médico Militar. Mexico City 


Sponsored by 


UNIVERSIDAD DEL EJERCITO Y FUERZA AEREA and COLEGIO AMERICANO DE 
CIRUJANOS (CAPITULO MEXICO) 


with the collaboration of the Sociedad Mexicana de Otorrmo aringologia, the Colegio Nacional de 
Graduados del Hospital Central Militar, and the Sociedad Mexicana de Audiologia y Foniatrfa. 


Directors: Dr. Masao Kume, FACS, and Dr Guillermo Quiróz 


Guest Faculty: Dr. Herbert H. Dedo, USA; Dr. Shigeji Saito. Janan; Dr. Jorge Perelló, Spain; Dr. Fer- 
nando R. Kirchner, USA: Dr. Andrés Delgado, Mexico; Dr. Arzystof Izdebski, USA; Dr. Hiroyuki 
Fukuda, Japan. 


Instant translation: Spanish-English. English-Spanish 
Fee: $180 (US); $130 for Residents and Voice Therapists 


For information write: INTERMICRO, Durango No. 355-6c piso, Colonia Condesa, Delegación 
Cuauhtémoc 06700, México, 7, DF. A117 








ANNUAL 
UNIVERSITY OF MICHIGAN COURSE 
HEAD AND NECK ONCOLOGY 


MARCH 15-19, 1982 
Course Director: Shan R. Baker, MD 


Program will consist of morning didactic sessiors dealing 
with principals of oncologic diseases. Contemporary meth- 
ods of managing head and neck cancer will be stressed. In 
the afternoon, two instructional methods are avai able for 
your selection. The first includes an opportunity to per- 
form various surgical procedures on cadavers. The second 
provides an opportunity to observe the techniques on ex- 
cellent videotapes. 


Tuition fee: $700, Physicians in practice 
$500, Residents 

For those not wishing to perform cadaver dissections, 
detailed video demonstrations of each surgical procedure 
will be presented. Tuition for those not participating in 
cadaver dissections will be $600 for practicing physicians 
and $400 for residents. Enrollment for this course will be 
limited. 

Course approved for 45 units of continuing education 
credit through the University of Michigan’s Pos:graduate 
Medical Education Division. 


For further information: Shan R. Baker, MD, Dept. of 
Otorhinolaryngology, University of Michigan Hospital, 
Ann Arbor, MI 48109 (313) 763-4037. 


THE 
DEPARTMENT OF OTOLARYNGOLOGY 
AND 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
OF THE MOUNT SINAI 
SCHOOL OF MEDICINE (CUNY) 


Announce a Postgraduate Course 


TEMPORAL BONE SURGERY 


Under the Direction of Simon C. Parisier, MD 
Joel Shugar, MD, and Guest Faculty 
May 17-21, 1982 
Monday through Thursday 9 AM to 6 PM; 
Friday 9 AM to Noon (four and one-half sessions) 


This intensive five-day basic laboratory course is 
designed to familiarize otolaryngologists with the 
surgical anatomy of the temporal bone which is 
essential for the application of operative tec a1niques 
currently utilized in managing diseases of the tem- 
poral bone. Fresh cadaver material and cperating 
microscopes will be available. 

Maximum: 10 persons. 
Fee: $800. 
This course will be given at the Mount Sinai Medical 
Center, New York, New York 

Apply to: Director, The Page and William Black 
Post-Graduate School of Medicine, Mourt Sinai 
School of Medicine, One Gustave L. Levy Place, 
New York, NY 10029. Telephone: (212) 650-6737. 
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AMERICAN RHINOLOGIC SOCIETY 


announces 
Postgraduate Introductory Course 


NASAL SEPTAL PYRAMID SURGERY 
AND 
CLINICAL RHINOMANOMETRY 


Based on the Dr. Maurice H. Cottle Technique 
August 20-25, 1982 


University of Missouri School of Dentistry 
Kansas City, Missouri 


This practical course is designed to introduce the basic 
philosophy of the late Dr. Maurice H. Cottle, and will in- 
clude exhibits, lectures, T.V. surgery, and cadaver dissec- 
tion by members and guests of the American Rhinologic 
Society. 

Special attention to the physiological concepts of diagnosis 
and surgical treatment for nasal and septal deformities. 


Clinical office rhinomanometry will be presented in lec- 
ture, and practical application will be demonstrated. 


Registration fee: Physicians - $600 

Residents - $300 
Through the Dr. Maurice H. Cottle Education and Re- 
search Fund a few part and full pay tuitions are available. 


To register contact: P.A. Barelli, MD, Course Director, 
2929 Baltimore, Suite 105, Kansas City, MO 64108. (816) 
561-4423. 


Category 1 — AMA credit 





Advance Registrations Now Being Accepted 
TEMPORAL BONE 
SURGICAL DISSECTION COURSE 


HOUSE EAR INSTITUTE 


In Cooperation With 
University of Southern California School of Medicine 


TWO WEEKS EACH 
March, April, October, November 1982 & 1983 


Participants spend four hours daily in the dissection 
laboratory and four hours observing live telecasts of 
correlated surgery. Early evening lectures and films 
include demonstration and practice of multiple ap- 
proaches to the structures of the temporal bone as 
used by members of the Otologic Medical Group, 
Inc. 


Each course limited to 24 board certified or board 
eligible otolaryngologists and residents. 


Tuition (U.S. Currency): 
Physicians — $1500 
Residents — $1200 (with letter from 
Chief of Service). 


CME Credit: 100 Hours 


For further information: Antonio De La Cruz, MD, 
Director, Temporal Bone Surgical Dissection 
Course, House Ear Institute, 256 South Lake Street, 
Los Angeles, CA 90057. A76 
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THE DEPARTMENT OF OTOLARYNGOLOGY 
and 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 
Announce a Postgraduate Course 


CONTROVERSIES IN OTOLARYNGOLOGY 


Under the Direction of 
FRANK E. LUCENTE, MD 


Mount Sinai School of Medicine Faculty: Donald A. Bergman, MD; Hugh F. Biller, MD; Jack Dalton, 
MD; Sidney S. Feuerstein, MD; Saul Hoffman, MD; William Lawson, MD, DDS; Simon C. Parisier, 
MD; Max Som, MD; Peter Som, MD. | 


Guest Faculty: Kenneth Brookler, MD, N.Y.; John Coney. MD, N.Y.; Michael Glasscock, MD, 
Nashville, Tenn.; Gerald Healy, MD, Boston; Barry Kaplaa. MD, N.Y.; Daniel Rabuzzi, MD, N.Y.; 
Robert Ruben, MD, N.Y.; Harvey Tucker, MD, Cleveland: Richard Webster, MD, Melrose, Mass. 
April 22-23, 1982 
Thursday and Friday, 8:30 AM to 5 00 PM (2 Sessions) 
This course will cover numerous areas of clinical otolaryngobg? in which controversies regarding diag- 
nosis and treatment exist. Among the subjects which will be included are: pediatric endoscopy, laryn- 
geal tumors, sudden hearing loss, vertigo, rhinoplasty, blepharoplasty, mentoplasty, and disorders of 


the facial and recurrent laryngeal nerves. Brief lectures will de followed by panel discussions with 
liberal time for audience participation. 


Fee: $225 including lunch; House Staff: $100 including lunch. 
This course will be given at the Mount Sinai Medical Center, New York, New York. 


Apply to: Director, The Page and William Black Post-Graduate School of Medicine, Mount Sinai School 
of Medicine, One Gustave L. Levy Place, New York, New York 0029. (212) 650-6737. A109 


























UNIVERSITY OF IOWA 
DEPARTMENT OF OTOLARYNGOLOGY AND MAXILLOFACIAL SURGERY 


Announces Course 


MICROANASTOMOSIS AND RECONSTRUCTION IN THE HEAD AND NECK 
(Microvascular and Microneural Anastomoses) 


April 26-30, 19€2 
BRUCE J. GANTZ, MD, urse Director 


Microvascular anastomosis for free graf- reconstruction in the head and neck and microneural tech- 
niques for reanimation of the face will be discussed. Course will consist of lectures on technique, recon- 
struction concepts, and problem areas and how to avoid them. A major portion of this course will be de- 
voted to the microdissection laboratory where each participan will gain personal experience perform- 
ing microvascular and microneural anas-omosis. Dissection of donor grafts and recipient sites in cada- 
vers will illustrate blood supply and methods of graft harvest. 


Purpose of this course will be to introduce microsuture techn ques to the head and neck surgeon and pre- 
sent a discriminating view of this relatively new concept. 


Course fee: $700; $400 for Senior Residents and Fellows with resume and 
letter of recommenda-ioa from departmental chief. 


Enrollmert will be strictly limited to ten. 


For further information contact: JoAnn Murdock, Course Coordinator, Dept. of Otolaryngology, Uni- 
versity of Iowa Hospitals, Iowa City, IA 52242, (319) 356-2797 or 356-3574. 





Great noses 
deserve 


Afrin 


with the longest- 


lasting nasal 
-decongestant 








rapid onset of action... 
b.i.d. dosage 
for 24 hour relief 


Afrin delivers up to 24 hour relief of 
nasal/sinus congestion due to colds, 
allergies, and sinusitis; and of 
eustachian tube blockage. Available in 
nasal spray, menthol nasal spray, 

nose drops, and pediatric nose drops. 


Recommend Afrin... 
the first nasal 
decongestant for 

p to 12 hour relief 


COPYRIGHT © 1981 “ORPORATION ALL RIGHT , RESERVE 
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The IXth International Congress of Radiology in 
Otorhinoradiology 


Sponsored by the International Collegium of Radiology in Otorhinolaryngology and the 
American Society of Head and Neck F adiology Inc., will be organized from 
June 6 to June 9, 1982 in France in Fontevraud Abbey, 
near Tours (Loire Valley) 
MAIN TOPICS 
C.T. in Otorhinolaryngology — New imaging and reccrding system (except C.T.) 
Image quality — Place of C.T. in Health policy — Larynx — Temporalbone — Sinuses — 
Vascular Insufficiency — Place of therapeutic angiography in Otorhinolaryngology. 


CALL for PAPERS 
Those interested in submitting a scientific paper for cansideration for presentation at 


the Congress should send a summary of 100 words or less to Dr. VIGNAUD by 
September 30, 1981. 


A postgraduate course, sponsored by the “Collège d'Enseignement Post-universitaire 
en Radiologie” (C.E.P.U.R.) will be held | 
June 4 to June 6, 1982. 


inthe same location. 
French/English simultaneous translation will be available. 
Special rates will be allowed to the Residents. 


For information, write to the President of the Congress : 
Docteur J. VIGNAUD 
Service de Radiologie, Fondation A. de Rothschild 
25 rue Manin 
75019 PARIS FRANCE. 











Jefferson Medical College 
of 
Thomas Jefferson University 
Department of Otolaryngology 


ANNALS OF OTOLOGY, 
RHINOLOGY AND 
LARYNGOLOGY 


ANNALS OF HEAD AND NECK 
MEDICINE AND SURGERY 








The Annual NOTICE TO SUBSCRIBERS 


LOUIS H. CLERF LECTURESHIP 










Guest Lecturer It is essential that all ADDRESS CHANGES 


George T. Nager, MD 


be received within 30 days prior to effective 
date. Postage costs have become prohibitive 
and every returned “address unknown” jour- 
nal adds to these costs. Send old and new ad- 
dresses a early as possible to: 






June 23, 1982 






Annals Publishing Company 
4949 Forest Park Boulevard 
St. Louis, MO 63108 


For further information contact: 
Department of Otolaryngology 
Jefferson Medical College 
1025 Walnut Street 
Philadelphia, PA 19107 












POSITION AVAILABLE 


Otolaryngologist 
Interested in 
Clinical Otolaryngology 
Teaching-Research 


Prefer special interest in pediatric ctolaryn- 
gology and/or allergy. Salary commensurate 
with ability and experience. 


University of Miami School of Med:cine- 
Veterans Administration Hospital Medical Centers 
Department of Otolaryngology (D-48) 

P. O. Box 016960 
Miami, FL 33101 


Please write and send CV and all pertinent informa- 
tion to: J. R. Chandler, MD, Professor end Chair- 
man. 


Equal Opportunity Employer 


DEPARTMENT OF 
OTORHINOLARYNGOLOGY 


New York Hospital- 
Cornell University Medical Center 


is expanding its program and actively seeks 
FULLTIME FACULTY 
in 
OTONEUROLOGY 


PEDIATRIC OTOLARYNGOLCGY 
RHINOLOGY 


Applicants must be Board certified in otolar- 
yngology with additional training or experi- 
ence in their subspecialty. Academic rank and 
salary dependent upon qualifications. 


Candidates send curriculum vitae to: Robert 
W. Selfe, MD, Professor and Chairman, De- 
partment of Otorhinolaryngology, New York 
Hospital-Cornell University Medical Center, 
525 E. 68th St., New York, NY 10021. 


NYH-CUMC is an Affirmative Act on 
Equal Opportunity Employer 





TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 


Malcolm D. Graham, MD, Course Director 


June 14-18, 1982; Sept. 20-24, 1982; 
Nov. 8-12, 1982; Jan. 10-14, 1983; 
March 14-18, 1983; May 9-13, 1983; 
June 13-17, 1983; Sept. 26-30, 1983 


Intensive one-week courses emphasize the surgical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otologic 
surgeon, utilizing lectures, videotape presentations 
of surgical techniques and temporal bone dissection. 


Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experience in 
both temporal bone anatomy and surgical tech- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, blending basic 
science and clinical otologic instruction. Dissection 
instruments will be provided. 


FEE — $1000 


50 Hours Category I CME Credits 


For further information contact: Malcolm D. 
Graham, MD, Dept. of Otorhinolaryngology, 
University of Michigan Medical Center, Ann Arbor, 
MI 48109, (313) 764-4131 or (313) 764-8110. A45 


FIRST INTERNATIONAL SYMPOSIUM AND WORKSHOPS 
ON SURGERY OF THE INNER EAR 


at Jnowmas-Aypen, Color ado, USA. 
August 14-21 198 


MAJOR TOPICS: 


ENDOLYMPHATIC HYDROPS, VERTIGO, COCHLEAR IMPLANTS, 
PERILYMPH FISTULA AND SUDDEN DEAFNESS 


HONORING: 


PROF. DR.GEORGES PORTMANN, 


GEORGE E. SHAMBAUGH, JR., M.D, 


Hinsdale, Illinois 
WILLIAM F HOUSE, M.D. 
Los Angeles, California 


PROGRAM CHAIRMEN: 
I. Kautman Arenberg, M.D., Denver, Colorado 
Thomas J. Baikany, M.D., Denver, Colorado 


SPECIAL SOCIAL EVENTS: 


Welcome Wine and Cheese Party 
Art Gallery Tour with Reception 
Prosper Meniere Society Banquet 
Tennis Tournament 

Golf Tournament 

Breakfast Horseback Ride 


RECREATIONAL EVENTS: 


White River Raft Trip 

Ashcroft Ghost Town Trip 

Mountain Jeep Trip 

Hot Air Balloon Ride 

Horseback aoa lait Hiking 
Nature Tra 

Glider- Para E PERE Gliding 


CULTURAL EVENTS: 
Aspen Music Festival 
Ballet West 

Pligrim Reperatory Theater 


FEATURED SPEAKERS: 


George W. Allen, M.D., Crvcag 

L Kaufman Arenberg, M.D, Decve 
Thomas J. Balkany, M.D., Denve 

Poul Bertlau, M.D., DENMARK 

Prof. Dr. Kurt Burian, AUSTRIA 

Prot. Dr. Ugo Fisch, SWITZERLAN 
W.P.R. Gibson, M.D., FRCS, ENGLAN 
Michael Glasscock, Ili, M.D., Nasnhvie 
Victor Goodhill, M.D., Beverty Hors 
Howard P. House, M.D. Los Angeie 
William F. House, M.D., Los Angeles 
Sam E. Kinney, M.D., Clevelang 

H. E. Maddox, Ii, M.D., 

Michael M. Merzenich, PhD., 

William M. Meyerhoti, M.D.. 

Robin P. Michaelson, M.D., San Francis 
Josef M. Miller, PhD., Seartic 

Andrew W. Morrison, FRCS, ENGLA 
Michael M. Paparella, M.D., Minneapolis 
J. Donald Pauley, PhO., 

Rodney Perkins, M.D.. 

Harold C. T ii, M.D., 

Prot. Dr. D. Plester, WEST GER 

Prot. Or. M. Portmann, SE 

Prol. Dr. Georges Portmann, FRANC 
Helge Rask-Anderson, M.D., 

Robert Schindler, M.D., sce 
George E. Shambaugh, Jr. M.D., e 
F. Biair Simmons, M.D., 

Prol. Dr. Jan Stahle, SWEDEN 

Richard J. Wiet, M.D., Hinsdale 

J. William Wright, Jr.. M.D., incmanapos 
Galdino E. Vaivassori, M.D., Chicago 


Aspen Literary Foundation Lecture Seri 
Mipan, Conter for Vieusl Arts FOR FURTHER INFORMATION WRITE 


Anderson Ranch Arts Center Gladys Duran 
Colorado Otologic Research Center 
Porter Memorial Hospital/Swedish Medical Center 
2525 South Downing Street 


Denver, Colorado 80210, U.S.A CORC 


Sponsored by the Colorado Otologic rosg Center - CC "at 
Memorial / Swedish Hospital Denver, Colorado 80210 
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New-For 
Allergic Rhinitis 


Dramatic topically applied steroid 
control of allergic rhinitis without 
adverse systemic steroid effects 








Nasal symptom score from a pooled 
seasonal rhinitis dose-response 
study of 114 patients treated with beclo- 


Direct application to inflamed 
mucosa with no evidence of 
adrenal insufficiency 





In clinical studies, using VANCENASE™ methasone dipropionate 
Nasal Inhaler (beclomethasone dipropio- (VANCENASE Nasal Inhaler )' 
nate, USP) intranasally, there was no evi- 


dence of adrenal insufficiency. ' Severe |. Nasal symptom score 


High success rate in control 

of symptoms 

Clinical trial data demonstrated the effi- 
cacy and safety of VANCENASE Nasal 
Inhaler in the treatment of allergic rhi- 
nitis.’ In one four-week study, approxi- 
mately 82 percent (94 of 114) of hay fever 
patients showed significant improvement 
in their symptom scores. ' 


Reduces need for antihistamines 
and nasal decongestants 





VANCENASE Nasal Inhaler was found to Et] 
be effective in reducing the need for — E ENPE 
ancillary treatment, namely antihistamine 
tablets and nasal vasoconstrictor drops. ' fiiia 
Sneezing 
Nasal itchiness 
a 
Day1 Day4 Day7 Dayi0 Day14 
Pre-Rx 
Key: Average for subject and day noted at 
entry Day 1 and the four treatment periods 
Day 4 to Day 14 (every 3 days). 
“When usèd as directed Earr nner aa 
Copyright © 1981, Schering Corporation. All Rights Reserved. The study group was divided equally among the four dosages 
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Minimum steroid dosage for maximal 
control of allergic rhinitis symptoms 





Metered-dose aerosol unit Safe, well-tolerated day-to-day 
delivers exact minimal doses treatment 

VANCENASE™ (beclomethasone When used as recommended, 
dipropionate, USP) Nasal Inhaler VANCENASE Nasal Inhaler was well 
delivers minimal quantities of drug for tolerated with no evidence of adrenal 
a maximal effect. In no way can insufficiency. Moreover, there was 
amounts greater than the recom- rarely evidence of nose and throat 
mended dose be administered when candidiasis or adverse effects." 
directions are followed. 





1. Source: Files of Headquarters Medical Research Division, 
Schering Corporation. 


VANCENASE Nasal Inhaler benefits demonstrated in a case history 


PATIENT: Male, 19 years of age, long history of allergic rhinitis with seasonal 
exacerbations. 


SYMPTOMS: Stuffy nose, itchy throat, sneezing. 
ALLERGIES: Marked reactions to intradermal skin tests for grasses, trees, dust, and animal dander. 


PRIOR TREATMENT: Immunotherapy and antihistamines, which produced minimal improvement 
over the years. 


Case history and photographs courtesy of John T. Connell, M.D., Englewood, New Jersey. 





Left nostril before VANCENASE Left nostril after using VANCENASE Left nostril after using VANCENASE 
Nasal Inhaler treatment Nasal Inhaler 3 weeks Nasal Inhaler 8 weeks 

Marked swelling of turbinate with Less swelling of turbinate; moderate Further reduction of turbinate size 

partially obstructed airway; moder- amount of thin secretions; mucosa with improvement in nasal < 
ate amount of thin and thickened lighter in color. patency; minimal secretion; pink 
secretions; red mucosa. (normal) mucosa. | 
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Dramatic topically applied steroid control of allergic rhinitis with no adverse > 


systemic steroid effects 


For Nasal Inhalation Only 


DESCRIPTION Beclomethasone dipropionate, USP, the active component of VANCENASE 
Nasal Inhaler, is an anti-inflammatory steroid having the chemical name, 9-Chloro-118,17,21- 
trinydroxy-168-methylpregna-1,4-diene-3,20-dione 17,21-dipropiona‘e, and the following 
formula: 


CH,OCOCH, 





Beclomethasone dipropionate is a white to creamy-white, odorless powder with a molecular 
weight of 521.25. It is very slightly soluble in water; very soluble in chloroform; and freely soluble 
in acetone and in alcohol. 

VANCENASE Nasal Inhaler is a metered-dose aerosol unit containing a micscrystalline 
suspension of beclomethasone dipropionate-trichloromonofluoromethare clathrate in a mixture 
of propellants (trichloromonofluoromethane and dichlorodifluoromethan2) with oleic acid. Each 
canister contains beclomethasone dipropionate-trichloromonofluorometaane clathrate having a 
molecular proportion of beclomethasone dipropionate to trichloromono’luoromethane between 
3:1 and 3:2. Each actuation delivers from the nasal adapter a quantity cf clathrate equivalent to 
42 mcg of beclomethasone dipropionate, USP. The contents of one canister provide at least 200 
metered doses. 


CLINICAL PHARMACOLOGY Beclomethasone 17,21-dipropionate is a diester of be- 
clomethasone, a synthetic corticosteroid which is chemically related to dexamethasone. Be- 
clomethasone differs from dexamethasone only in having a chlorine at the 9-a position in place 
of a fluorine. Animal studies showed that beclomethasone dipropionate has potent glucocorticoid 
and weak mineralocorticoid activity. The mechanisms for the anti-inflammatory action of be- 
clomethasone dipropionate are unknown. The precise mechanism of the aerosolized drug's 
action in the nose is also unknown. Biopsies of nasal mucosa obtained during clinical studies 
showed no histopathologic changes when beclomethasone dipropionate was administered 
intranasally. 

The effects of beclomethasone dipropionate on hypothalamic-pituitary-adrenal (HPA) function 
have been evaluated in adult volunteers by other routes of administraticn. Studies are currently 
being undertaken with beclomethasone dipropionate by the intranasal rcute, which may demon- 
strate that there is more or that there is less absorption by this route of acministration. There was 
no suppression of early morning plasma cortisol concentrations when beclomethasone dipropio- 
nate was administered in a dose of 1000 mcg/day for one month as an oral aerosol or for three 
days by intramuscular injection. However, partial suppression of plasma cortisol concentration 
was observed when beclomethasone dipropionate was administered in doses of 2000 mcg/day 
either by oral aerosol or intramuscularly. Immediate suppression of plasma cortisol con- 
centrations was observed after single doses of 4000 mcg of beclomethasone dipropionate. 
Suppression of HPA function (reduction of early morning plasma cortisol levels) has been re- 
ported in adult patients who received 1600 mcg daily doses of oral beclomethasone dipropionate 
for one month. In clinical studies using beclomethasone dipropionate intranasally, there was no 
evidence of adrenal insufficiency. 

Beclomethasone dipropionate is sparingly soluble. When given by nasal inhalation in the form 
of an aerosolized suspension, the drug is deposited primarily in the nasa! passages. A portion of 
the drug is swallowed. Absorption occurs rapidly from all respiratory and gastrointestinal tissues. 
There is no evidence of tissue storage of beclomethasone dipropionate or its metabolites. /n vitro 
studies have shown that tissue other than the liver (lung slices) can rapidly metabolize be- 
clomethasone dipropionate to beclomethasone 17-monopropionate aad more slowly to free 
beclomethasone (which has very weak anti-inflammatory activity). However, irrespective of the 
route of entry the principal route of excretion of the drug and its metabolites is the feces. In 
humans, 12% to 15% of an orally administered dose of beclomethasone dipropionate is excreted 
in the urine as both conjugated and free metabolites of the drug. The hal’-life of beclomethasone 
dipropionate in humans is approximately 15 hours. 

Studies have shown that the degree of binding to plasma proteins is 87%. 


INDICATIONS AND USAGE VANCENASE Nasal Inhaler is indicated fer the relief of the symp- 
toms of seasonal or perennial rhinitis in those cases poorly responsive to conventional treatment. 

Clinical studies have shown that improvement is usually apparent within a few days. However, 
symptomatic relief may not occur in some patients for as long as two weeks. Although systemic 
effects are minimal at recommended doses, VANCENASE should not be continued beyond three 
weeks in the absence of significant symptomatic improvement. VANCENASE should not be 
used in the presence of untreated localized infection involving the nasal mucosa. 


CONTRAINDICATIONS Hypersensitivity to any of the ingredients cf this preparation con- 
traindicates its use. 


WARNINGS The replacement of a systemic corticosteroid with VANCENASE Nasal Inhaler 
can be accompanied by signs of adrenal insufficiency. 

When transferred to VANCENASE Nasal Inhaler, careful attention must be given to patients 
previously treated for prolonged periods with systemic corticosteroids. This is particularly impor- 
tant in those patients who have associated asthma or other clinical cond tions, where too rapid a 
decrease in systemic corticosteroids may cause a severe exacerbation of their symptoms. 

Studies have shown that the combined administration of alternate day prednisone systemic 
treatment and orally inhaled beclomethasone increased the likelihood of HPA suppression com- 
pared to a therapeutic dose of either one alone. Therefore, VANCENASE treatment should be 
used with caution in patients already on alternate day prednisone regimens for any disease. 


PRECAUTIONS General: During withdrawal from oral steroids, some patients may experi- 
ence symptoms of withdrawal, e.g., joint and/or muscular pain, lassituce, and depression. 

In clinical studies with beclomethasone dipropionate administered irtranasally, the develop- 
ment of localized infections of the nose and pharynx with Candida albicans has occurred only 
rarely. When such an infection develops, it may require treatment with appropriate local therapy 
or discontinuance of treatment with VANCENASE Nasal Inhaler. 


Beclomethasone dipropionate is absorbed into the circulation. Use of excessive doses œ 
VANCENASE Nasal Inhaler may suppress HPA function. 

VANCENASE should be used with caution, if at all, in patients with active or quiescen 
tuberculous infections of the respiratory tract, or in untreated fungal, bacterial, systemic vira 
infections, or ocular herpes simplex. 

Because of the inhibitory effect of corticosteroids on wound healing, patients who have experi 
enced recent nasal septal ulcers, nasal surgery, or trauma should not use a nasal corticosteroic 
until healing has occurred. 

Although systemic effects have been minimal with recommended doses, this potential in 
creases with excessive doses. Therefore, larger than recommended doses should be avoided# 


Information for Patients: Patients should use VANCENASE Nasal Inhaler at regular intervals 
since its effectiveness depends on its regular use. The patient should take the medication ag 
directed. It is not acutely effective and the prescribed dosage should not be increased. Instead 
nasal vasoconstrictors or oral antihistamines may be needed until the effects of VANCENASE 
Nasal Inhaler are fully manifested. One to two weeks may pass before full relief is obtained. The 
patient should contact the doctor if symptoms do not improve, or if the condition worsens, or. ï 
sneezing or nasal irritation occurs. For the proper use of this unit and to attain maxim 
improvement, the patient should read and follow the accompanying PATIENT'S INSTRU 
TIONS carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Treatment of rats for a total of 95 
weeks, 13 weeks by inhalation and 82 weeks by the oral route, resulted in no evidence o 
carcinogenic activity. Mutagenic studies have not been performed. 

Impairment of fertility, as evidenced by inhibition of the estrus cycle in dogs, was observec 
following treatment by the oral route. No inhibition of the estrus cycle in dogs was seen followine 
treatment with beclomethasone dipropionate by the inhalation route. 


Pregnancy Category C: Like other corticoids, parenteral (subcutaneous) beclomethasone 
dipropionate has been shown to be teratogenic and embryocidal in the mouse and rabbit whei 

iven in doses approximately ten times the human dose. In these studies beclomethasone was 
ound to produce fetal resorption, cleft palate, agnathia, microstomia, absence of tongue, de 
layed ossification, and agenesis of the thymus. No teratogenic or embryocidal effects have beer 
seen in the rat when beclomethasone dipropionate was administered by inhalation at ten time 
the human dose or orally at 1000 times the human dose. There are no adequate and wel 
controlled studies in pregnant women. Beclomethasone dipropionate should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 


Nonteratogenic Effects: Hypoadrenalism may occur in infants born of mothers receiving 
corticosteroids during pregnancy. Such infants should be carefully observed. 


Nursing Mothers: Itis not known whether beclomethasone dipropionate is excreted in humar 
milk. Because other corticosteroids are excreted in human milk, caution should be exercisec 
when VANCENASE Nasal Inhaler is administered to nursing women. 


Pediatric Use: Safety and effectiveness in children below the age of 12 years have not beer 
established. 


ADVERSE REACTIONS In general, side effects in clinical studies have been primarily asso“ 
ated with the nasal mucous membranes. Adverse reactions reported in controlled clinical i 
and long-term open studies in patients treated with VANCENASE are described below. , 

Sensations of irritation and burning in the nose (11 per 100 patients) following the use c 
VANCENASE Nasal Inhaler have been reported. Also, occasional sneezing attacks (10 per 106 
patients) have occurred immediately following the use of the intranasal inhaler. 

Localized infections of the nose and pharynx with Candida albicans have occurred rarely 
(See PRECAUTIONS.) 

Less than 2 per 100 patients reported transient episodes of bloody discharge from the nose 

Ulceration of the nasal mucosa has been reported rarely. Systemic corticosteroid side effects 
were not reported during the controlled clinical trials. If recommended doses are exceeded 
however, or if individuals are particularly sensitive, symptoms of hypercorticism, i.e., Cushing’ 
syndrome could occur. 


DOSAGE AND ADMINISTRATION Adults and Children 12 years of age and over: the usua 
rire 2 is one inhalation (42 mcg) in each nostril two to four times a day (total dose 168-336 mcq 
day). Patients can often be maintained on a maximum dose of one inhalation in each nostril three 
times a day (252 mcq/day). 

In patients who respond to VANCENASE Nasal Inhaler, an improvement of the symptoms o 
seasonal or perennial rhinitis usually becomes apparent within a few days after the start o 
VANCENASE Nasal Inhaler therapy. 

The therapeutic effects of corticosteroids, unlike those of decongestants are not immediate: 
This should be explained to the patient in advance in order to ensure cooperation and com 
tinuation of treatment with the prescribed dosage regimen. 

VANCENASE Nasal Inhaler is not recommended for children below 12 years of age. 

In the presence of excessive nasal mucus secretion or edema of the nasal mucosa, the druc 
may fail to reach the site of intended action. In such cases it is advisable to use a nasa 
vasoconstrictor during the first two to three days of VANCENASE Nasal Inhaler therapy. 


Directions for Use: Illustrated PATIENT INSTRUCTIONS for proper use accompany eact 
package of VANCENASE Nasal Inhaler. 


CONTENTS UNDER PRESSURE. Do not puncture. Do not use or store near heat or oper 
flame. Exposure to temperatures above 120°F may cause bursting. Never throw container intc 
fire or incinerator. Keep out of reach of children. 


OVERDOSAGE When used at excessive doses, systemic corticosteroid effects such as hyper 
corticism and adrenal suppression may appear. If such symptoms appear, the dosage should be 
decreased. 

The oral LDso of beclomethasone dipropionate is greater than 1 g/kg in rodents. One caniste 
of VANCENASE Nasal Inhaler contains 8.4 mg of beclomethasone dipropionate, therefore acute 
overdosage is unlikely. 


HOW SUPPLIED VANCENASE Nasal Inhaler, 16.8 g canister; box of one. Supplied with nas 
adapter and PATIENTS INSTRUCTIONS; (NDC 0085-0041-04). 


Store between 2° and 30°C (36° and 86°F). 


Schering Corporation Aa 
Kenilworth, NJ 07033 


Revised 9/81 Copyright © 1981, Schering Corporation. All Rights Reserved. 1238062" 
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Modern Equipment for the Changing 
Frontiers of Otolaryngology by DMI 





“Surround yourself with equipment that will give more capability for 
performing today’s in-office surgical and examination procedures.” 
Tri-Power Contour Surgery Table designad for doctor/patient comfort. 
Standard features: finger tip controls, tri-foct control, chair mounted light 
and IV holder, adjustable mayo tray assembly, monitor tray, assembly 
accessory bracket for auxiliary electro-surcery and/or aspiration. 


DMI 222A1B Dual Power 
\ Examination/Treatment Chair 
DMI 230A1B Quéd Power nani 
(i 






Surgery Table 





2601 SOUTH 2700 WEST 
SALT LAKE CITY. UTAH 84119 
CALL TOLL FREE 1-800-453-8474 


SIXTH BRITISH ACADEMIC CONFERENCE 
IN OTORHINOLARYNGOLOGY 


at 
University of Bristol (United Kingdom) 
July 25-29, 1983 


Distinguished international contributors will assess modern developments at formal lectures and 
panel discussions which include: 


1. Iatrogenic problems in otology, ototoxic drugs, and surgical trauma. 
2. Larynx — reconstructive techniques following laryngectomy. 
3. Otological and laryngological quiz. 
4. Sequelae of otitis media. Significance of pneumatization. Quiet labyrinthine complications. Ad- 
hesive otitis media. Tympanosclerosis. 
. Controversies in otology. Bell’s palsy. Footplate and stapedectomy. Cochlear otoscler- 
osis. Meniere’s disease. Combined approach tympanoplasty. 
. Controversies in rhinolaryngology. Floor of mouth tumors. Angiofibroma. Conserva- 
tive vs radical neck dissection. Sentoplasty vs SMR. 
. Epistaxis. 
Daily instruction sessions in small seminar groups, also led by international contributors, with 
wide-ranging discussion on all aspects of otolaryngology. 


Daily audiovisual programs. 
Scientific and trade exhibitions. 
Full social program arranged. 


Enrollment fee — members: £170. 


Those interested should apply to: John Schofield, Esq., FRCS, Warneford Hospital, Radford Road, Leamington Spa, War- 
wickshire, England CV31 ILU Alll 


HARVARD MEDICAL SCHOOL 


Department of Continuing Education 


announces course 


CLINICAL OTOLOGY 
June 23-25, 1982 


Massach wetts Eye and Ear Infirmary 
Chairman: Harold F. Schuknecht, MD 


This is a selected-topics course for otolaryngologists and will include in-depth discussions of diagnosis 
and treatment of fundamentals of otology, tympanomastoideccomy, episodic vertigo, and facial palsy. 
Clinical pathological conferences will be held each day and will consist of the presentation of interesting 
and challenging otologic patients recently seen at the Massachusetts Eye and Ear Infirmary. 


Course has Category I accreditation for 18 hours toward the AMA Physician’s Recognition Award. 


Faculty will include the following individuals: Hugh Barber, MD, Derald Brackmann, MD, Werner 
Chasin, MD, Bernard Colman, MD, Bjorn Etholm, MD, Marvin Fried, MD, Ellen Friedman, MD, 
Richard Gacek, MD, Irwin Ginsberg, MD, Max Goodman, MD, Gerald Healy, MD, Tetsuo Ishii, MD, 
Collin Karmody, MD, James Kelly, MD. Alan Kerr, MD, Nelson Kiang, MD, Trevor McGill, MD, 
Pierre Montandon, MD, William Montgomery, MD, Rhoda Morrison, MA, Joseph Nadol, Jr., MD, 
Yasuya Nomura, MD, Jorge Otte Garcia, MD, Stephen Parker, MD, Carl Patterson, MD, Harold Schu- 
knecht, MD, Robert Scully, MD, Howard Smith, MD, Henriech Spoendlin, MD, Marshall Strome, 
MD, Aaron Thornton, PhD, Alfred Weber, MD, Alfred Weiss, MD and William Wilson, MD. 


Application forms may be acquired from: The Department of Continuing Education, Harvard Medical School, 
25 Shattuck Street, Boston, MA 02115. A112 





® An estimated 22 million 
2 r 
H Aid Americans suffer from 
Caring communicative problems. 
of the S0’s ® Communicative disorders 
constitute the nation’s number 





one handicapping disability. 






® Studies indicate that more 
people suffer from hearing and 
S speech impairments than from 
SSSs heart disease, venereal disease, 
SS paralysis, epilepsy, blindness, 
cerebral palsy, tuberculosis, 
MG N muscular dystrophy and multiple 
CK Ar N sclerosis COMBINED. 


® Hearing and speech problems 
effect 1 out of every 10 
Americans or 10% of the 
population. 


ANN 
EE: 


e Most people with communicative 
disorders could be helped 
medically, surgically, through 
rehabilitative treatment, or with 
hearing aids. 
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e Education, information, 
awareness, and sensitivity will 
improve the quality of life 
for sO many. 


m 


2 i, Y f | © For further information in 

z 2 relation to hearing, hearing loss, 
professional and/or patient 
education materials, including 


hearing aids, contact 


Starkey ... The world’s largest 
manufacturer of Custom 
In-The-Ear Hearing Aids. 


tI, Starkey Laboratories © 6700 Washington Ave. So. @ Eden Prairie, MN 55344 
aimee Starkey Canada, Starkey U.K., Starkey France, Starkey Germany (Willco) 
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ACTIFED WORKS WHETHER IT’S 
A HUNDRED MILES UP.. 
OR JUST AROUND THE CORNER. 


New clinical studies confirm effectiveness! 


In two recent double-blind, placebo-controlled studies'* of 339 patients, the decongestant/ 
antihistamine combination of Actifed was shown to be clinically more effective in relieving seasonal and 
perennial allergic rhinitis symptoms than either of its ingredients administered alone or against a placebo. 
Effectiveness was determined by showing nasal blockage relief and reduced aggregate symptom 
complex using both objective and subjective measurements. What's more, the combination 
demonstrated a relatively low incidence of adverse reactions. 

These latest studies, plus the more than 4,000,000,000 (billion) tablets prescribed on Earth and the 57 
tablets taken in space by our astronauts,’ help support the claim that Actifed provides prompt, effective 
relief of nasal congestion. For these two very good reasons, Actifed has been in the NASA Space 
Medicine Kit since 1968 and is part of the shuttle flights. 


For symptomatic relief of seasonal and perennial allergic rhinitis 


ACTIFED Tablets/Syrup 


Each scored tablet contains ACTIDIL® (triprolidine HCl) 2.5 mg and SCDAFED" (pseudoephedrine HC1) 60 mg. 
Each 5 ml teaspoonful of syrup contains ACTIDIL! 1.25 mg and SUDAFED® 30 mg. 


=~. You can count on it. 
=A Clinical studies 
à confirm it! 


w à References: 1. Data 01 file, Burroughs Wellcome Co. 2. Diamond L, et al: An evaluation 
-D A, oftriprolidine and pseudoephedrine in the treatment of allergic rhinitis. Ann Allergy 
A 47:87-91, Aug 19€1. 3. Johnston RS, Dietlein LF, Berry CA (eds): Biomedical 

: Results of Apollo. Washingtor, DC, NASA, 1975, p 63. 
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ACTIFED® Tablets and Syrup 

DESCRIPTION: Each scored tablet contains triprolidine hydrochloride 
(Actidil” ) 2.5 mg and pseudoephedrine hydrochloride (Sudafed ) 6) mg. 
Each 5 ml teaspoonful of the syrup contains triprolidine hydrochloride 
1.25 mg and pseudoephedrine hydrochloride 30 mg. 


INDICATIONS AND USAGE: For the symptomatic treatment of seasonal 
and perennial allergic rhinitis. 


CONTRAINDICATIONS: Use in Newborn and Premature Infants: Actifed 
should not be used in newborn or premature infants. 


Use in Lower Respiratory Disease: Actifed is contraindicated for the 
treatment of lower respiratory symptoms including asthma. 


Actifed is also contraindicated in the following conditions: Hypersensitivity 
to: 1) triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine. 


Monoamine oxidase (MAO) inhibitor therapy (see Drug Interaction 
Section) 


WARNINGS: Actifed should be used with considerable caution in patients 
with: Increased intraocular pressure (narrow angle glaucoma); stenesing 
peptic ulcer; pyloroduodenal obstruction; symptomatic prostatic 
hypertrophy; bladder neck obstruction; hypertension; diabetes mellitus; 
ischemic heart disease and hyperthyroidism. 


Use in the Elderly (approximately 60 years or older): Antihistamines 
are more likely to cause dizziness, sedation and hypotension in elderly 
patients. This age group is also more likely to have adverse reactions 
to sympathomimetics. 


PRECAUTIONS: 


General: Actifed should be used with caution in patients with a histary of 
bronchial asthma. 


Information to Patients: Patients should be cautious about engaging in 
activities requiring mental alertness such as driving a car or operating 
appliances, machinery, etc. Triprolidine has additive effects with alcehol 
and other CNS depressants (hypnotics, sedatives, tranquilizers, etc.). 


Drug Interactions: MAO inhibitors prolong and intensify the anti- 
cholinergic (drying) effects of antihistamines and overall effects of 
sympathomimetics. 


Triprolidine has additive effects with alcohol and other Central Nerveus 
System (CNS) depressants (hypnotics, sedatives, tranquilizers, etc.) 


Sympathomimetics may reduce the antihypertensive effects of 
methyldopa, guanethidine, reserpine, decamylamine and veratrum 
alkaloids. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Long term 
studies in animals have not been performed to evaluate 
carcinogenic potential of the active ingredients of Actifed. 


Pregnancy: Teratogenic Effects: Pregnancy Category B. Reproduction 
studies consisting of teratology studies have been performed in rats and 
rabbits at doses up to 70 times the human dose and have revealed no 
evidence of impaired fertility or harm to the fetus due to the combiration 
of triprolidine and pseudoephedrine. There are, however, no adequate and 
well-controlled studies in pregnant women. Because animal reprodaction 
studies are not always predictive of human response this drug should be 
used during pregnancy only if clearly needed. 


Nursing Mothers: Because of the higher risk of antihistamine and 
sympathomimetic amines for infants generally and for newborn and 
premature infants in particular, therapy with Actifed is contra- 
indicated in nursing mothers. 


Pediatric Use: See “CONTRAINDICATIONS’ section. 


ADVERSE REACTIONS: The most frequent adverse reactions are 
underlined: 


LL) ee enn 


urticaria, drug rash, anaphylactic shock, photosensitivity, excessive 
perspiration, chills. 


Cardiovascular System: Hypotension, headache, palpitations, 
tachycardia, extrasystoles. 


Hematologic System: Hemolytic anemia, thrombocytopenia, 
agranulocytosis. 


Nervous System: Sedation, sleepiness, dizziness, disturbed coordination, 


fatigue, confusion, restlessness, excitation, nervousness, tremor, irmitability, 


insomnia, euphoria, paresthesia, blurred vision, diplopia, vertigo, tianitus, 
acute labyrinthitis, hysteria, neuritis, convulsions, CNS depression, 
hallucination. 


G.I. System: Epigastric distress, anorexia, nausea, vomiting, 
diarrhea, constipation. 





G.U. System: Urinary frequency, difficult urination, urinary retention, 
early merses. 


Respiratory System: Thickening of bronchial secretions, tightness of 
chest and wheezing. nasal stuffiness. 


OVERDOSACE: Since Actifed is comprised of two pharmacologically 
different components, it is difficult to predict how an overdose will be 
manifested in a given individual. Reaction to an overdose of Actifed Tablets 
may vary fromCNS depression to stimulation. Stimulation is particularly 
likely in cnildren. 


Adrenergic-resepter blocking agents are antidotes to pseudoephedrine. 
In practice, the mest useful is the beta-blocker propranolol, which is 
indicated when thee are signs of cardiac toxicity. There is no specific 
antidote to triproliG@ine. Histamine should not be given. 


Administration of activated charcoal will help reduce the absorption of 
triprolidine if civenewithin 1 hour of ingestion. If instituted within 

4 hours cf overdossge, therapy is initially aimed at reducing further 
absorptiomof the cugs. If vomiting has not occurred spontaneously the 
patient shoulc be imduced to vomit. This is best done by having him drink a 
glass of wateror rm k, then making him gag. Centrally acting emetics are 
likely to be less effective than usual in view of the anti-emetic action of 
antihistamines. Gastric aspiration and lavage may be carried out up to 

4 hours after inge= ion if large amounts of milk were given beforehand. 
Either isctoni« or half isotonic saline may be used for lavage. 


Saline cathart cs sach as Milk of Magnesia, by drawing water into the gut, 
help to dilute the concentration of the drug in the bowel and hasten its 
elimination. 


In severe case of »verdosage it is essential to monitor both the heart 
(by electrocardiogsaph) and plasma electrolytes and to give intravenous 
potassiumas ndicsted by these continuous controls. Vasopressors may 
be used to treat hypotension, and excessive CNS stimulation may be 
counteracted with =arenteral diazepam. Stimulants should not be used. 


DOSAGE AND ADMINISTRATION: DOSAGE SHOULD BE 
INDIVIDUALIZED ACCORDING TO THE NEEDS AND THE RESPONSE 


OF THE PATIENT. 

Tablets Syrup 

teaspoonfuls (5 ml) 
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Usual Dose: 









Adults and childten 12 
years anc older 


Children 6 t lyears 
Children 4 © 6 y=ars 
Children 2 4 yars 


Children 4 mons to 
2 years 








times 


3-4 
a 
ay 





HOW SUPPLED: 
Actifed* Tablets — Bottles of 100 and 1000: unit dose pack of 100. 
Actifed" Syru> — 3ottles of 1 pint and 1 gallon. 


Unit of Use: 
Tablets — Boctles-of 30 and 90 with child-resistant cap. 
Syrup — 4 0z bottle with child-resistant cap. 


IN THE NASA SPACE 
MEDICINE KIT SINCE 1968. 
Now part of the 

Space Shuttle Era. 


ACTIFED Tablets/Syrup 


Each scored table contains ACTIDIL™ (triprolidine HCl) 2.5 mg and 
SUDAFED" pseudoephedrine HCl) 60 mg. Each 5 ml teaspoonful of 
syrup contairs ACTIDIL" 1.25 mg and SUDAFED® 30 mg. 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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scopolamine 


pe Transdermal Therapeutic 
-System for motion 
~ sickness 


Backing layer 
Drug reservoir 


Microporous rate-controlling 
membrane 


Adhesive formulation 
Skin surface 


Blood vesse! 


Schematic drawing showing cross section of skin surface 
with Transderm-V in place and delivery of scopolamine to 
blood vessels. 
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A small flexible 
system of 
membranes wom 
behind the ear 


Scopolamine: highly effective | EK Vf 
Scopolamine has long been 
known as an effective agent forme 
prevention of motion sickness. 
Butscopolamine in conventiona 
dosage forms causes well-known 
side effects. Scopolamine in 
Transderm usually does not. Tne 
_most frequent side effect reportad 
“with Transderm-V is dry mouth, 
== occurring in two out of three people. 
= A less frequent side effect is draws: 
~~ iness,occurring in one out of six 
7 people. i E ua 
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Three- -day pon 3 
`The unique delivery system of fi $ 
Transderm-Y is programmed tot 

lease just 0.5 mg of scopolam Ne 
over a pericd of three days — 
enough to give protection ac 
motion sickness. Usually wi 
drowsiness- f a cee ae $: 
Incidence of nausea 
reduced 75% Pot 
How effective is Transdern 
Studies at sea be ) 
Transderm-V redu = 


spot in the sem f 
eral hours — a C 


No highs or lo 
concentrat o! 
Because transde 
tion eliminates th th 


tion, the undesia ib 
effects associate 
levels are usually a 
effective therapeutic ¢ 
achieved and maint 
hours. ; 


T O 


Transderm-V 


scopolamine 


Transdermal 
Therapeutic System 


Reference 

1. Price N, Schmitt LG, Shaw JE, Trobough 
T, McGuire J. Transdermal delivery of 
scopolamine for prevention of motion- 
induced nausea at sea. Data on file, ALZA 
Corporation, California. 





Transderm ™-V 
(scopolamine) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg 
scopolamine over 3 days 


Description Transderm “-V scopolamine system is 
a circular flat unit designed for continuous release of 
scopolamine following application to an area of in- 
tact skin on the head, behind the ear. Clinical evalu- 
ation has demonstrated that the system provides 
effective antiemetic and antinauseant actions when 
tested against motion-sickness stimuli in adults. 


The Transderm ™ -V system is a 0.2 mm thick film. 
with four layers. Proceeding from the visible sur- 
face towards the surface attached to the skin. 
these layers are: 1) a backing layer of aluminized 
polyester film: 2) a drug reservoir of scopolamine, 
mineral oil, and polyisobutylene: 3) a microporous 
polypropylene membrane that controls the rate of 
delivery of scopolamine from the system to the skin 
surface: anc 4) an adhesive formulation of mineral 
oil. polyisobutylene, and scopolamine. Prior to use. 
a protective peel strip of siliconized polyester which 
covers layer 4 is removed. 


The mineral oil (12.4 mg) and polyisobutylene 
(11.4 mg) inactive components are not released 
from the system. 


Release-Rate Concept: Transderm ™ -V system. 
2.5 cmĉ in area. contains 1.5 mg scopolamine. The 
system is programmed to deliver 0.5 mg scopola- 
mine, at an approximately constant rate to the 
systemic circulation, over the 3-day lifetime of the 
system. An initial priming dose of scopolamine 
released from the adhesive layer of the system. 
saturates the skin binding sites for scopolamine 
and rapidly brings the plasma concentration to the 
required steady-state level. The continuous control- 
led release of scopolamine, that follows from the 
drug reservoir through the rate-controlling mem- 
brane, then maintains the plasma level constant. 


Clinical Pharmacology The formulation of the 
Transderm '*-V system contains as its sole active 
agent the drug scopolamine. a belladonna alkaloid 
with well-known pharmacological properties. The 
drug has a long history of oral and parenteral use 
for central anticholinergic activity, including pro- 
phylaxis of motion sickness. This formulation 
provides for a gradual release of scopolamine from 
an adhesive matrix of mineral oil and polyisobuty- 
lene applied to the postauricular skin. 


Clinical Results: The Transderm ™-V system 
provides antiemetic protection within several hours 
following application of the system behind the ear 
With the 195 adult subjects of different racial ori- 
gins who participated in clinical efficacy studies at 
sea or in acontrolled motion environment, there 
was a 75% reduction in the incidence of motion- 
induced nausea and vomiting. The Transderm ™ -V 


system provided significantly greater protection 
than that obtained with oral dimenhydrinate. 


Indications and Usage The Transderm ™-V sys- 
tem is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults 
The system should be applied only to skin in the 
postauricular area 


Contraindications Transderm -V system should 
not be used in patients with known hypersensitivity 
to scopolamine or any of the components of the 

adhesive matrix making up the therapeutic system 


Warnings Since drowsiness, disorientation and 
confusion may occur with the use of scopolamine. 
patients should be warned of the possibility and 
cautioned against engaging in activities that re- 
quire menta! alertness, such as driving a motor 
vehicle or operating dangerous machinery 


Potentially alarming idiosyncratic reactions may 
occur with ordinary therapeutic doses of 
scopolamine 


Usage in Children: Children are particularly sus- 
ceptible to the side effects of belladonna alkaloids. 
Transderm ~-V system should not be used in 
children because it is not known whether this 
system will release an amount of scopolamine that 
could produce serious adverse effects in children 


Precautions Scopolamine should be used with 
caution in patients with glaucoma. pyloric obstruc- 
tion, or urinary Bladder neck obstruction. Caution 
should be exercised when administering an anti- 
emetic or antimuscarinic drug to patients sus- 
pected of having intestinal obstruction 


Transderm ™ -V system should be used with special 
Caution in the elderly or in individuals with impaired 
metabolic, liver or kidney functions 


Pregnancy: Reproductive studies have been per- 
formed in rats and rabbits and have revealed no 
evidence of impaired fertility or harm to the fetus 
due to scopolamine administered, with plasma 
levels in excess of those attained by use of the 
Transderm -V system in humans. However, the 
Transderm *-V system should be used in pregnant 
women with motion sickness only when clearly 
needed. 


Nursing Mothers: It is not known whether scopol- 
amine is excreted in human milk. As a general rule, 
nursing should not be undertaken while a patient is 
on a drug since many drugs are excreted in human 
milk. 


Adverse Reactions The most frequent adverse 
reaction to the Transderm ™-V system is dryness of 
the mouth. This occurs in about two-thirds of the 
people. A less frequent adverse reaction is drowsi- 
ness, which occurs in less than one-sixth of the 
people. Transient impairment of eye accommoda- 
tion is also observed. The following adverse 
reactions have: also been reported on infrequent 


occasions during use of the Transderm'™-V system: 
disorientation, memory disturbances, restlessness., 
giddiness, hallucinations and confusion. 


Overdosage Overdosage with scopolamine may 
Cause disorientation. memory disturbances, rest- 
lessness, giddiness, hallucinations or confusion. 
Should these symptoms occur, the Transderm ™-V 
system should be immediately removed. Appropri- 
ate parasympathomimetic therapy should be ini- 
tiated if these symptoms are severe 


Dosage and Administration Adults: Initiation of 
Therapy: One Transderm ™ -V System, programmed 
to deliver 0.5 mg scopolamine over three days, 
should be applied to the postauricular skin several 
hours before the antiemetic effect is required 


Handling: The hands should be washed and dried 
thoroughly before applying the system on dry skin 
behind the ear. Upon removal of the system it 
should be discarded and the hands and application 
site washed thoroughly to prevent any traces of 
scopolamine from coming into direct contact with 
the eyes. A patient brochure is available 


Continuation of Therapy: Should a system become 
displaced, it should be removed and replaced with 


a second system on a fresh skin site in the postauricu- 


lar area. If therapy is required for longer than 72 
hours. the first system should be removed and a 
second system placed on a fresh skin site in the 
postauricular area 


Children: Children are particularly susceptible to 


the side effects of belladonna alkaloids. Transderm’-V 


system should not be used in children because it is 
not known whether this system will release an 
amount of scopolamine that could produce serious 
adverse effects in children. 


How Supplied Transderm'’-V systems are avall- 
able in 2-unit blister packs. 


Storage and Handling The system should be 
stored at room temperature. 


Caution Federal law prohibits dispensing without 
prescription 


Mfd. by ALZA Corp. 

Palo Alto. CA 94304 

Dist. by 

CIBA Pharm. Co. 

Div. of CIBA-GEIGY Corp 
Summit. NJ 07901 


71-4342-0-1 (3 81) 


659-2850-A 


C IBA 


THE DEPARTMENT OF OTOLARYNGOLOGY 
AND THE 
PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
OF THE MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce Postgraduate Courses 


RHINOPLASTY AND OTOPLASTY 


(Co-sponsored with The American Academy of 
Facial Plastic and Reconstructive Surgery, Inc.) 


June 13-17, 1982 


Sidney S. Feuerstein, MD, Course Director; S. 
James Baum, MD, Samuel M. Bloom, MD, Saul 
Hoffman, MD, William Lawson, MD, DDS, 
Frank E. Lucente, MD, Sigmund Sattenspiel, 
MD, and Guest Faculty: John Conley, MD, New 
York, Irvin Fine, MD. Perth Amboy, N.J., 
Charles Gross, MD, Memphis, Tenn., Frank 
Kramer, MD, Los Angeles, Mark Krugman, MD, 
Irvine, Cal., Lionello Ponti, MD, Rome, Robert 
Simons, MD, Miami, Richard C. Webster, MD, 
Melrose, Mass., Howard Smith, MD, DDS, New 
Haven, Conn. 


Fee: S600. 


Sunday through Thursday, 9 AM-6 PM 
(5 Sessions) 


This course covers the basic principles of 
rhinoplasty including reconstructive surgery of 
the nasal septum and otoplasty. Basic lectures on 
surgery of the nasal tip will be thoroughly 
reviewed and discussed. Laboratory dissection 
on fresh cadavers will be coordinated with the 
lectures in addition to daily live and taped tele- 
vised surgery. Anatomy, physiology, pathology, 
diagnosis, planning and evaluation in rhino- 
plasty will be thoroughly reviewed. Management 
of the nasal septum with and without rhinoplasty 
will be presented. Correction of nasal defor- 
mities including thorough discussion of compo- 
nent parts and their relation to every other part 
with special emphasis on the nasal tip and nos- 
trils, splinting, correction of accompanying chin 
deformities, use of grafts for restoration of con- 
tour, plastic surgery in children and psychiatric 
aspects will be reviewed. Management of nasal 


deformit_es associated with cleft palate and cleft 
lip will Fe presented. 


The technique and latest concepts developed 
in rhimo>lasty will be discussed and taught in- 
cluding she prevention and correction of rhino- 
plasty sequelae. The importance of surgical 
judgement, proper association of the aesthetic 
and physiological requirements and methods of 
improvisation will be stressed. 


Lectures on otoplasty will deal with etiology, 
pathology and surgery of deformities of the auri- 
cle secer dary to errors in shape, size and posi- 
tion. 


Cadaver dissection available for each student. 


FACIAL PLASTIC SURGERY 


(Co-spomsored with the American Academy of 
Facial Hastic and Reconstructive Surgery, Inc.) 


June 21-22, 1982 


Willicm Lawson, MD, DDS, Course Director: 
Jacob S$ Aronoff, MD, Sidney S. Feuerstein, 
MD, and Guest Faculty; John Conley, MD, New 
York, William H. Friedman, MD, St. Louis, 
Richard C. Webster, MD, Melrose, Mass. 


Fee: $300. 
Momdzy and Tuesday, 9 AM-6 PM (2 Sessions) 


This course will cover the facelift procedure. It 
will ine ude lectures on case selection, regional 
anatomy, operative technique, complications 
and resalts. Attention will also be given to an- 
cillary procedures for the aging face. Cadaver 
dissectim and surgical demonstrations will be 


utilized. 


As an organization accredited for continuing medical education, The Page and William Black Post-Graduate School of Medicine 
of the Mount Sinai School of Medicine (CUNY) certifies that these continuing medical education offerings meet the criteria. hour for 
hour, for Category I credit of the Physician’s Recognition Award of the American Medical Association. provided they are used and 
completed as designed. 


Apply to: Director, The Page and William Black Post-Graduate Schoo! cf Medicine, Mount Sinai School of Medicine, One 
Gustave L. Levy Place, New York, NY 10029. Telephone: (212) 650-6737. A115 
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Antihistamines. 

Antihistamines alone...or combined with 
decongestants...or cough suppressants...even 
expectorants (of all things! ). 

They're in liquids...capsules...tablets...beads 
Sprays. 

And for a lot of patients, they're all wrong. 

Because they over-dry mucous secretions. 
Antihistamines make them thick...viscous...slow- 
moving. And before you know it 2 simple condi- 
tion has become a complicated one. 

Rhinitis becomes painful sirusitis. A simple 
chest “cold” becomes bronchitis—or worse. 
Because those secretions are retained, not 
expelled. 

And that’s the way they stay until they show 
up in your office. Where there's a remedy. 

ENTEX® LA (phenylpropano!amine HCl, 

75 mg, and guaifenesin, 400 mg) 

All your patient really needed: an effective 
decongestant, and a therapeutic dose of a 
moisturizing expectorant to thin mucous secre- 
tions for easier drainage. All in a convenient 
b.i.d. tablet. 

No antihistamines to delay resolution of 
symptoms. 

No antihistamine drowsiness. 

No antihistamine dryness. 

Just decongestion—and drainage. Which is 
exactly what most of your patients need. 





YOUR ACROSS-THE-DESK 
ANSWER TO AN 
OVER-THE-COUNTER PROBLEM. 


Entex LA 


PHENYLPROPANOLAMINE HCI,75 MG 
GUAIFENESIN, 400 MG 


antihistamine-free 
decongestant... 


DESCRIPTION: 

Each blue, scored, long-acting tablet contains: 
Phenylpropanolamine hydrochloride 75mg 
Guaifenesin ni 400 mg 
in a special base to provide a prolonged therapeutic 
effect 

ACTIONS: Phenylpropanolamine hydrochloride is an 
effective vasoconstrictor that decongests swollen 
mucous membranes of the respiratory tract. The 
expectorant guaifenesin enhances the flow of respira- 
tory tract fluid, promotes ciliary action and facilitates 
removal of viscous, inspissated mucus. As a result, 
sinus, bronchial, and Eustachian tube drainage is 
improved, and dry, nonproductive coughs become 
more productive and less frequent 

INDICATIONS: ENTEX® LA is indicated in respiratory 
conditions such as sinusitis, pharyngitis, bronchitis, 
and asthma, when these conditions are complicated by 
tenacious mucus and/or mucous plugs and congestion. 
ENTEX LA is also indicated as adjunctive therapy in 
serous otitis media and mav be of value in avoiding 
secondary middle ear complications of nasopharyngeal 
congestion accompanying rhinitis. 
CONTRAINDICATIONS: ENTEX LA is contraindicated 
in individuals with known hypersensitivity to sympath- 
omimetics, severe hypertension, or in patients receiv 
ing MAO inhibitors 

USAGE IN PREGNANCY: Since the safety of 

ENTEX LA for use in pregnancy has not been estab- 
lished, potential benefits should be weighed against 
possible adverse effects. This product should not be 
used by nursing mothers 

PRECAUTIONS: DO NOT CRUSH OR CHEW 

ENTEX LA TABLETS BEFORE INGESTION. As with 
other sympathomimetic drugs, ENTEX LA should be 
used with caution in the presence of hypertension, 
hyperthyroidism, diabetes, heart disease, peripheral 
vascular disease, glaucoma, and prostatic hypertrophy 
ADVERSE REACTIONS: Possible adverse reactions 
include nervousness, insomnia, restlessness, or head- 
ache. These reactions seldom, if ever, require discon- 
tinuation of therapy. Urinary retention may occur in 
patients with prostatic hypertrophy. 

OVERDOSAGE: Since the effects of ENTEX LA may last 
up to 12 hours, treatment of overdosage directed 
toward supporting the patient and reversing the effects 
of the drug should be continued for at least that length 
of time. Saline cathartics may be useful in hastening 
the evacuation of unreleased medication 

DOSAGE: Adults and children over 12—one tablet 
twice daily (every 12 hours). Not recommended for 
children under 12 vears of age. Tablets may be broken 
in half for ease of administration without affecting 
release of medication but not crushed or chewed 
HOW SUPPLIED: NDC 0149-0436-01 bottles of 100 
tablets 

CAUTION: Federal law prohibits dispensing without 
prescription 


Norwich-Eaton Pharmaceuticals 


Norwich, New York 13815, Division of MortonNor wich 
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moisturizing expectorant 
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Electronic 
Aest nesi 






The Modern Method of Anesthetizirg 
the Tympanic Membrane in the 
Office or Clinic when 

Performing Myringotomy 
and Tube Insertion. 









COURTESY OF THE EAR FOUNDATION, SANTA BARBARA, CA 


Utilizing the principles of lontophoresis, the 

control unit diffuses ions from lidocaine and 
epinepherine into the tympanic membrane. 

The total anesthetizing procedure tekes less 
than ten minutes. 


è Eliminates the need for painful inj2ctions 
or the trauma of general anesthesia in the 
hospital 

e Provides patient safety and comfort 

Anesthesia lasts up to 1v2 hours. 

e Complete, easy to understand instructions 
provided with kit. 


Cat. #SB-20001 
lontophoretic Applicator Kit 


An Invitation: 


To the hundreds of Otolaryngologists and Otologists who are presently using Electronic 
Anesthesia— We welcome any thoughts questions, or ideas you may want to share with 
your colleagues. 

To those Otologic surgeons who believe that electronic anesthesia may be of value in their 
practices... 

Call or write Dick Ambrose, Santa Barba-a Medco, Inc. 805/964-0384. 


International Dealer Inquiries Invited 





Santa 
Barbara 
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NEW FISCH* MIDDLE EAR 
IMPLANTS FROM RICHARDS 


* Made for Dr. Ugo Fisch, Zunch, Switzerland 


Fisch 0.4mm Teflon’ 
& Wire Piston 


Use of this new version prosthesis in stapedotomy 
minimizes trauma to the inner ear, and permits 
adequate fenestration of the footplate—before re- 
moval of the stapes superstructure, in many cases. 
The calibrated hole is sealed by applying a few 
drops of clotting venous blood after introduction of 
the prosthesis. The procedure facilitates placement 
of the implant, while reducing the likelihood of 
later lateral displacement... and allows easy adap- 
tation of length of the prosthesis. Made of Teflon 
and Richards Certified Stainless Steel wire. 


*Registered trademark of the du Pont Company. 
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Fisch TORP'' 


This new nodification of the TORP implant offers 
the advartage of an L-shaped prosthesis. The 
smaller head and 0.8mm shaft allow better visibility 
while the surgeon is positioning the prosthesis. 
Length is &mm. Dr. Fisch reports an extrusion rate of 
less than cne percent, when the implant is covered 
by preserved septal cartilage and, is used in sec- 
ond stage procedures. The Fisch Plasti-Pore” 
TORP imp.ant has also exhibited great value when 
used in th= presence of the intact mobile stapes. 


+Total Ossicuar Replacement Prosthesis 


Ask your Richards representative about both Fisch 
middle ear prostheses. . . newest products from the 
world’s leeder in otological implants. 


® 
RICHARDS 


Memphis, Tennessee 38116, U.S.A. 
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brand of dexbrompheniramine maleate 6 mg. and pseudoephedrine sulfate 120 m@ 


Sustained-Action Tablets 
antihistamine/decongestant action 


opens the wa 
and delivers 
relief in uppe 
respirato 
congestio 


See Clinical Considerations section on opposite pag 
Copyright ©1980, Schering Corporation. All Rights Reserve 





Drixoral 


brand of dexbrompheniramine maleate 6 mg. 
and pseudoephedrine sulfate 120 mg. 


Sustained-Action Tablets opens 

the way...in nasal/sinus congestion 
and blocked eustachian tubes...in 
sneezing, runny nose, itchy eyes, and 
other allergic symptoms...for up to 

24 hours with convenient b.i.d. dosage 


Clinical Considerations: 


INDICATIONS DRIXORAL Sustained-Action Tablets are indicated for 
the relief of symptoms of upper respiratory mucosal congestion in sea- 
sonal and perennial nasal allergies, acute rhinitis, rhinosinusitis, and 
eustachian tube blockage. 


CONTRAINDICATIONS Hypersensitivity to dexbrompheniramine 
maleate or other antihistamines of similar chemical structure or to 

rr ula contraindicates the use of DRIXORAL Sustained-Action 
ablets. 

Antihistamines should not be used to treat lower respiratory tract symp- 
toms. Antihistamines are also contraindicated for use in conjunction with 
monoamine oxidase (MAO) inhibitor therapy. 

Pseudoephedrine sulfate is contraindicated in patients who have shown 
hypersensitivity or idiosyncrasy to adrenergic agents, which may be mani- 
fested by insomnia, dizziness, weakness, tremor, or arrhythmias. In 
patients with severe hypertension, severe coronary artery disease, hyper- 
thyroidism, and in those receiving MAO inhibitor therapy or within 10 days 
of stopping such treatment, sympathomimetic amines are contraindicated 


WARNINGS Dexbrompheniramine, as with all antihistamines, should 
be used with caution in patients with narrow angle glaucoma, stenosing 
peptic ulcer, pyloroduodenal obstruction, symptomatic prostatic hypertro- 
phy, and bladder neck obstruction. Overdosage of antihistamines may 
cause hallucinations, convulsions, or death, especially in infants and 
children. 

Products containing dexbrompheniramine maleate have additive effects 
with alcohol and other CNS depressants (hypnotics, sedatives, tranquil- 
izers, etc.). Patients should not engage in activities requiring mental alert- 
ness, such as driving a car or operating machinery. 

Antihistamines are more likely to cause dizziness, sedation, and hypo- 
tension in elderly patients (approximately 60 years or older). 

In patients with prostatic enlargements, pseudoephedrine may increase 
difficulty in micturition. In patients with narrow angle glaucoma, it may 
precipitate angle closure. It should also be used with caution and ata 
lower dosage in the elderly, who are more sensitive to the CNS stimulating 
effects of the drug which may result in confusion, delirium, hallucinations. 
and convulsions. The safe use of a short-acting sympathomimetic, particu- 
larly in the elderly patient, should be demonstrated before considering the 
use of a Sustained-action tablet. 


PRECAUTIONS General: Dexbrompheniramine maleate has an 
atropine-like action and therefore products containing it should be used 
with caution in patients with: a history of bronchial asthma: increased 
intraocular pressure; hyperthyroidism; cardiovascular disease; 
hypertension 

Pseudoephedrine should be used with caution in patients with hyper- 
tension, diabetes mellitus, ischemic heart disease, angina, or in patients 
receiving digitalis 

Use in Pregnancy: DRIXORAL Sustained-Action Tablets should not be 
administered in the first and second trimesters of pregnancy until safety of 
their use during this period is established. However, dexbrompheniramine 
maleate should not be used in the third trimester of pregnancy because 
newborn and premature infants may have severe reactions, such as con- 
vulsions, to antihistamines. 

Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Caution should be exercised when DRIXORAL Sustained- 
Action Tablets are administered to a nursing woman because: certain anti- 
histamines are known to be excreted in human milk; dexbrompheniramine 
maleate is contraindicated in newborn and premature infants; there is a 
report of irritability, excessive crying, and disturbed sleeping patterns in a 
nursing infant whose mother had taken a product containing dexbrom- 
pheniramine maleate and pseudoephedrine. 

Pediatric Use: Satety and effectiveness in children below the age of 12 
years have not been established. 


ADVERSE REACTIONS Dexbrompheniramine maleate 

Slight to moderate drowsiness is the mast frequent side effect of dex- 
brompheniramine maleate. Other possible side effects of antihistamines 
include: 

General: urticaria, drug rash, anaphylactic shock, photosensitivity, 
excessive perspiration, chills, dryness of mouth, nose, and throat. 

Cardiovascular System: headache, palpitations, tachycardia, extrasys- 
toles, hypotension. 

Hematologic System: hemolytic anemia, hypoplastic anemia, thrombo- 
cytopenia, agranulocytosis. 

Nervous System: sedation, dizziness, vertigo, tinnitus, acute labyrin- 
thitis, disturbed coordination, fatigue, confusion, restlessness, excitation, 
nervousness, tremor, irritability, insomnia, euphoria, paresthesias, blurred 
vision, hysteria, neuritis, convulsions. 

Gastrointestinal System: epigastric distress, anorexia, nausea, vomit- 
ing, diarrhea, constipation. 

Genitourinary System: urinary frequency, difficult urination, urinary 
retention, early menses. 

Respiratory System: thickening of bronchial secretions, tightness of 
chest, wheezing, nasal stuffiness. 

Pseudoephedrine sulfate 

Pseudoephedrine, like other sympathomimetic amines, may cause dis- 
turbing reactions, such as fear, anxiety, excessive perspiration, tenseness, 
restlessness, throbbing headache, tremor, weakness, dizziness, nausea, 
pallor, dysuria, respiratory difficulty, palpitations, tachycardia, and insom- 
nia. Hyperthyroid and hypertensive individuals are particularly susceptible 
to the untoward and pressor responses of pseudoephedrine, which may 
also induce angina, hypertension, and cardiac arrhythmias. Sympathomi- 
metics have also produced CNS depression and cardiovascular collapse 
with accompanying hypotension. In psychoneurotic individuals, existing 
symptoms are often markedly exaggerated by the drug. The elderly are par- 
ticularly sensitive to the CNS stimulating effects, and hallucinations and 
convulsions have occurred. Symptoms of unusual sensitivity to the effects 
of pseudoephedrine have been reported in an infant with phenylketonuria. 
11808131 MAY 1980 

For more complete details, consult package insert or 
Schering literature available from your Schering Representative 
or Professional Services Department, Schering Corporation, 
Kenilworth, New Jersey 07033. SLS-638 
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Still number 1 


Zeiss OpMi 1 


The Zeiss OpMi 1 was the first 
binocular stereo operating micro- 
scope. And it’s still the best seller 
year-in, year-out. More microsurgl- 
cal procedures have been devel- 
oped with it, and more surgeons 
trained on it, than with any other 
Surgical microscope. Over 9000 
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Surface morphological events which occur during degeneration and regeneraton of mouse olfactory epithelium following nasal irriga- 
tion with 1% aqueous zinc sulfate solution are described at the scanning electron microscope level. Degeneration of olfactory epithelium 
occurred over extensive areas during the first 24 hours after treatment. Degeneratve conditions ranged from a slightly altered surface to a 
surface revealing the underlying basal lamina. Onset of regeneration was suggested by the appearance of squamous cells two days post- 
treatment and occurred simultaneously over large su-face areas. At this time the surface was perforated by numerous pore-like openings 
from which protruded cells as though in a process of migration. It is suggested that the presumed migrating cells contribute cellular 
elements to olfactory epithelium during early regeneration. Regrowth of the epithelium was uniform over the entire regenerating 
epithelium. Neural elements first appeared 14 days after treatment. The surface ef olfactory epithelium appeared nearly normal 28 to 42 
days after the zinc sulfate treatment. The distinctive degenerative and regenerative surface manifestations extend and confirm previous 


observations made at the transmission electron microscopic level. 


INTRODUCTION 


A relatively large number of studies ceals with 
the effects of zinc sulfate (ZnSO,) on olfactory epi- 
thelium.''° These studies reveal that irrigation of 
the nasal cavity with aqueous ZnSO, solution causes 
a selective destruction of olfactory epithelium. 
Nasal respiratory epithelium is affected by the same 
treatment to a lesser degree.''! This treatment allows 
the assessment of neuronal regeneration which oc- 
curs uniquely in the olfactory epithelium. 


The most important region of olfactory epithel- 
ium is its surface since it is here that receptor sites 
for olfaction are located. Investigators have de- 
scribed the degenerative and regenerative episodes 
at the light and/or transmission electron nicroscop- 
ic (TEM) levels which occur below the surface. A 
clear idea of events manifested at the surface of this 
epithelium during such drastic alteration and reor- 
ganization of the tissue is lacking. For example, sur- 
face manifestations that occur during de-epitheliza- 
tion and regrowth of the epithelium have not been 
described prior to the present study. The extent of 
epithelial areas affected by the ZnSO, treatment, 
the surface morphology of the bare basal lamina, 
and the events occurring during the reconstitution 
of the surface brush border lack documentation. 
Further, the origin and surface morpholcgy of cells 
which initially contribute to the reformation of the 
epithelium are unclear. In addition, the degree to 
which cell migration, from edges of epithelium 
which escaped the ZnSO, solution, con-ributes to 


the mew epithelium is unknown.’'° The present 
scanning electron microscope (SEM) study docu- 
ments the morphological events that occur at the 
surface during degeneration and regeneration of ol- 
factery epithelium and provides information in re- 
gard to the above points. 


METHODS 


A teta of 54 adult male C57BL/6J mice were used for the SEM 
assessmeat of olfactory epithelium. The nasal cavities of 45 mice 
were irrigated with 1% ZnSO, solution according to a method de- 
scribed previously." Five sham-treated and four untreated ani- 
mals served as controls. Sham treatment consisted of irrigating the 
nasal chambers with distilled water. Olfactory epithelium from 
the pesterior nasal vault, the posterior portion of the nasal sep- 
tum, and the medial surface of the endoturbinate bones of both 
nasalehembers was examined from five ZnSO,-treated animals at 
0.5, 1, Z 3, 4, 8, 14, 28 and 42 days after the treatment. Before 
the tissues were dissected free from the nasal cavities, the animals 
were anesthetized by intraperitoneal injections of Nembutal (Ab- 
bott Laloratories, North Chicago, Ill.). After careful dissection of 
the oFactory mucosa, the samples were washed by gently pipet- 
ting Hark’s balanced salt solution over the surface of the tissue. 
This wa-hing removed surface mucus and cellular debris, allow- 
ing the visualization of the epithelium surface. The initial fixation 
was carried out in cacodylate buffered 3% glutaraldehyde (pH 
7.35) fer 16-18 hours at 4°C. After several washings in the 
cacodylete buffer, the samples were postfixed in 1% osmium 
tetroxide’? for two hours. Following another brief buffer rinse, 
the samoles were dehydrated in graded methanol and passed 
throwgh graded methanol-amy! acetate to a final concentration of 
100% amyl acetate. Critical point drying was carried out with li- 
quid ©, in a Polaron critical point drying apparatus. The dried 
Sampees were mounted on aluminum stubs affixed with colloidal 
silver gold-sputtered (4 cm from the anode) on a water-cooled 
stub hoHer (in an argon atmosphere) in a vacuum of 10°! torrs 
twice for one minute and examined in a Cambridge SEM 180 at 
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Fig. 1. Olfactory epithelial surface of a contrd mouse. In several regions cilia (C) appear to be radiating from central 
points of origin (double arrows). The thin distal portion of many cilia, somewhat removed from their origin, appen to be in 


parallel arrangement (lines). Other cilia orient the nselves perpendicularly to those arranged in a parallel fashion (arrow). 
S - Terminal swellings. (Bar 3 um unless otherwise noted in all figures.) 

Fig. 2. Surface of olfactory epithelium one-hali day after treatment showing the least severely altered degenerative con- 
dition. Olfactory vesicles (OV) are covered with sho-t segments of cilia (C). Cellular debris (D) represents remnants of severe- 
ly altered supporting cells. M - Microvilli. 

Fig. 3. Olfactory epithelial surface one-half da, after treatment depicting the “more severely altered degenerative con- 
dition” which contained swollen vesicles (OV) devo# of cilia. T - Tubular structures; D - Cellular debris; P - Tapering pro- 
cesses. 
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20 kV. The tilt angle of the specimen in the SEM ranged from 
15-30°. 


Olfactory mucosa of nine additional C57BL/6J mice treated 
with ZnSO, were also available for TEM assessment. These tissues 
were prepared using methods reported earlier’? with one 
modification: the dissected olfactory mucosa was washed in a 
fashion similar to that used in preparing the tissue for SEM. 
Tissues from three animals were available at each of the 1-, 2- and 
3-day sampling periods after the ZnSO, treatment. These tissues 
were examined in a TEM (Philips 200) at 60kV. 


RESULTS 


The surface of untreated and sham-treated olfac- 
tory epithelium was similar in appearamce, con- 
sisting of presumed olfactory cilia which measured 
about 0.1-0.4 um in diameter (Fig. 1). The cilia ap- 
peared to originate from numerous central points, 
radiated in all directions and often terminated with 
spherical swellings. The terminal enlargements 
(swellings) are characteristic of normal cilia 
(Matulionis DH, unpublished data). Somewhat re- 
moved from the point of origin, the orientation of 
cilia was more or less parallel to each other and to 
the free surface. Few cilia were seen oriented per- 
pendicular to the majority. Orientation of the cilia 
was confirmed by TEM observation (Matulionis 
DH, unpublished data). Terminal enlarged dendri- 
tic endings (olfactory vesicles) of sensory cells were 
hidden due to the large number of the cilia at the 
surface, as were the apical surfaces of supporting 
cells. 


Half Day after ZnSO, Treatment. Twelve hours 
after the nasal cavities were irrigated with ZnSO, 
the surface morphology was highly altered when 
compared to the contro! tissue. Although quan- 
titative measurements were not made, the altered 
areas were extensive. Three general conditions were 
prominent, each suggesting a different progressive 
stage of degeneration. The least severe condition re- 
vealed numerous olfactory vesicles (1.2 „um in 
diameter) devoid of the long olfactory sensory cilia 
(Fig. 2) which normally are so numerous that they 
conceal the olfactory vesicles and the components of 
the epithelial surface. Instead, short cylindrical sur- 
face structures (approximately 0.93 um long, 0.25 
um in diameter), presumed to be altered cilia, 
emanated from these vesicles. 


The more severe degenerative condition was 
characterized by swollen olfactory vesieles (about 
3.6 um in diameter) with occasional cylindrical 
structures (altered cilia) emerging from their sur- 
face (Fig. 3). The vesicles appeared free im the nasal 
chamber but were attached to the epithelium by 
elongated tapering processes which were most likely 
the dendritic components of the olfactory neurons. 
Small particles of cellular debris were noted on the 
vesicles and tapering processes. 


The most marked state of degeneration at 12 
hours after ZnSO, treatment was characterized by a 
relatively uniform noncellular surface littered with 
considerable debris consisting of strands and ir- 


regularly shaped material and occasionally groups 
of smal spherical cells (Fig. 4). Occasionally ir- 
regular tears and holes were noted, indicating a 
fragile sirface. The morphology of the surface sug- 
gested that it was the bare basal lamina of the 
epitheliam. Of the three degenerative conditions 
noted a this time, the most severely altered condi- 
tion was least frequently observed. 


One Jay after ZnSO, Treatment. The prevailing 
condition noted at this time resembled the most 
severely altered condition of the previous stage and 
was ob-erved over large areas of the mucosa. The 
surface morphology was different from that of the 
previous stage. The sensory olfactory vesicles were 
compleely absent and the amount of cellular debris 
on the surface was reduced (Fig. 5). TEM assess- 
ment oœ tissue at this time revealed a bare basal 
lamina also free of debris (Fig. 12). Irregular, well- 
demonstrated openings were seen on the surface 
(Fig. 5}. In some cases, the orifices of these openings 
appeared to be congested with cells which were 
studded with short microvilli. The cells within the 
openin zs were located below the basal lamina in the 
subjacent lamina propria. These were cellular com- 
ponents of Bowman’s glands. This type of surface 
morphəlogy marks the terminal stage of degenera- 
tion acter the epithelial cells have completely 
sloughed off. Normally basal lamina is covered by 
basal, -eceptor and supporting cells (cells of olfac- 
tery epithelium). 


Twc and Three Days after ZnSO, Treatment. 
The surface of the olfactory mucosa was almost 
unilor nly covered with squamous cells, suggesting 
onset vf epithelial regeneration (Fig. 6). The area 
populated by the squamous cells was extensive and 
corres ,onded with the area of the bare basal lamina 
seen i1 the previous stage. Surface cells were ir- 
regular, stellate, or fusiform in shape, and were 
covered with short microvilli (Figs. 6, 7). Certain 
areas, however, were devoid of cells demonstrating 
the néked basal lamina (Fig. 7). Such areas were 
perforated with small holes that occurred randomly 
ever the surface of the tissue. In addition, many 
larger openings were present at the surface (Figs. 6, 
7). These larger openings were congested with cells 
whic in turn were covered with numerous micro- 
villi. Jn many occasions cells covered with micro- 
villi were noted protruding through these larger 
openings as though in the process of migration onto 
the surface (Fig. 8). Such protruding cells were 
unifo-mly distributed over the surface of the regen- 
eratirg olfactory epithelium. TEM assessment re- 
vealed these cells to be covered with microvilli and 
glandular in nature (Fig. 13). 


Fotr and Eight Days after ZnSO, Treatment. 
The s irface of regenerating epithelium at four and 
eight days after treatment with ZnSO, was similar. 
The most common surface manifestation at these 
times appeared as extensive areas composed of rela- 
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Fig. 4. The “most severe degenerate condition’ noted one half-day after ZnSO, treatment. Note the larger amounts of 
cellular debris (D), single or grouped spherical cells (Sc), irregular tears (arrow), and holes (double arrows) on the surface. 
B1 - Basal lamina. 

Fig. 5. Olfactory epithelial surface one day afte- ZnSO, treatment representing the terminal stage of degeneration. Note 
the pore-like openings (P) which are congested with zells bearing microvilli (arrow). B1 - Basal lamina; D - Cellular debris. 

Fig. 6. Regenerating olfactory epithelial surface two days after treatment. The surface is no longer flat but composed of 


irregularly shaped squamous cells (S) which are cove-ed with short microvilli (crrow). The bar in the lower left corner repre- 
sents 30 um. Pe - Cells in the opening of pores; D - Debris. 


tively uniform elongate cells (Fig. 9). These vells ual cells were evident. In one animal, four days 
were covered with numerous microvilli, the length after treatment, normal epithelium was observed 
and diameter of which seemed to be slightly vari- adjacent to regenerating tissue. The regenerating 


able on different cells. Surface outlines of individ- epithelium next to the normal epithelium was 
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Fig. 7. Similar region as in Figure 6 but from a different animal. Note the numerous microvilli (arrow) on the surface 
cells. Areas which represent the basal lamina (B1) contain holes (H). L - Lumen ef Bowman’s glands; P - Pores; Double ar- 


row - Cells in the opening of pores. 


Fig. 8. Similar region as in Figure 6 but from a different animal wtich shows cells migrating (HC) through pores (P). 


Arrow - Microvilli. Double arrow - Breaks between cells. 


similar in every respect to that farther removed 
from the unaffected normal tissue. 


Fourteen Days after ZnSO, Treatment. Surface 
morphology 14 days after treatment was con- 
siderably different when compared to the previous 


stages. Large numbers of microvilli, now elon- 
gated, obstructed the visualization of epithelial cell 
surfaces (Fig. 10). Individual cell boundaries were 
no lenzer discernible. Clusters of projecting micro- 
villi like structures (approximately 2.2 um in dia- 
meter) seemingly originating from a common 
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Fig. 9. Regenerating olfactory epithelial surface four days after ZnSO, treatment depicting relatively uniform cells 
covered with microvilli of different sizes (arrow). 


Fig. 10. Regenerating olfactory epithelium 14 days after treatment. Note the large numbers of microvilli (arrow) and 
developing olfactory vesicles (circle). The vesicle, covered with microvilli (double arrows), possesses outgrowing longer tubu- 
lar ciliary structures (TS). 


Fig. 11. Nearly normal olfactory epithelium 2& days after treatment depicting several olfactory vesicles (OV) with well- 
developed cilia (C). A ciliary neck (Cn) is seen at the base of a cilium. 


source, were noted in certain areas of the epithelial interpreted as developing olfactory sensory cilia of 
surface. Longer rounded elongate projections were the olfactory vesicles. 
noted emanating from the clusters and occasicnally Twenty-eight and Forty-two Days after ZnSO, 


formed entanglements. The longer projections were Treatment. Surfaces of regenerating epithelium at 
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Fig. 12. TEM electron micrograph showing the terminal stageof cegenerating olfactory epithelium one day after ZnSO, 
treatment. Note the bare basal lamina (B1) with small breaks (arrow). Lu - Lumen of the nasal cavity: Ct - Connective 
tissue cell; Co - Collagen in the basemen: membrane. (x 9180) 


Fig. 13. TEM electron micrograph siowing glandular cells (HC) migrating from the lamina propria (Lp) onto the sur- 
face of the basement membrane (Bm) twe days after ZnSO, treatment. Mi - Microvilli; Lu - Lumen of the nasal cavity; Sd - 


Secretory droplets. (x 7150) 


28 and 42 days past ZnSO, treatment were similar 
and appeared normal (Fig. 11). The dendritic 
swellings of the olfactory neurons, the thick proxi- 
mal (ciliary neck) segment (approximately 0.18 um 
in diameter) and the thin distal segment (about 0.1 
um in diameter) of the olfactory sensory cilia were 
clearly evident. The density of the cilia was, how- 
ever, lower than that of control tissue (compare 
Figs. 1 and 11). The lower density of these struc- 
tures could be a reflection of their shorter length 
rather than fewer numbers. Also, the parallel ar- 
rangement of the cilia was not evident at this stage 
of degeneration. The epithelium appeared imma- 
ture but almost totally renewed. 


DISCUSSION 


The present SEM study describes the degenera- 
tive and regenerative events that are seen at the sur- 
face of the olfactory mucosa following irrigation of 
the nasal chambers with 1% aqueous ZnSO, solu- 
tion. The following points, pertinent to the regener- 
atwe capacity of olfactory neurons, are discussed: 
I) visual assessment of the extent of olfactory mu- 
cosal surface affected by the treatment. 2) events 
that occur during early regeneration, focusing on 
the cells which initially colonize the mucosal sur- 
face, and 3) the reconstitution of the epithelial 
border, a region containing sites for olfactory re- 
ception. 
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Degeneration of the olfactory epithelium occur- 
red rapidly over the first 24 hours after the ZnSO, 
treatment. During this time, the epithelial surface 
was conspicuously free of sloughing cells and cellu- 
lar debris, a prominent feature of degenerating epi- 
thelium seen previously with the TEM.'’ The 
debris-free surface was undoubtedly a result of the 
method used to prepare the tissue for SEM. Num- 
erous washings of the epithelial surface were neces- 
sary to remove the mucous film which would nor- 
mally obscure surface features. Tissues which were 
similarly washed for TEM also revealed a debris- 
free surface. SEM observation of the initial changes 
seen at the washed surface revealed olfactory 
vesicles devoid of the normal complement of olfac- 
tory cilia. It appears that the cilia are markecly and 
rapidly affected by the ZnSO, treatment rather 
than tissue processing procedures since the cilia of 
the control and sham-treated animals were intact. 
The fragile nature of these structures has been 
previously observed by other investigators.'*'* The 
deleterious effects of ZnSO, appears to rapidly 
disrupt those structures (cilia) which have been pur- 
ported to contain chemoreceptor sites. 5'3 


The altered or degenerating areas of epithelium 
were extensive and no normal (unaffected by the 
treatment) olfactory epithelium was seen 24 hours 
after treatment. However, four days after ZnSO, 
application, a region of normal-appearing tissue 
adjacent to regenerating tissue was noted. Wice ex- 
panses of altered tissue in mice, as seen with SEM, 
correlate well with the 78 to 97% of olfaetory 
epithelial destruction produced by ZnSO. in 
hamsters.'’ Present observations indicate that ir- 
rigation of the nasal cavities with ZnSO, is an effec- 
tive means of destroying large areas of olfactory 
epithelium. Such a treatment provides an oppor- 
tunity to study the dynamics and plasticity of this 
tissue. 


The degenerative process culminated in a surface 
totally devoid of epithelial cells (24 hours posttreat- 
ment) revealing a bare basal lamina. Presence of ir- 
regular randomly-oriented artifactual tears and 
holes in the surface of the basal lamina suggested a 
thin fragile surface. Previous and present TEM ob- 
servations of the terminal degenerating phase of 
mouse olfactory epithelium revealed regions of 
basal lamina devoid of cells one day after ZnSO, 
treatment.'” However, it was difficult to assess with 
TEM the extent of the naked basal lamina present 
after such a treatment. SEM analysis, on the otrer 
hand, clearly demonstrated large regions of exposed 
basal lamina, comparable to those of degenerating 
epithelium present over the mucosa one day after 
ZnSO, irrigation. 


Initial signs of regeneration appeared approx- 
imately two days after treatment. At this time the 
surface was covered with squamous cells which 
were studded with short microvilli. The squamous 
nature of the surface cells at the onset of regenera- 


tion has been reported'® and confirms the present 
observations. The borders of these cells were clearly 
visible with occasional separations between them. 
This observation supports the notion that the tissue 
surface at one day after treatment represents a 
fragile bare basal lamina, rather than a cellular sur- 
face since the breaks on the surface at that time 
were randomly oriented. 

At two and three days after ZnSO, treatment. 
cells were often noted protruding through openings 
of the basal lamina. The morphological configura- 
tion of these cells suggested that they were in a 
migratory process. TEM assessment of the migrat- 
ing cells revealed them to be glandular in nature. 
Similarly, migrating cells were noted previously 
and suggested as originating from Bowman’s 
glands.®*'° The observation of such migrating cells 
lends itself to speculation in regard to their role in 
the regenerating epithelium. Could these cells be 
the progenitor cells for olfactory epithelium? It has 
recently been proposed that basal cells give rise to 
stem cells for regeneration (after transection of the 
olfactory nerve) and normal replacement (during 
adult life) of olfactory neurons.?°-?? These studies, 
however, do not address themselves to the origin of 
the basal cells. It is unlikely that the migrating cells 
are basal cell precursors since their cytoplasmic ul- 
trastructure is similar to that of supporting cells.'° 
However, similar morphology of migrating and 
supporting cells suggests that the former cells are 
precursors of the latter. Such an interpretation 
would agree with data reported by Graziadei and 
Graziadei.*! They stated that “in adult mice basal 
cells generate only neurons,” which suggests a dif- 
ferent cell lineage for supporting cells. The origin of 
new epithelial cells from glandular elements may 
reflect their common embryonic source; both the 
neural epithelium and glands develop from the ol- 
factory placode.** 

One may speculate that squamous cells could also 
originate from edges of unaffected areas and mi- 
grate over the naked basal lamina. If this were true, 
it would seem logical to expect that regions of re- 
growing epithelium near the unaltered tissue 
(which presumably escaped the ZnSO, treatment'’) 
would exhibit more advanced stages of regeneration 
than those areas farther removed from the normal 
(unaltered) tissue. Such conditions were not ob- 
served in the present study. On the contrary, degen- 
eration and regeneration in individual samples oc- 
curred uniformly over the surface of the mucosa. 
For example, the protruding (migrating) cells were 
evenly distributed over the surface of the basal 
lamina, new squamous surface cells covered the re- 
generating area uniformly and the reconstitution of 
the sensory structures (cilia) at the border occurred, 
for the most part, simultaneously over the affected 
regions. Thus, the present observations suggest that 
migration of cells from the edges of unaffected epi- 
thelium, if occurring at all, is not the principal 
mechanism for epithelial reconstitution. Further, it 
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appears that the migrating cells contribute cells to 
the formation of olfactory epithelium during early 
regeneration. However, the fate of these cds and 
the degree of their contribution to the definite 
epithelium remains uncertain. 


Olfactory neural elements appeared at the sur- 
face 14 days after treatment in the form of surface 
protrusions covered with short microvilli. The latter 
originated from olfactory vesicles. Longer cilia-like 
structures of uniform diameter were ofter noted 
emanating from the microvillus-covered olfactory 
vesicles. The presence of microvilli and Glia on 
mammalian olfactory vesicles is not surprising since 
a similar condition has been observed by Breipohl 
and Fernandez?’ in developing chick olfactory 
epithelium. Also, developing regions of bovine ol- 
factory epithelium appear to have both ciia and 
microvilli on presumably newly formed neural ele- 
ments.*° As regeneration and maturation of the 
olfactory mucosa progress over the next 14 days, the 
microvilli disappear from the surface of the vesicles. 
The surface of the epithelium, 28 to 42 days after 
ZnSO, treatment, is formed by a loose entangle- 
ment of olfactory cilia. It appears that these struc- 
tures have not yet reached their normal length and 
thus produce a less dense olfactory border. Also the 
cilia have not attained their mature parallel ar- 
rangement to each other. In contrast, normal ol- 
factory epithelium is covered with many cilie which 
obscure the vesicles.?”?* The sparsity of the cilia at 


this time of regeneration has also been reported pre- 
viously.’ 


A final comment appears necessary in reference 
to the variation of morphological alterations during 
regeneration at the various times the tissue was ex- 
amined. The morphological surface manifestations 
noted were the most common and prominent condi- 
tions observed. However, it should be pointed out 
that some morphological variations occurred 
among individual animals. For example, in two 
animals sampled 12 hours after treatment, the pre- 
dominant condition of degenerating epithelia was 
the “least severely altered state.” In the remaining 
three animals all of the degenerating stages were 
equally present. Further, the terminal stage of 
degeneration (naked basal lamina) was noted in 
several areas of one animal as late as four days after 
treatment and the initial regenerative stage (surface 
covered with squamous cells) was observed in a few 
regions of two animals one day after treatment. 
Such variations were similar to those observed 
earlier.” and undoubtedly result from the multi- 
ple irrigation approach used to insult the tissue.’ 
Although some variations in the degree of mor- 
phological alterations were found among individual 
animals end among experimental groups, they ap- 
peared uniform in each animal and the distinctive 
patterm of degeneration and regeneration of olfac- 
tory epithelial surface described above was always 
evident. 
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Copr. © 1982 Burroughs Wellcome Co. All rights reserved. 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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In Allergic Rhinitis... 


Inflammation reduced- 
nasal passages cleared through safe, 
topically applied steroid control 


Dramatic Clinical Benefits Demonstrated 





Before Vancenase treatment After Vancenase Treatment 
Left nostril before VANCENASE Nasal Inhaler Left nostril after using VANCENASE Nasal Inhaler for 
treatment: eight weeks: 
See marked swelling of turbinate with partially Note marked reduction of turbinate size with 
obstructed airway, moderate amount of thir and improvement in nasal patency; minimal secretion, pink 
thickened secretions, red mucosa. (normal) mucosa. 

Case history and photograph courtesy of John T. Connell, M.D, Englewood, New Jersey Dosage was two puffs in each nostni t.d. There were no a f 
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Effective intranasal steroid control 
with proven safety and convenience 


m Allows freer breathing by direct steroid control 
of inflamed/boggy nasal mucosa 


On intranasal application, VANCENASE™ (brand of beclomethasone dipropionate) provides effective 
steroid control of seasonal or perennial rhinitis symptoms* to relieve congestion and permit freer 
breathing. Initial relief can be expected within a few days, with meximum improvement seen during the 
second week of therapy." 


= Assures well-tolerated therapy with a minimum 
of side effects and no adrenal suppression’ 


The automatic VANCENASE metered-dose aerosol unit assures accurate delivery of safe, minimal 
quantities of drug for maximum effectiveness and maximum safety. No amounts greater than the 
recommended dose are administered when simple directions are followed thus precluding the possibility 
of adrenal suppression: 


m Easy to carry...easy to use 


The VANCENASE metered-dose aerosol is smell and easy to carry thus patients can follow your 
prescribing directions any time of day, in any location, with minima inconvenience. The simple b.i.d. 
dosage promotes patient compliance assuring vou that your patier's allergic rhinitis is properly controlled. 


*In those patients poorly responsive to conventional treatment 
tSince VANCENASE Nasal Inhaler is not immediately effective, patients should be advised not to increase the dose beyond the-yorescribed in an effort to obtain a response. Instead, nasa 
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jecongestants or oral antihistamines may be needed until the effects of VANCENASE Nasal Inhaler are develi peg some eG 'ients e or two weeks may pass before full relief is obtained al 
relief can then be easily maintained with the recommended doses 
ttVWhen used at recommended di sage se of excessive doses af VANCENASE may suppress | ypothalamic-pituitary-adrenal “ew rchor 
» Files of Headquarters Medi Research Division Schering Carnoration 
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Please see Clinical Considerations section which follows... 






In Allergic Rhinitis 


ancenase 
Nasal Inhaler 

eclomethasone 
dipropionate, USP 


For Nasal Inhalation Only 
CLINICAL CONSIDERATIONS: 


INDICATIONS AND USAGE VANCENASE Nasal Inhaler is indicated ‘or the relief of 
the symptoms of seasonal or perennial rhinitis in those cases poorly responsive to 
conventional treatment. 

Clinical studies have shown that improvement is eine apparent within a few days 
However, symptomatic relief may not occur in some patients for as ‘ong as two weeks 
Although systemic effects are minimal at recommended doses, VANCEN ASE should not 
be continued beyond three weeks in the absence of significant symptomatic improvement 
VANCENASE should not be used in the presence of untreated localized | fection involving 
the nasal mucosa. 


CONTRAINDICATIONS Hypersensitivity to 
contraindicates its use. 


WARNINGS The replacement of a systemic corticosteroid with YANCENASE Nasal 
Inhaler can be accompanied by signs of adrenal insufficiency. 

When transferred to VANCENASE Nasal Inhaler, careful attention must be given to 
patients previously treated for prolonged periods with systemic corticasieroi ds. This is 
particularly important in those patients who have associated asthma or other clinical 
conditions, where too rapid a decrease in systemic corticosteroids may cause a severe 
exacerbation of their symptoms 

Studies have shown that the combined administration of alternate day prednisone 
systemic treatment and orally inhaled beclomethasone increased the akelinood of HPA 
suppression compared to a therapeutic dose of either one alone Therefore, VANCENASE 
treatment should be used with caution in patients already on alternat2 day prednisone 
regimens for any disease 


PRECAUTIONS General: During withdrawal from oral steroids, same patients may 
experience symptoms of withdrawal, e.g., joint and/or muscular pain, lassitude, and 
depressior 

In clinical studies with beclomethasone dipropionate administerec imt ranasally, the 
development of localized infections of the nose and sate with Candida albicans has 
occurred cnly rarely. When such an infection develops, it may require treatment with 
appropriate local therapy or discontinuance of t treat ment with VANICENESE. Nasal Inhaler 

Beclomethasone dipropionate is absorbed into the circulation. Use o excessive doses 
of VANCENASE Nasal Inhaler may suppress HPA function 

VANCENASE should be used with caution, if at all, in patients with active or quiescent 
tuberculous infections of the respiratory tract, or in untreated fungal. bacterial. systemic 
viral infections, or ocular herpes simplex. 

Because of the inhibitory effect of corticosteroids on wound healing. patients who have 
experienced recent nasal septal ulcers, nasal surgery, or trauma should not use a nasal 
corticosteroid until healing has occurred. 

Although systemic effects have been minimal vif recommended doses. this potential 
increases with excessive doses. Therefore, larger than recommended doses ‘should be 
avoided 


Information for Patients: Patients should use VANCENASE Nasal Inhaler at regular 
intervals since its effectiveness depends on its regular use. The patient should take the 
medication as directed. It is not acutely effective and the prescribed dose gi should not be 
increased. Instead, nasal vasoconstrictors or oral antihistamines may de needed until the 
effects of VANCENASE Nasal Inhaler are fully manifested. One to two weeks may pass 
before full relief is obtained. The patient should contact the doctor : he mptoms do not 
improve, or if the condition worsens, or if sneezing or nasal irrita occurs. For the 
proper use of this unit and to attain maximum improvement, the ae M should read and 
follow the accompanying PATIENT'S INSTRUCTIONS carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Treatment of rats for a 
total of 95-weeks, 13 weeks by inhalation and 82 weeks by the oral rau’e. resulted in no 
evidence of carcinogenic activity. Mutagenic studies have not been performed 
Impairment of fertility, as evidenced by inhibition of the estrus cycle in dogs, was 
observed following treatment by the oral route. No inhibition of the estmus cycle in dogs 
was seen following treatment with beclomethasone dipropionate by the innalation route. 


Pregnancy Category C: Like other corticoids, parenteral (subcutaneous) be- 
Clomethascne dipropionate has been shown to be teratogenic and embryocidal in the 
mouse and rabbit when given in doses approximately ten times the human dose. In these 
studies beclomethasone was found to produce fetal resorption, cleft palate, agnathia, 
microstomia, absence of tongue, delayed ossification, and agenesis of the thymus. No 





any of the ingredients cf this preparation 


Schering Corporation 
Kenilworth, New Jersey 07033 








teratogenic or embryocidal effects have been seen in the rat when beclomethasone 
d propionate was administered by inhalation at ten times the human dose or orally at 1000 
times the human dose. There are no adequate and well-controlled studies in pregnant 
women. Beclomethasone dipropionate should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus 


Nonteratogenic Effects: Hypoadrenalism may occur in infants born of mothers 
receiving corticosteroids during pregnancy. Such infants should be carefully observed 


Nursing Mothers: Itis not known whether beclomethasone dipropionate is excreted 
n human milk. Because other corticosteroids are excreted in human milk, caution should 
be | arise when VANCENASE Nasal Inhaler is administered to nursing women 


Pediatric Use: Safety and effectiveness in children below the age of 12 years have not 
been established 


ADVERSE REACTIONS In general, side effects in clinical studies have been primarily 
associated with the nasal MION membranes. Adverse reactions reported in controlled 
clinical trials a long-term open studies in patients treated with VANCENASE are 
described below 

Sensations of irritation and burning in the nose (11 per 100 patients) following the use 
of VANCENASE Nasal Inhaler have been poate Also, occasional sneezing attacks (10 
per 100 patients) have occurred immediately following the use of the intranasal inhaler. 

Localized infections of the nose and pharynx with Candida albicans have occurred 
rarely. (See PRECAUTIONS ) 

Less than 2 per 100 patients reported transient episodes of bloody discharge trom the 
nose 

Ulceration of the nasal mucosa has been reported rarely. Systemic corticosteroid side 
effects were not reported during the controlled clinical trials. If recommended doses are 
exceeded, however, or if individuals are particularly sensitive, symptoms of hypercorti- 
cism, i.e., Cushing's syndrome could occur 


DOSAGE AND ADMINISTRATION Adults and Children 12 years of age and 
over: the usual dosage is one inhalation (42 mcg) in each nostril two to four times a day 
(total dose 168-336 mcg/day). Patients can often be maintained on a maximum dose of 
one inhalation in each nostril three times a day (252 mcq/ day) 

In patients who respond to VANCENASE Nasal Inhaler, an improvement of t 
symptoms of seasonal or perennial rhinitis usually becomes apparent within a few Pe 
after the start of VANCENASE Nasal Inhaler therapy 

The therapeutic effects of corticosteroids, unlike those of decongestants are not 
immediate. This should be explained to the patient in advance in order to ensure 
cooperation and continuation of treatment with the prescribed orn regimen 

VANCENASE Nasal Inhaler is not recommended for children below 12 years of age 

In the presence of excessive nasal mucus secretion or edema of the nasal mucosa, the 
drug may fail to reach the site of inten par a ion. In such cases it is advisable to use a 
nasal vasoconstrictor during the first three days of VANCENASE Nasal Inhaler 
therapy 


Directions for Use: Illustrated PATIENT INSTRUCTIONS for proper use accompany 
each package of VANCENASE Nasal Inhaler 


ants UNDER PRESSURE. Do not puncture. Do not use or store near heat or open 
flam Ap rra to nh oA atu b above d F ma cause bursting. Never throw container 


OVERDOSAGE When p at excessive doses, systemic corticosteroid effects such as 
hypercorticism and adrenal suppression may appear. If such symptoms appear, the dosage 
Should be decreased. 

The oral LD... of beclomethasone dipropionate is greater than 1 g/kg. One canister of 
VANCENASE Nasal Inhaler contains 8.4 mg of beclomethasone dipropionate, therefore 
acute overdosage is unlikely. 


HOW SUPPLIED VANCENASE Nasal Inhaler, 16.8 g canister: box of one. Supplied 
with nasal adapter and PATIENT'S INSTRUCTIONS; (NDC 0085-0041-04). 


Store between 2° and 30°C (36° and 86°F). 


Manufactured by Aerosol Techniques, Inc., Armstrong Laboratories Division, 
West Roxbury, MA 02123 for Schering Corporation, Kenilworth, N.J. 07033. 


For more complete details, consult package insert or Schering literature 
available from your Schering Representative or Professional Services De- 
partment, Schering Corporation, Kenilworth, New Jersey 07033. 
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NO TIME FOR VERTIGO. 


MOST WIDELY PRESCRIBED 





Antivert is the most 
widely prescribed agent 
for the management of 
vertigo* associated with 
diseases affecting the 
vestibular system such as 
Meniére’s disease, laby- 
rinthitis, and vestibular 
neuronitis. 


© 1982 Pfizer Inc. 


BRIEF SUMMARY OF 
PRESCRIBING INFORMATION: 


*|INDICATIONS: Based ona 
review of this drug by the 
National Academy of 
Sciences — National 
Research Council and/or 
other information, FDA has 
classified the indications as 
follows. Effective: Manage- 
ment of nausea and vomit- 
ing, and dizziness 
associated with motion 
sickness. Possibly Effective: 
Management of vertigo 
associated with diseases 
affecting the vestibular 
system. Final classification 
of the less than effective 
indications requires further 
investigation. 


CONTRAINDICATIONS. Admin- 
istration of Antivert (meclizine 
HCl) during pregnancy or to 
women who may become 
pregnant is contraindicated in 
view of the teratogenic effect 
of the drug in rats. The adminis- 
tration of meclizine to preg- 
nant rats during the 12th-45th 
day of gestation has produced 
cleft palate in the offspring. 
Limited studies using doses of 
over 100 mg/kg/day in rabbits 
and 10 mg/kg/day in pigs and 
monkeys did not show cleft 
palate. Congeners of mecli- 
zine have caused cleft palate 
in species other than the rat. 
Meclizine HCI is contraindi- 
cated in individuals who have 
shown a previous hypersensi- 
tivity to it. WARNINGS. Since 
drowsiness may, on occasion, 
occur with use of this drug, 
patients should be warned of 
this possibility and cautioned 
against driving a car or oper- 
ating dangerous machinery. 
Usage in Children: Clinical 
studies establishing safety and 
effectiveness in children have 
not been done; therefore, 
usage is not recommended in 
the pediatric age group. 
Usage in Pregnancy: See 
“Contraindications.” ADVERSE 
REACTIONS. Drowsiness, dry 
mouth and, on rare occasions, 
blurred vision have been 
reported. More detailed 
professional information avail- 
able on request. 


ROECRIG Ge 


A division of Pfizer Pharmaceuticals 
New York, New York 140017 
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RELIEF OF NAUSEA 
AND VOMITING 


Antivert/25 can relieve 
the nausea and vomiting 
often associated with 
vertigo.* 





ACCEPT NO SUBSTITUTES, SPECIFY: 


ANTIVERT/ /2 


(MECLIZINE HCI) 


25 Mg TABLETS 





DOSAGE FOR VERTIGO* 


The usual adult dosage 
for Antivert/25 is one 
tablet t.i.d. 





In otitis media’ with effusion... 


125-mg/5-mi and 250-mg/5-ral oral suspensions 


Ceclor 


Cree! 


offers an 
e [o (o (Xo Koel 


Documented clinical effectiveness against 
Haemophilus influenzae, including both amoxicillin/ 
ampicillin-sensitive and amoxicillin/ampicillin- 
resistant strains. 


Also clinically effective against Streptococcus 
pneumoniae (pneumococcus), saphylocecci, and 
S. pyogenes (group A beta-hemolytic streptococci). 


H. influenzae 


Scanning electron microscapy 
(x 8550). 


Ceclor is contraindicated in patients with known allergy to cephalospcrins and should 
be given cautiously to penicillin-allergic patients 
*Due to susceptible strains of S. pneumoniae (Diplococcus pneumoniae), 4. influenzae, and 
S. pyogenes (group A beta-hemolytic streptococci). 





Brief Summary. PE 
Consult the package literature for prescribing information. 


Indications and Usage: Ceclor* (cefaclor, Lilly) is indicated in the 
treatment of the following infections when caused by susceptible 
strains of the designated microorganisms 

Otitis media caused by Streptococcus pneumoniae (Diplococcus 

pneumoniae), Haemophilus influenzae, staphylococci, and S 

pyogenes (group A beta-hemolytic streptococci) 

Appropriate culture and susceptibility studies snould be per- 
formed to determine susceptibility of the causative organism to 
Ceclor 
Contraindication: Ceclor is contraindicated in patients with known 
allergy to the cephalosporin group of antibiotics 
Warnings: IN PENCILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN 
ANTIBIOTICS SHOULD BE ADMINISTERED CAUTIOUSLY 
THERE IS CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALOSPORINS, 
AND THERE ARE INSTANCES IN WHICH PATIENTS HAVE HAD REAC- 
TIONS, INCLUDING ANAPHYLAXIS, TO BOTH DRUG CLASSES 

Antibiotics, including Ceclor. should be administered cau- 
tiously to any patient who has demonstrated some form of allergy, 
particularly to drugs 
Precautions: If an allergic reaction to cefaclor occurs, the drug 
should be discontinued, and, if necessary, the patient should be 
treated with appropriate agents, e.g . pressor amines, antihista- 
mines, or corticosteroids 

Prolonged use of cefaclor may result in the overgrowth of non- 
susceptible organisms. Careful observation of the patient is_ 
essential. If superinfection occurs during therapy, appropriate 
measures should be taken 

Positive direct Coombs tests have been reported during treat 
ment with the cephalosporin antibiotics. In hematologic studies 
or in transfusion cross-matching procedures when antiglobulin 
tests are performed on the minor side or in Coombs testing of 
newborns whose mothers have received cephalosporin antibiotics 
before parturition, it should be recognized that a positive Coombs 
test may be due to the drug 

Ceclor should be administered with caution in the presence of 
markedly impaired renal function. Under such conditions, careful 
clinical observation and laboratory studies should be made 
because safe dosage may be lower than that usually 
recommended 

As a result of administration of Ceclor, a false-positive reaction 
for glucose in the urine may occur. This has been observed with 
Benedict's and Fehling’s solutions and also with Clinitest® tablets 
but not with Tes-Tape® (Glucose Enzymatic Test Strip, USP. Lilly) 

Usage in Pregnancy —Although no teratogenic or antifertility 
effects were seen in reproduction studies in mice and rats receiv- 
ing up to 12 times the maximum human dose or in ferrets given 
three times the maximum human cose, the safety of this drug for 
use in human pregnancy has not been establisned. The benefits of 
the dfug in pregnant women should be weighed against a possible 
risk to the fetus 

Usage in Infancy — Safety of this product for use in infants less 
than one month of age has not been established 
Adverse Reactions: Adverse effects considered related to cefaclor 
therapy are uncommon and are listed below 

Gastrointestinal symptoms occur in about 2.5 percent of 
patients and include diarrhea (1 in 70) and nausea and vomiting 
(1 in 90) 

As with other broad-spectrum antibiotics, colitis, including 
rare instances of pseudomembranous colitis, has been reported 
in conjunction with therapy with Ceclor 

Hypersensitivity reactions have been reported in about 1.5 per- 
cent of patients and include morbilliform eruptions (1 in 100). Pru- 
ritus, urticaria, and positive Coombs tests each occur in less than 
1in 200 patients. Cases of serum-sickness-like reactions (ery- 
thema multiforme or the above skin manifestations accompanied 
by arthritis/arthralgia and, frequently, fever) have been reported 
These reactions are apparently due to hypersensitivity and have 
usually occurred during or following a second course of therapy 
with Ceclor. Such reactions have been reported more frequently in 
children than in adults. Signs and symptoms usually occur a few 
days after initiation of therapy and subside within a few days after 
cessation of therapy. No serious sequelae have been reported 
Antihistamines and corticosteroids appear to enhance resolution 
of the syndrome 

Cases of anaphylaxis have been reported, half of which have 
occurred in patients with a history of penicillin allergy 

Other effects considered related to therapy included eosino- 
philia (1in 50 patients) and genital pruritus or vaginitis (less than 
1 in 100 patients) 

Causal Relationship Uncertain — Transitory abnormalities in clin- 
ical laboratory test results have been reported. Although they 
were of uncertain etiology, they are listed below to serve as alert- 
ing information for the physician 

Hepatic — Slight elevations of SGOT, SGPT, or alkaline phospha- 
tase values (1 in 40) 

Hematopoietic — Transient fluctuations in leukocyte count, pre- 
dominantly lymphocytosis occurring in infants and young chil- 
dren (1in 40) 

Rena/l—Slight elevations in BUN or serum creatinine (less than 
1in 500) or abnormal urinalysis (less than 1 in 200) [1002810] 
© 1982, ELI LILLY AND COMPANY 

Additional information available to 
the profession on request from 


Eli Lilly and Company, 
ly Indianapolis, Indiana 46285 

Eli Lilly Industries. inc. 

Carolina, Puerto Rico 00630 


ACTIFED WORKS WHETHER IT’S 
A HUNDRED MILES UP.. 
OR JUST AROUND THE CORNER. 


New clinical studies confirm effectiveness! 


In two recent double-blind, placebo-controlled studies"? of 339 patients, the decongestant/ 
antihistamine combination of Actifed was shown to be clinically more effective in relieving seasonal and 
perennial allergic rhinitis symptoms than either of its ingredients administered alone or against a placebo. 
Effectiveness was determined by showing nasal blockage relief and reduced aggregate symptom 
complex using both objective and subjective measurements. What's more, the combination 
demonstrated a relatively low incidence of adverse reactions. 

These latest studies, plus the more than 4,000,000,000 (billion) tablets prescribed on Earth and the 57 
tablets taken in space by our astronauts,’ help support the claim that Actifed provides prompt, effective 
relief of nasal congestion. For these two very good reasons, Actifed has been in the NASA Space 
Medicine Kit since 1968 and is part of the shuttle flights. 


For symptomatic relief of seasonal and perennial allergic rhinitis 


ACTIFED Tablets/Syrup 


Each scored tablet contains ACTIDIL * (triprolidine HCl) 2.5 mg and SUDAFED® (pseudoephedrine HC1) 60 mg. 
Each 5 ml teaspoonful of syrup contains ACTIDIL® 1.25 mg and SUDAFED® 30 mg. 


You can count on it. 
œa Clinical studies 
à confirm it! 


References: 1. Data on file, Burroughs Wellcome Co. 2. Diamond L, et al: An evaluation 

of triprolidine and pseudoephedrine in the treatment of allergic rhinitis. Ann Allergy 
47:87-91, Aug 1981. 3. Johnston RS, Dietlein LF, Berry CA (eds): Biomedical 

% Results of Apollo. Washington, DC, NASA, 1975, p 63. 
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ACTIFED® Tablets and Syrup 


DESCRIPTION: Each scored tablet contains triprolidine hydrochloride 
(Actidil" ) 2.5 mg and pseudoephedrine hydrochloride (Sudafed" ) 60 mg. 
Each 5 ml teaspoonful of the syrup contains triprolidine hydrochloride 
1.25 mg and pseudoephedrine hydrochloride 30 mg. 


INDICATIONS AND USAGE: For the symptomatic treatment of seasonal 
and perennial allergic rhinitis. 


CONTRAINDICATIONS: Use in Newborn and Premature Infants: Actifed 
should not be used in newborn or premature infants. 


Use in Lower Respiratory Disease: Actifed is contraindicated for the 
treatment of lower respiratory symptoms including asthma. 


Actifed is also contraindicated in the following conditions: Hypersensitivity 
to: 1) triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine. 


Monoamine oxidase (MAO) inhibitor therapy (see Drug Interaction 
Section) 


WARNINGS: Actifed should be used with considerable caution in patients 
with: Increased intraocular pressure (narrow angle glaucoma); stenosing 
peptic ulcer; pyloroduodenal obstruction; symptomatic prostatic 
hypertrophy; bladder neck obstruction; hypertension; diabetes mellitus; 
ischemic heart disease and hyperthyroidism. 


Use in the Elderly (approximately 60 years or older): Antihistamines 
are more likely to cause dizziness, sedation and hypotension in elderly 
patients. This age group is also more likely to have adverse reactions 
to sympathomimetics. 


PRECAUTIONS: 


General: Actifed should be used with caution in patients with a history of 
bronchial asthma. 


Information to Patients: Patients should be cautious about engaging in 
activities requiring mental alertness such as driving a car or operating 
appliances, machinery, etc. Triprolidine has additive effects with alcohol 
and other CNS depressants (hypnotics, sedatives, tranquilizers, etc.). 


Drug Interactions: MAO inhibitors prolong and intensify the anti- 
cholinergic (drying) effects of antihistamines and overall effects of 
sympathomimetics. 


Triprolidine has additive effects with alcohol and other Central Nervous 
System (CNS) depressants (hypnotics, sedatives, tranquilizers, etc.). 


Sympathomimetics may reduce the antihypertensive effects of 
methyldopa, guanethidine, reserpine, decamylamine and veratrum 
alkaloids. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Long term 
studies in animals have not been performed to evaluate 
carcinogenic potential of the active ingredients of Actifed. 


Pregnancy: Teratogenic Effects: Pregnancy Category B. Reproduction 
studies consisting of teratology studies have been performed in rats and 
rabbits at doses up to 70 times the human dose and have revealed no 
evidence of impaired fertility or harm to the fetus due to the combination 
of triprolidine and pseudoephedrine. There are, however, no adequate and 
well-controlled studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response this drug should be 
used during pregnancy only if clearly needed. 


Nursing Mothers: Because of the higher risk of antihistamine and 
sympathomimetic amines for infants generally and for newborn and 
premature infants in particular, therapy with Actifed is contra- 
indicated in nursing mothers. 


Pediatric Use: See “CONTRAINDICATIONS” section. 


ADVERSE REACTIONS: The most frequent adverse reactions are 
underlined: 


General: Dryness of mouth, dryness of nose and dryness of throat, 
urticaria, drug rash, anaphylactic shock, photosensitivity, excessive 
perspiration, chills. 


Cardiovascular System: Hypotension, headache, palpitations, 
tachycardia, extrasystoles. 


Hematologic System: Hemolytic anemia, thrombocytopenia, 
agranulocytosis. 


Nervous System: Sedation, sleepiness, dizziness, disturbed coordination, 
fatigue, confusion, restlessness, excitation, nervousness, tremor, irritability 
insomnia, euphoria, paresthesia, blurred vision, diplopia, vertigo, tinnitus, 
acute labyrinthitis, hysteria, neuritis, convulsions, CNS depression, 
hallucination. 


G.I. System: Epigastric distress, anorexia, nausea, vomiting, 
diarrhea, constipation. 





G.U. System: Urinary frequency. difficult urination, urinary retention, 
early menses. 


Respiratory System: T*ickening of bronchial secretions, tightness of 
chest and wheezing, nasal <uffiness. 


OVERDOSAGE: Since @ctied is comprised of two pharmacologically 
different components, itis Cifficult to predict how an overdose will be 
manifested in a given individual. Reaction to an overdose of Actifed Tablets 
may vary from CNS depres ion to stimulation. Stimulation is particularly 
likely in children. 


Adrenergic-receptor bleckiag agents are antidotes to pseudoephedrine. 
In practice, the most us=ful is the beta-blocker propranolol, which is 
indicated when there ar= signs of cardiac toxicity. There is no specific 
antidote to triprolidine. Histamine should not be given. 


Administration of activated =harcoal will help reduce the absorption of 
triprolidine if given witha 1 hour of ingestion. If instituted within 

4 hours of overdosage, the:apy is initially aimed at reducing further 
absorption of the drugs_ If vomiting has not occurred spontaneously the 
patient should be indueed © vomit. This is best done by having him drink a 
glass of water or milk, then making him gag. Centrally acting emetics are 
likely to be less effectivethan usual in view of the anti-emetic action of 
antihistamines. Gastricasperation and lavage may be carried out up to 

4 hours after ingestion ` lage amounts of milk were given beforehand. 
Either isotonic or half isotonic saline may be used for lavage. 


Saline cathartics such a Milk of Magnesia, by drawing water into the gut, 
help to dilute the conce tretion of the drug in the bowel and hasten its 
elimination. 


In severe cases of overcosege it is essential to monitor both the heart 
(by electrocardiograph? and plasma electrolytes and to give intravenous 
potassium as indicated by hese continuous controls. Vasopressors may 
be used to treat hypotemsicn, and excessive CNS stimulation may be 
counteracted with paremtezal diazepam. Stimulants should not be used. 


DOSAGE AND ADMINISTRATION: DOSAGE SHOULD BE 
INDIVIDUALIZED ACCORDING TO THE NEEDS AND THE RESPONSE 


OF THE PATIENT. 
Tablets Syrup 
teaspoonfuls (5 ml) 
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Adults and children ‘2 
years and older 


Children 6 to 12 years 
Children 4 to 6 years 
Children 2 to 4 years 


Children 4 months tc 
2 years 
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HOW SUPPLIED: 
Actifed" Tablets — Battles of 100 and 1000: unit dose pack of 100. 
Actifed* Syrup — Botties of 1 pint and 1 gallon. 


Unit of Use: 
Tablets — Bottles of 3D ard 90 with child-resistant cap. 
Syrup — 4 oz. bottle wth -hild-resistant cap. 


IN THE NASA SPACE 
MEDICINE KIT SINCE 1968. 
Now part o` the 

Space Shuttle Era. 


ACTIFED Tablets/Syrup 


Each scored tablet camtams ACTIDIL" (triprolidine HCl) 2.5 mg and 
SUDAFED " (pseudoephedrine HCI) 60 mg. Each 5 ml teaspoonful of 
syrup contains ACTID'L" 1.25 mg and SUDAFED " 30 mg. 


Burroughs Wellcome Co. 
Research Triangle Park 
North Caroliaa 27709 
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The Gottschalk Nasostat 
completely replaces posterior packs 
and Foley catheters for positive 
control of posterior bleeders. 


SAFE The only epistaxis balloon which is self- 
retaining, and prevents posterior slippage by 
way of its unique non-collapsible design. 
EFFECTIVE Controls bleeding from branches 
of sphenopalatine artery without anterior packs 
by compressing the artery as it enters the 

nasal cavity. 

EASY Less than half the diameter (3/32 inch) 
of other balloons, making insertion easy and 
less traumatic. 


FAST Controls most bleeders within minutes. 


VERSATILE May be used with anterior 
packing to control ethmoid bleeders. 


New slimline model now in 3 sizes. 
Adult, small, and pediatric; illustrated 

actual size. The original large and 

regular sizes are still available. 


only nasal balloon proved safe 


forepistaxis control 


Write or call today for additional information. 


SPARTA INSTRUMENT CORPORATION 


26602 CORPORATE AVENUE, HAYWARD CA 94545 
415-887-7717 / TOLL FREE 800-227-0674 
TWX: 910-383-2017 EMSSPARTA HYWD 


Exclusive distributors of the Gottschalk Nasostat 








Drixoral 


brand of dexbrompheniramine maleate 6 mg. 
and pseudoephedrine sulfate 120 mg. 


Sustained-Action Tablets opens 

the way...in nasal/sinus congestion 
and blocked eustachian tubes...in 
sneezing, runny nose, itchy eyes, and 
other allergic symptoms...for up to 

24 hours with convenient b.i.d. dosage 


Clinical Considerations: 

INDICATIONS DRIXORAL Sustained-Action Tablets are indicated for 
the relief of symptoms of uppe r respiratory m \ucosal congestion In sed- 
sonal and pere n nial nasal allergies, acute rhinitis, rhinosinusitis, and 
eustachian tube blockage 


CONTRAINDICATIONS Hype Eten to dexbrompheniramine 


male ale or other ant stamines of similar chem ca! Structure or to 
pseudoephedrine contraindicates fe use of DRIXORAL Sustained-Actior 
Tablets 

Antihistamines should not be used ti a lower respiratory tract symp 
toms. Antihistamines are also cor Wraindi f use if njunction with 
monoamine oxidase (MAO) inhibitor con 

Pseudoephedrine s jItate s contraindicated in patients who have showr 
nypersensitivity or idiosyncrasy to adrenergic agents, which may be mani- 
fested by inson nia dizi ness weakness, tremor, or arrhythmias. In 
patient with se vere hypertensi n, severe coronary artery disease Ta 
thyroidism, and in those receiving MAO inhibitor therapy or with vin 10 days 
! Stopping such treatment, symf vathor nimetic amines are itraindicated 


WARNINGS Dexbrompheniramine, as with all antihistamines. should 
be used with caution in patient: 5 with narrow angle glaucoma, stenosing 
DY ron nena | ah fr tion symntomat r) PRI 


nontir Ta f Ha s hunnrte 
VEL Jicer prosta nypert 





37 
hy, and bladder neck obstrut tion. Overd eaj I antihistamines may 
cause hallucinations, convulsions, or death, especially in infants and 
hildren 
Products containing dexbrom pheniramine maleate have additive effects 
with alcohol and other CNS depressants (hypnotics, sedatives, tranquil- 
zers, etc.). Patients should not engage in activities requiring mental alert 
ness, such abe ving a Caf or Operating machinery 
Antihistam re more likely to cause dizziness, sedation, and hypo 
tens In eigeriy pal ents (approximately 60 years or older) l 
in patients with prostatic enlargements, pseudoephedrine may increase 


difficulty in mict 


Jrition. In patients with narrow ar + glaucoma it may 
precipitate hy sg osure It should also be used caution and ata 
ower dosage in the elderly, who are more sensi itive to! the : CNS stimulating 
ects of the drug which may result in confus rium, hallucinations 
and convulsions. The safe use Mt a short-acting sympathomimetic, particu- 
larly in the elderly patient, s ould be demonstrated before considering the 

ena USI tal ‘g-a nor tab ; 


PRECAUTIONS General: Dexbre tal thal nine maleate has an 
itropine-like action and therefore products containing it should be used 

caution in patients with a Nis tory tiie hial asthma eee tale 
she ular pressure: hyperthy idism cardiovascular disease 


mnertension 
YC U 


wi UU [ 


Pseudoephedrine should be used with caution in patients with hyper- 
tension, diabetes mellitus, ischemic heart disease, angina, or in patients 
receiving digitalis l 

Jse in Pregnancy: DRIXORAL Sustained-Action Tablets should not be 
administered in the first and second trimesters of pregnancy intil s Safely of 


their use during this period is established. However, dexbrompheniramine 
maleate should not be used in the third trimester of pregnan y because 
newborn and premature infants may have severe reaction: mr “a on- 


cing 


VUISIONS, [0 a : 
Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Caution should be exercised when DRIXORAL Sustained- 
Action Tablets are admir gon to a nursing woman because: certain anti 
histamines are known to be excreted in human milk: dexbrompheniramine 
maleate is contraindicated in newborn and premature infants: there is a 


ntinistan ne 


report of irritability, excessive cry ng, ano disturbed ‘sleeping patterns ina 
nursing infant whose mother had laken a produt p eea dexbrom- 
pne niramine maleate and pseudoephedrine 

Pediatric Use: Safety and effe ectiveness n children below the age of 12 


years have not heer n establ ished 


ADVERSE REACTIONS Dexbr shyla ine maleate 


Slight to to moderate drowsine the most freg quent side effect of dex- 
brompheniramine maleate Other sible side effects of antihistamines 

General: urticaria, drug rash, ar nitinol shock, photosensitivity 
excessive perspiration, chills, dryness of mouth, nose, and throat 

Cardiovascular Systerr headache ‘palpi tations, tachycardia, extrasys- 
toles, hypotension 

Herr lal olog iC System her olyti anemia hyo plastic anemia thr ymbo- 


Cyl opel nia agrant U \cytos 

Nervous System: sedation ged vertigo, tinnitus, acute labyrin- 
thitis, disturbed coordination, fatigue, contusion, restlessness, excitation 
ervousness, vig rritability, insomnia euph Xia, paresthesias, blurred 
VISION hysteria neuritis, convulsions 

Gastrointestina Syst: m: epigastric distress, anorexia, nausea, vomit- 


ng, diarrhea, constipation 

Genitourinary System: urinary trequency, difficult urination, urinary 
retention, early menses 

Respiratory System: thickening of bronchial secretions tightness of 
chest, wheezing, nasal stulfiness 


Pseudoephearine sulfate 
Pseudoephedrine, like other sympathomimetic amines, may cause dis- 
turbing reactions, such as fear, anxiety excessive p perspiration tenseness 
Stlessness, throbbing headache, tremor, weakness, dizziness, nausea 
pallor dysuria, respiratory diffic uty ptt bereg: ta hycardia, and insom- 
nia. H yperthyr¢ zid and hypertensive individuals are particularly susceptible 


to the untoward and pres Sor resp onses ol pseudoephe edrir le, which may 
also indui e angina, hypertension, and cardiac arrhythmias. Sympathomi- 


metics have also p roduced C A iS depression and cardiovascular pei 
with accompanying hypot n. inp sth Otic Individuals, existing 


symptoms are often markedh y exaggeral ted by the drug Tt re elderly are par- 


} the SAIC c 


icularly sensitive to the CNS stimulating e fects and hallucinations and 
convulsions have occurred. Symptoms of unusual sensitivity to the effects 
of pseudoephedrine have been reported in an infant with phenylketonuria 
11808131 MAY 1980 
For more complete details, consult package insert or 

Schering literature available from your Schering Representative 
or Professional Services Department, Schering Corporation, 
Kenilworth, New Jersey 07033. SLS-638 
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Drixoral 


brand of dexbrompheniramine maleate 6 mg. and pseudoephedrine sulfate 120 mg. 


Sustained-Action Tablets 
antihistamine/decongestant action 


opens the way 
and delivers 


relief in upper 
respiratory 
congestion 


See Clinical Considerations section on opposite page. 
Copyright ©1980, Schering Corporation. All Rights Reserved 
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Product Number 16-10000 (Prosthesis) 2g 
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ts Pending 


Restores Intelligible Speech 


Simple Fistula Procedure Bee 
Universal Size 


Easily Removed and Inserted by Patient 
Excellent Clinical Results * 


Now available exclusively from Xomed. For further 
information or to place an order, call or write today. 


* Panje, William R. Prosthetic Vocal Rehabilitation Following Laryngectomy. 
Ann Otol Rhinol Laryngol 1981 Vol. 91 (Mar.-Apr.). 

Xomed, Inc. 

8641 Baypine Rd., Jacksonville, Fl. 32216 

Call toll free 1-800-874-5797 

In Alaska, Hawaii or Florida call collect 

(904) 731-7109 

TWX 810-827-6439 

Xomed Canada 


106 East Dr., Brampton, Ontario L6T-1C1 
(416) 791-3665 
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BONE RESORPTION IN HUMAN CHOLESTEATOMAS 


PAUL BRETLAU, MD 
MARTIN B. JØRGENSEN, MD 


CHRISTIAN H. SØRENSEN, MD 
ERIK DABELSTEEN, DDS 


CCPENHAGEN, DENMARK 


In vivo studies of different aspects of bone resorption :n human cholesteatomas-are described in the immunodeficient “nude” mice. 
Cholesteatoma membranes were transplanted into the middle ear cavities of the mice. After 21-28 days, growth of cholesteatoma tissue 
could be demonstrated in 8 of 13 animals. In 7 of these 8 animals bone resorpton of the labyrinthine wall and ossicles could be 
demonstrated; resorption with acute inflammation was found in only two animals. Phe cellular mechanism in relation to bone resorption 


is discussed. 


The mechanism of bone resorption in chronic 
otitis media, with or without cholesteatoma, has 
not yet been fully clarified. Clinical observations' 
show that bone resorption nearly always is found 
together with or is said to be a result of infection, or 
that the cholesteatoma itself is supposed to eause 
destruction by pressure. Our previous histopatho- 
logical examinations’? have shown that acute in- 
flammation is not necessarily a part of the bone 
resorption picture in chronic otitis media, anc that 
the cholesteatoma membranes with the subepi- 
thelial connective tissue play an important role. 


In the otological liteature many investigators 
have produced cholesteatomas experimentally in 
different animals using different chemical and 
biological agents. The beautiful experimental work 
by Fernandez and Lindsay,* Friedmann,*® and 
Riiedi’ have all confirmed Habermann’s immigra- 
tion theory of the pathogenesis of epidermoid 
cholesteatoma. The question whether the mesen- 
chyme plays an important role in formation of 
epidermoid cholesteatoma has been raised by Fried- 
mann,® and lately Steinbach and Griinimger’ 
showed that the connective tissue of the pars flac- 
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cida is a ceeisive factor in the genesis of cholestea- 
toma. In a recent paper"? we have shown how im- 
munodefi=ient “nude” mice could be used in study- 
ing human cholesteatomas in vivo. This paper 
presents the results of transplanting human choles- 
teatoma membranes into the middle ear cavities of 
nude mice 


MATERIAL AND METHODS 


Human e=oksteatoma membranes, including the subepithelial 
tissue, obtaimed during surgery from ten patients between 5 and 
67 years of awe were transplanted into the middle ear cavity of 13 
Nu/Nu nude mice. The specimens were stored for transportation 
to the laboratory in tissue culture medium 1640 with penicillin, 
streptomycis and gentamicin and trimmed to 2 x 2 mm pieces 
before they were transplanted. Recipients were anesthetized in- 
traperitoneaily with Epontal, and an incision was made through 
the skin intc the anterolateral region of the neck. The bulla on the 
right side was opened, the cholesteatoma tissue was placed into 
the middle «ar cavity and the incision closed with a suture and 
Histoacryl. 


The animals were followed clinically for 21-28 days, and after 
sacrificing, "ie head was fixed in 10% neutral formalin and pro- 
cessed for histological examination. After decalcification in for- 
mic acid and embedding in celloidin each animal head was cut 
horizontally in 15 p sections and stained with hematoxylin and 
eosin. In th way both ear cavities were on the same slide and the 
unoperated-ear served as a control (Fig. 1). 


Fig. 1. Transplanted cholesteatoma 
ine bannes (arrow - CHOL) in the tym- 
panic cavity (TC) on the right side of a 
nude mouse. EEC - External ear canal; 
TM - Tympanic membrane. (H & E, x 
12) 


From the University ENT Department, Gentofte Hospital; the Oto-pathological Departement, Rigshospitalet; the Departments of Oral Diagnosis and 
Oral Pathology, The Royal Dental College; and the Department of Pathology, Commumity Hospital, Copenhagen. 


REPRINTS - Paul Bretlau, MD, University ENT Department. Gentofte Hospital, DK 2990 Hellerup, Denmark. 
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RESULTS 


In 8 of 13 animals growth of cholesteatoma tissue 
in the middle ear cavity could be demonstrated; 
very often it filled most of the middle ear cavity 
(Fig. 2), indicating considerable growth from the 
original 2 x 2 mm transplanted pieces. In the re- 
maining five animals one cholesteatoma was seen 
growing in the muscle tissue in close relation to the 
middle ear cavity and in four cases the cholestea- 
toma membranes failed to grow. 


In analyzing the histological sections we have 
been mainly interested in inflammation and/or 
bone resorption (the table). 


Inflammation. In the eight animals where the 
cholesteatoma grew as a tumor in the middle ear 
cavity, acute inflammation occurred in only three 
ears. In five animals without cholesteatoma 
growth, acute inflammation was found in three 
ears, probably as a result of the surgical procedure. 
In these cases most of the middle ear cavities were 
filled with granulocytes in pus. 


Bone Resorption. In 7 of 8 mice showing choles- 
teatoma growth in the middle ear cavity it was pos- 
sible to show a close relation between the cholestea- 
toma tissue and the bony labyrinthine wall or the 
ossicles (Fig. 2A). Epithelial cells producing keratin 
invaded the bone, resulting in destruction of the 
bony tissue, sometimes with epithelial cells placed 
deeply under the bony surface (Figs. 2B amd 3). In 
the light microscope no multinuclear osteoclasts 
could be demonstrated, but instead mononuclear, 
noninflammatory cells were seen along the eroded 
bone in the middle ear cavity (Figs. 4 and 5). Bone 
destruction could be demonstrated in five animals 
with no sign of acute inflammation (the table). 
Bone destruction with inflammation could be seen 
in only two animals, and in these the bony de- 








Fig. 2. A) Extensive growth of cholesteatoma 
tissue (CHOL) in the tympanic cavity involving 
the bony labyrinthine wall (arrow) and the os- 
sicles. C - Cochlea. (H & E, x 25) B) Detail of A 
showing epithelial cells invading the bone (ar- 
row). (H & E, x 80) 


struction seemed to be more extensive than in the 
five animals without inflammation (Fig. 3). One 
animal, however, showed acute inflammation with 
no sign of bone destruction or resorption in spite of 
considerable growth. 


In the observation period it was not possible to 
show any relationship between the activity and 
growth of the cholesteatoma and the patient's age. 


DISCUSSION 


In discussing bone resorption or bone destruction 
in chronic cholesteatomatous otitis media the most 
important factors are the subepithelial connective 
tissue reactions and the accompanying infection. 
Both the organic (collagen, water, mucopolysac- 
charides and protein) and the inorganic (calcium 
phosphate, carbonate, and citrate) parts of the bone 
have to be resorbed, and such resorption requires 
enzymatic activity derived from living cells. Pro- 
staglandins,'''* collagenase,'*:'* and lysosomal en- 
zymes'* appear to be active. We have previously 
shown '* that mononuclear cells in the subepithelial 
connective tissue can be identified at the bone re- 
sorption margin, and recently Gantz et al' have re- 
ported immunohistochemical and immunocyto- 
chemical evidence confirming the destructive pro- 
portions of granulation tissue. 


In bone the mineral protects the collagen from 
denaturation and proteolytic attack; therefore a 


HISTOLOGICAL FINDINGS IN NUDE MICE 
WITH TRANSPLANTED CHOLESTEATOMA (N = 13) 


Bone No Bone 
Resorption Resorption Necrosis Total 
Inflammation 2 l 3 6 
No rie of 
inflammation 5 0 2 i 
Total | l 5 13 
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mechanism for prior removal of mineral ions must 
be operative in both normal and pathological situa- 
tions to permit degradation of the collagenous 
matrix. This process of demineralization must be 
closely followed by matrix resorption, since exten- 
sive denuding of the collagen has not been ob- 
served.'? Under resorptive stimulus the bone cells 
produce considerable amounts of acid, mostly lac- 
tic, and to a lesser extent citric acid, due to 


Fig. 3. A) Cholesteatoma membranes with 
epithelial cells invading the bony labyrinthine 
wall and placed under the bony surface. TC - 


Tympanic cavity. (H & E, x 80) B) Detail of A. 
MC - Mononuclear cells. (H & E, x 110) 


glycolytic activity. The lowering of the pH makes 
the calemm phosphate salts of the mineral easily 
soluble. Removal of the decalcified collagen matrix 
may be accomplished by either a specific neutral 
protease (collagenase) or digestion by nonspecific 
lysosome. acid hydrolases after denaturation by 
local accumulation of metabolic acid. Cellular 
localizatior of collagenase identifies the organic 
component of bone resorption, whereas the cellular 





Fig. 4. A) Cholesteatoma in the tympanic ca- 
vity (TC) localized between the tympanic mem- 
brane (TM) and the labyrinthine fe (H & E,x 
25). B) Detail of A. Note the eroded bone (ar- 
row). No sign of infection. (H & E, x 85) 
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localization of lysosomal enzymes delineates cells, 
most likely involved in both organic and inorganic 
phases of bone resorption. Both mechanisms have 
been shown to exist in chronic otitis media, where 
Abramson’? and Abramson and Gross'* have 
demonstrated collagenolytic activity at neutral pH 


in chronic otitis media, whereas we'> have 


demonstrated that the marker enzyme for lysosomal 
activity, the acid phosphatase, is present in large 
quantities along the eroded bone in the middle ear, 
both intracellularly in mononuclear cells as well as 
extracellularly. 


Regarding the question of which cell or cells are 
responsible for bone resorption, there are several 
possibilities. It is generally accepted that the multi- 
nuclear osteoclast with its lysosomal hydrolases, is 
capable of and responsible for normal bone resorp- 
tion. The osteoclast with its well developed “ruffled 
border” has an extensive area of contact with the 
bone which enhances its resorption capacity. How- 
ever, other cells have also been suggested as being 
capable of bone resorption. Several authors have 
presented evidence suggesting that the osteocytes 
are capable of bone resorption,'®'* while Camer- 
on'® indicated that endothelial cells may be im- 
plicated. The role of the mononuclear histiocyte has 
previously been suggested by us.'*?°?! Gantz et al’® 
demonstrated collagenase activity in mononuclear 
inflammatory cells (macrophages, lymphocytes, 
and plasma cells); in this and in our previous works 
the multinucleated osteoclast in close relation to the 
resorbing zone in chronic otitis media was not de- 
monstrated. This observation has also been made by 
Abramson et al? and Gantz et al,'® who state that 
multinucleated osteoclasts were an infrequent find- 
ing in the area of bone resorption. 


Fig. 5. A) Cholesteatoma in the tympanic ca- 
vity (TC) in close relation to ossicles and bony 
labyrinthine wall (arrows). (H & E, x a B) De- 
tail of A. Mononuclear cells destroying the laby- 
rinthine wall (arrow). (H & E, x 80) 


It has been demonstrated that inflammation, 
with or without infection, is a major factor in bone 
resorption.''® In our work'® we demonstrated that, 
on the microscopic level, there is no difference in 
the cellular picture whether cholesteatoma is pre- 
sent or not. But it must be emphasized that this does 
not exclude the possibility that the cholesteatoma 
may have an enhancing effect upon the resorptive 
process. We demonstrated a very high enzymatic 
activity in the squamous epithelium itself,’* and it is 
likely that this may influence the amount of resorp- 
tion present in cholesteatoma. 


In a recent experimental investigation’? we 
showed how transplanted cholesteatoma mem- 
branes subcutaneously continue to grow. In this 
study the epithelial cells not only continued to pro- 
duce keratin, but in the majority of the animals the 
subepithelial tissue showed no sign of inflamma- 
tion, and probably through mononuclear nonin- 
flammatory cells, acted upon the bony margin, 
resulting in resorption. This observation is contra- 
dictory to Sadé and Halevy,' who after a clinical 
study felt that squamous epithelium played no role 
in bone resorption. How do the epithelial cells in- 
fluence bone resorption? This question has been in- 
vestigated by Gantz et al'’ who found that granula- 
tion tissue from the subepithelial layer of the choles- 
teatoma is capable of chemically activating bone 
resorption in vitro, and that keratinized squamous 
epithelium of skin did not influence bone resorp- 
tion: These authors demonstrated that it was pro- 
staglandin that was the chemical mediator respon- 
sible for producing demineralization of the bone, 
thus playing an active role in localized bone resorp- 
tion in chronic middle ear disease. Abramson and 
Huang” demonstrated that in animal experiments 
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the presence of epithelium, though not crucial, 
greatly increases the incidence of cochlear fistulas, 
and they believe that the epithelium functions to 
maintain the connective tissue in a chronic inflam- 
matory state. This is in agreement with our findings 
showing a more marked bone resorption in those 
animals who also showed acute inflammatory re- 
action, than in those without sign of acute inflam- 
mation. But our definite findings of bone resorption 
without inflammation seem to suggest that living 
epithelial cells with subepithelial tissue in them- 
selves are capable of producing bone destruction, 
probably as a result of enzymatic activity. Can 
other cells be responsible for the bone resorption? It 
has recently been shown” that a factor released by 
lymphocytes can stimulate collagenase in vivo in 
rheumatoid synovial cells and thereby be involved 
in cartilage resorption. Lymphokines produced by 
T-lymphocytes may also be important for the ini- 
tiation of inflammatory bone breakdown. But the 


nude mice have no thymus and are therefore lack- 
ing T-lymphocytes and a cell-mediated immune re- 
sponse. The absence of this system in the animal 
model seems to point to another cellular resorption 
mechanism, probably involving mononuclear cells. 


In summary, both clinical and nonclinical re- 
search indicate that cholesteatoma and squamous 
epithelium directly and indirectly enhance bone 
resorption in chronic otitis media. Opinions about 
the effect. however, are conflicting, suggesting the 
need for further research. An animal model using 
nude mice with implanted living human cholestea- 
tomatous tisue in the middle ear cavity can provide 
more information about the growth and activity of 
cholesteatomas. Identifying which cells and the 
kind of biochemical activity involved in bone re- 
sorption can probably tell us how to avoid com- 
plications in chronic otitis media, with or without 
cholesteatoma. 


ACKNOWLEDGMENTS — The authors want to express their thanks to J. Rygaard, MD, Cħief of the Department of Pathology, Community Hospital, 
Copenhagen, for his kind help and for laboratory facilities for the animals. The authors would also like to thank Jytte Kremer, Lise Solvbjerg, Lene 
Richter, and Bodil Collatz for their invaluable assistance in preparing the animals, histological sections, and photographs. 


REFERENCES 


l. Sadé J, Halevy A. The aetiology of bone destruction in 
chronic otitis media. J Laryngol Otol 1974; 88:139-43. 


2. Thomsen J, Bretlau P, Kristensen HK. Bone resorption in 
chronic otitis media: a light microscopical and histochemical in- 
vestigation of acid phosphatase activity. Acta Otolaryngol 
(Stockh) 1975; 79:400-4. 


3. Thomsen J, Bretlau P, Jorgensen MB. Bone resorption in 
chronic otitis media: the role of cholesteatoma, a must or an ad- 
junct? Clin Otolaryngol 1981; 6:179-86. 


4. Fernandez C, Lindsay JR. Aural cholesteatoma: ex- 
perimental observations. Ann Otol Rhinol Laryngol 1960; 
70:1119-41. 


5. Friedmann I. Epidermoid cholesteatoma and cholesterol 
granuloma: experimental and human. Ann Otol Rhinol Laryngol 
1959; 68:57-79. 


6. Friedmann I. The pathology of the ear. Oxford: 
Blackwell, 1974. 


7. Riiedi L. Cholesteatoma formation in the middle ear in 
animal experiments. Acta Otolaryngol (Stockh) 1959; 50:233-42. 


8. Friedmann I. The pathology of epidermoid cholesteatoma: 
human and experimental In: McCabe BF, Sadé J, Abramson M, 
eds. Cholesteatoma: first international conference. Birmingham: 
Aesculapius Publishing Co, 1977:10-22. 


9. Steinbach E, Griininger G. Experimental production of 
cholesteatoma in rabbits by using non-irritants (skin tolerants). J 
Laryngol Otol 1980; 94:269-79. 


10. Bretlau P, Dabelsteen E, Holmstrup P. A method for 
studying cholesteatomas in vivo: with special attention to 
epithelial-mesenchymal interaction. Clin Otolaryngol 1981; 
6:81-5. 


11. Gantz B, Clancey C, Abramson M. Decalcification factors 
in granulation tissue and ear canal skin. In: McCabe BF. Sadé J, 
Abramson M, eds. Cholesteatoma: first international con erence. 
Birmingham: Aesculapius Publishing Co, 1977:167-9. 


12. Bernstein J, Hausmann E, Wright J. Middle ear disease 
release of soluble factor (S) stimulating bone resorption. in: Mc- 
Cabe BF, Sadé J, Abramson M, eds. Cholesteatoma: first interna- 


tional conference. Birmingham: Aesculapius Publishing Co, 
1977: 152-61. 


13. Abramson M. Collagenolytic activity in middle ear 
cholesteatoma. Ann Otol Rhinol Laryngol 1969; 78:112-24. 


14. Abramson M, Gross J. Further studies on a collagenase in 
middle ear cholesteatoma. Ann Otol Rhinol Laryngol 1971; 
80:177-85. 


15. Thomsen J, Bretlau P, Jorgensen MB, Kristensen HK. 
Bone resorption in chronic otitis media. In: McCabe BF, Sadé J, 
Abramson M, eds. Cholesteatoma: first international conference. 
Birmingham: Aesculapius Publishing Co, 1977:136-48. 


16. Gantz BF, Maynard J, Bumsted RM, Huang CC, Abram- 
son M. Bore resorption in chronic otitis media. Ann Otol Rhinol 
Laryngol 1979; 88:693-700. 


17. Krame SM, Dayer JM. Goldring SR. Aspects of bone re- 
sorption. In: McCabe BF, Sadé J, Abramson M, eds. Cholestea- 
toma: first international conference. Birmingham: Aesculapius 
Publishing Co, 1977:102-14. 


18. Belanger LF. Osteocytic osteolysis. Calcif Tissue Res 1969; 
4:1-12. 


19. Camaron DA. Erosion of the epiphysis of the rat tibia by 
capillaries. J Bone Joint Surg (Br) 1961; 43:590. 


20. Chevance LG, Bretlau P, Jorgensen MB, Causse J. Otoscl- 
erosis: an electronmicroscopic and cytochemical study. Acta 
Otolaryngal (Stockh) 1970; Suppl 272. 


21. Bretlau P, Causse J, Jorgensen MB, Chevance LG. Histio- 
cytic activity in otosclerotic bone. Arch Otorhinolaryngol (NY) 
1971; 198:301-16. 


22. Abramson M, Asarch RG, Litton WB. Experimental aural 
cholesteatoma causing bone resorption. Ann Otol Rhinol Laryn- 
gol 1975; &4:425-32. 


23. Abramson M, Huang CC. Cholesteatoma and bone resorp- 
tion. In: McCabe BF, Sadé J, Abramson M, eds. Cholesteatoma: 
first internatienal conference. Birmingham: Aesculapius Publish- 
ing Co, 1977-162-6. . \ 


24. Daver JM, Russel RG, Krane SM. Collagenase production 
by rheumatoid synovial cells: stimulation by a human lymphocyte 
factor. Science 1977; 195: 181-3. 


Ann Otol 91:1982 


INNER EAR PATHOLOGY FOLLOWING INJURY TO THE 
EIGHTH CRANIAL NERVE AND THE LABYRINTHINE ARTERY 


ISAMU SANDO, MD, DMS 


PITTSBURGH, PENNSYLVANIA 


AKIRA OGAWA, MD, DMS 


TOKYO, JAPAN 


BRUCE W. JAFEK, MD, FACS 


DENVER, COLORADO 


Inner ear pathology following surgical section_ng of the eighth cranial nerve and labyrinthine artery in humans is compared histol- 
ogically to the pathology observed following severamce of the eighth cranial nerve. The case in which both the eighth cranial nerve and the 
labyrinthine artery were surgically severed revealed severe pathologic changes in the cochlea, including complete loss of the organ of Corti 
and moderate pathologic changes in the fairly well-preserved vestibular end-organs. Interestingly, the endolymphatic sac appeared to be 
normal. However, the second case in which the eigath cranial nerve was sectioned but the labyrinthine artery was preserved revealed the 
organ of Corti and vestibular end-organs to be well preserved and normal. These findings suggest that the blood supply from the labyrin- 
thine artery plays a major role in maintaining most of the structures in the inner ear except for the endolymphatic sac, and that the vestibu- 
lar end-organs are more resistant than the organ o` Corti to the effects of damage of the labyrinthine artery. 


Experimental studies have been performed in an- 
imals to determine the effects of surgical lesions of 
the labyrinthine artery and eighth cranial nerve on 
the inner ear structures.’ These studies concluded 
that, when the blood supply to the inne- ear is ob- 
structed, the organ of Corti and vestisular end- 
organs are the most vulnerable to degeneration and 
that such obstruction is followed by marked repara- 
tive changes in the inner ear.'* In cont-ast, when 
only the eighth cranial nerve is sectioned, with the 
blood supply to the inner ear being preserved, the 
sensory organs of the cochlear and vestibular laby- 
rinth are well preserved.'? 


To our knowledge, no reports have beer published 
on the human inner ear comparing the | istopatho- 
logic findings resulting from labyrinthine artery 
damage with those changes occurring ir the inner 
ear as a result of eight cranial nerve damage. The 
purpose of this paper is to present and discuss the 
results of histopathological examinations of the in- 
ner ears of two patients in whom either the labyrin- 
thine artery and eighth cranial nerve o- only the 
eighth cranial nerve were injured. We will also 
compare the inner ear pathology presert in these 
two patients to that seen in animals subjected to the 
experimental studies mentioned above. 


CASE REPORTS 


CASE 1 


A 48-year-old female who had had a history of d-zziness for a 
year was seen in January 1973. The patient stated -hat the diz- 
ziness was like a “woozy” feeling associated with a feeling of 


fullness in the back of her head and in her ears. She also noted tin- 
nitus in the right ear along with gradual hearing loss in that ear 
for 20 years. The physical examination performed at that time re- 
vealed that the external ear and tympanic membrane were nor- 
mal bilaterally. Detailed neurologic evaluation showed hypesthe- 
sia to pinprick in V,_; on the right with a decreased right corneal 
reflex. A positive right Hitselberger sign was found. Tuning fork 
testing was consistent with a right sensorineural loss. Motor func- 
tion was symmetrical with slightly hypoactive (1*) reflexes 
throughout. Cerebellar testing showed a poor tandem gait with a 
tendency to fall to the right. There was a positive Romberg with a 
tendency to fall backward to the right. One observer noted left- 
beating nystagmus. There was no papilledema. The audiological 
examination of the affected (right) ear showed a severe degree of 
sensorineural hearing loss (Fig. 1) characterized by a flat thresh- 
old pattern. The average hearing loss in the speech frequency 
range was 58 dB without loudness recruitment. Her speech recep- 
tion threshold was 55 dB and speech discrimination score was 
52%. There was evidence of tone decay in the right ear. The re- 
sults of all tests mentioned above were within normal limits for 
the left ear. Caloric testing (water irrigations at temperatures of 
44° and 30°C) showed no response in the right ear and normal 
response in the left ear. There was no spontaneous or positional 
nystagmus. Stenver’s views and plain films of the skull showed no 
enlargement of the internal auditory canals bilaterally. A pneu- 
moencephalogram, however, demonstrated a “large” (4 cm) right 
CPA tumor growing mainly dorsally with severe displacement of 
the pons to the left and moderately severe indentation of the right 
side of the fourth ventricle. An angiogram showed deviation of 
the adjacent vessels, but no “tumor stain.” The area of the tumor 
showed increased uptake with scanning following injection of 
technetium-99. Cerebral spinal fluid studies were not under- 
taken. A diagnosis of acoustic neurinoma in the right ear was 
made, 


On February 21, 1973, a right suboccipital craniectomy was 
performed and the major part of the tumor was successfully freed 
from the right eighth cranial nerve in the posterior cranial fossa 
and the internal auditory canal. The tumor was moderately large 
in size, indenting the cerebellar peduncle and pons to the extent of 
1-1.5 cm. During the operation, the tumor remaining inside the 
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Fig. 1. (Case 1) Audiogram obtained 40 days before the 
operation for removal of an acoustic tumor and eight 
months prior to the patient’s death. SRT: R 55 dB, L 10 
dB. Discrim: R 52%, L 100%. Tone decay test: R(4000 
Hz) - positive. 


internal auditory canal was coagulated. Histological examination 
of the tumor confirmed it to be an acoustic neurinoma: the surgi- 
cally removed specimen showed palisading of nuclei probably of 
Schwann cells. After the surgery, the patient’s clinical course was 
characterized by recurrent episodes of seizure activity. These seiz- 
ures were noted to be most frequent following events which pre- 
cipitated hypoxia. On May 25 she had a seizure and respiratory 
arrest from which she was successfully resuscitated. Her course 
improved and she was discharged. However, she had severe reac- 
tive suicidal depression, and was hospitalized in a psychiatric 
hospital, where she had several episodes of respiratory distress. 
On September 8, 1973, she died in severe respiratory distress. 


At the time of autopsy no recurrences of the acoustic neurinoma 
were evident. The temporal bones were removed from the refrig- 
erated cadaver 13 hours after death, fixed in 10% formalin solu- 
tion, decalcified, and embedded in celloidin. Serial herizontal 
sections were cut at 20u thickness. Every tenth section was stained 
with hematoxylin and eosin and studied under a light microscope. 


HISTOPATHOLOGICAL FINDINGS 
Right Temporal Bone. 


EXTERNAL AND MIDDLE EARS. The external auditory 
canal and the tympanic membrane were normal. In 
the facial canal the facial nerve, except for the 
geniculate ganglion cells and their nerve fibers, was 
severely degenerated. The other structures in the 
middle ear were essentially normal. 


INNER EAR. No inflammatory round cell infiltra- 
tion was observed. The most significant pathologi- 
cal finding in the cochlea was a total loss of the 
organ of Corti. In all turns of the cochlea the organ 
of Corti had been replaced by a single layer of squa- 
mous epithelium which overlay the basilar mem- 
brane (Fig. 2A-C). In the upper basal turn, dense 
connective tissue, which was separated from the 
scala media by a single layer of squamous epithel- 
ium, was observed to have replaced the organ of 
Corti; this tissue was confluent with the similar 
tissue which was seen to occupy the area of the 
spiral ligament (Fig. 2C). The tectorial membrane 
was absent (Fig. 2C), separated (Fig. 2B), or rolled 
and covered by squamous epithelium (Fig. 2D). 
The limbus demonstrated loss of the interdental 


cells in the upper basal turn. The stria vascularis 
was atrophic or absent in most of the turns (Fig. 2B, 
C). There was mild endolymphatic hydrops, par- 
ticularly in the apical turn (Fig. 2A). A moderate 
amount of eosinophilic precipitate was present in 
both endolymphatic and perilymphatic spaces, par- 
ticularly in the basal turn. In addition, fibrous con- 
nective tissue was present in the scala tympani in 
the upper basal turn, especially in the area where 
dense connective tissue had replaced the organ of 
Corti (Fig. 2C). The only cochlear nerve present 
consisted of a few nerve fibers to the upper cochlear 
turns. No intraganglionic spiral bundles were pres- 
ent. Fibro-esseous sclerosis was seen in Rosenthal’s 
canal and in the vascular channels of the modiolus, 
particularly in the area close to the basal turn of the 
cochlea (Fig. 2A). The cochlear aqueduct and the 
inferior cochlear vein were normal. 


In the vestibular system the maculae of the sac- 
cule (Fig. 2&) and the utricle and the cristae of the 
three semicircular canals were present but appeared 
to be atrophic. The epithelial lining of the endolym- 
phatic sac appeared to be normal (Fig. 2F). Eosino- 
philic precipitate was present in the endolymphatic 
space in the saccule, common crus, superior semi- 
circular canal, and endolymphatic sac. The vestibu- 
lar aqueduct and the vein in the paravestibular 
canaliculus seemed to be normal. 


INTERNAL AUDITORY CANAL. The orifice of the inter- 
nal auditory canal was completely shielded by scar 
tissue which was confluent with the late stage of 
granulatien tissue observed in the internal auditory 
canal. Inside the canal the seventh and eighth cran- 
ial nerve fibers were markedly decreased in num- 
ber. Ako present in the canal was a dense eosino- 
philic substance which appeared to be scar tissue re- 
placing the cochlear nerve (Fig. 2G). No labyrin- 
thine artery was evident, but a moderately large 
artery (8€ p in diameter) was seen to course from the 
geniculate ganglion area along the labyrinthine 
portion of the facial nerve to the internal auditory 
canal (Fig. 2H). 


Left Temporal Bone. 


EXTERNAL AND MIDDLE EARS. The external ear canal, 
the tympanic membrane, and the middle ear were 
normal. 


INNER =AR. The organ of Corti was present and 
well preserved. The tectorial membrane, the lim- 
bus, the stria vascularis, the spiral ligament, and 
Reissner s membrane were normal. No endolym- 
phatic rydrops was noted. In both endolymphatic 
and perilymphatic spaces neither fibrous connective 
tissue nor eosinophilic precipitate were observed. 
The spiral ganglion cells with their nerve fibers and 
intragamglionic spiral bundles were present. The 
cochlear aqueduct and the inferior cochlear vein 
were nermal. 
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Fig. 2. (Case 1) Right ear. A) The organ of Corti is absent (arrows) in all cochlear turns. There is endolymphatic hydrops 
(H) in the apical pass pee) ganglion cells are absent. Fibro-osseous sclerosis is seen in Rosenthal’s canal (R) and small 
ot the mo 


vascular channels (C diolus. Some of the vessels seen in the modiolus may well have been preserved during surgery 
to eliminate totally the labyrinthine artery while some may have been newly formed in the course of the postoperative repar- 
ative process. Interestingly, a few nerve fibers to the apical turn remain in the internal auditory canal even though their 

anglion cells and their nerve fibers in the osseous spiral lamina are absent. (H & E, x 11) B) Complete absence of the organ of 

orti (arrow) and somewhat atrophic stria vascularis in the basal turn are evident. (H & E, x 50) C) Upper basal turn of the 
cochlea demonstrates absence of the organ of Corti (large arrow) and stria vascularis (small arrow). Dense connective tissue 
has replaced the organ of Corti and part of the spiral ligament. (H & E, x 60) p The organ of Corti is absent and the tectorial 
membrane (arrow) is rolled and covered by a single layer of squamous epithelium. (H & E, x 130) E) Saccular macula (ar- 
row) is well preserved. (H & E, x 82) F) Epithelial lining of the endolymphatic sac is well preserved. (H & E, x 17) G) The or- 
ifice of the internal auditory canal is sealed completely by a layer of scar tissue (large arrow). A dense eosinophilic substance 
(N), which appears to be scar tissue replacing the cochlear nerve, is seen in the internal auditory canal. There was a focal 
hemorrhage (small arrow) in the scar tissue. (H & E, x N: H) An unusually large artery (large arrow), which takes its course 
from the geniculate ganglion area along the degenerated facial nerve (F) in the labyrinthine portion of the facial canal to the 
internal auditory canal, is observed. Note that the geniculate ganglion cells (G) and their nerve fibers (small arrow) appear to 


be normal. (H & E, x 15) 


Vestibular end-organs were present and were 
well preserved. There were no eosinophilic precipi- 
tates in the endolymphatic and _ perilymphatic 
spaces. The endolymphatic sac, vestibular aque- 
duct, and vein in the paravestibular canaliculus 
were normal. 


INTERNAL AUDITORY CANAL. The seventh and eighth 
cranial nerves, and the labyrinthine artery and its 
branches, were normal. 


CASE 2 


In May 1958 a 64-year-old male was seen for evaluation of in- 
termittent attacks of pain in the left ophthalmic and maxillary 
divisions. These attacks were characterized by superimposed, 
paroxysmal, lightning-like stabs of pain, and had been occurring 
for a year. A diagnosis of tic douloureux was made. An audiogram 
made on May 15, 1958, showed a moderate, bilateral hearing loss 
characterized by a descending audiometric pattern. The average 
hearing loss in the speech frequency range was 40 dB in the left 
ear and 50 dB in the right ear (Fig. 3). 


On May 22, 1958, the patient underwent surgery for partial 
sectioning of the left trigeminal sensory root through the posterior 
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Fig. 3. (Case 2) Audiogram obtained 12 days before the 
operation for incomplete posterior fossa sectioning of the 
trigeminal sensory root. 



















cranial fossa; during this procedure it was necessary to section the 
left eighth cranial nerve. After the operation, the patient 1ad a 
permanent total hearing loss in the left ear, disturbance of 
balance and gait, and a tendency to fall to the left. 


On October 23, 1974, 16 years after the surgery just described, 
the patient died of an extensive acute myocardial infarct at the 
age of 80. The temporal bones were obtained and were processed 
and studied as detailed for case 1. 





HISTOPATACLOGICAL FINDINGS 


Left Temporal Bone. 


EXTERNAL «ND MIDDLE EARS. No abnormalities were 
observed. 


INNER EAR. All basic structures of the organ of Cor- 
ti were easiby identifiable (Fig. 4A, B), and a nor- 
mal popu_ation of hair cells was present. The tec- 
torial membrane was flattened but present through- 
out the cochlea. The stria vascularis and the spiral 
ligament in -he lower turns appeared to be normal; 
however, th2se structures in the upper turns were 
somewhat atrophic. In the middle turn a dark blue- 
staining d=p sit was observed in the stria vascularis 
in a triangular space between the marginal cells and 
intermediate cells. The cochlear duct was collap- 
sed, more predominantly in the lower turns than in 
the upper turns. In most turns the spiral ganglion 
cells and their nerve fibers were decreased in num- 
ber, but tais was less obvious in the apical turn. A 
few intragamglionic spiral bundle fibers were pre- 
sent in Roser thal’s canal of the basal turn; however, 
no spiral bundle fibers were noted in the remaining 
cochlear turns. The cochlear aqueduct was dupli- 


Fig. 4. (Case 2) Left ear. A) Most of the cochlear“ nerve in the modiolus is abs2nt. Note that the organ of Corti is well pre- 
served in all cochlear turns; however, Reissner’s membrane is collapsed, especiall 7 in the lower turns. (H & E, x 12) B) Upper 
half of the second turn of the cochlea has a well preserved organ of Corti (arrew). In this particular area, a moderately atro- 
phic stria vascularis, flattened tectorial membrane, end relatively collapsed Reismer’s membrane are also seen. (H & E, x 64) 
C) Well-preserved labyrinthine arteries (small and large arrows) may be noted, ceursing along with the degenerated cochlear 
and saccular nerves in the internal auditory canal. Large arrow - Main cocnlear artery. Small arrow - Vestibulocochlear 
artery. (H & E, x 8) D) High-power view of the main cochlear artery (arrow) seen in C. (H & E, x 42) 
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cated for a portion of its course. The inferior coch- 
lear vein was normal but for a short distance ran 
out of the otic capsule under the mucous membrane 
of the middle ear. 


The maculae of the utricle and the saccule and 
the cristae of the three semicircular canals appeared 
to be normal. The epithelial lining of the endolym- 
phatic sac was normal. However, an eosinophilic 
precipitate was observed in the endolymphatic 
space and some fibrous connective tissue was pres- 
ent in the subepithelial layer. The vestibular 
aqueduct and the vein in the paravestibular canali- 
culus were normal. 


INTERNAL AUDITORY CANAL. Only a few fibers of the 
cochlear and vestibular nerves were present, but the 
facial nerve was normal. A striking finding was that 
the labyrinthine artery and its branches were well 
preserved and appeared to be intact (Fig. 4C, D). 


Right Temporal Bone. 


EXTERNAL AND MIDDLE EARS. It was impossible to 
evaluate the external ear and the middle ear be- 
cause of the presence of preparation artifacts. 


INNER EAR. The organ of Corti was well preserved, 
as were the hair cells. The cochlear duct was nor- 
mal in contour. The stria vascularis was normal in 
the lower turns but somewhat atrophic in the upper 
turns. A dark blue-staining deposit was present be- 
tween the marginal cells and the intermediate cells 
in the stria vascularis of the lower half of the middle 
turn. The spiral ligament was normal. In most of 
the cochlear turns there was a normal population of 
spiral ganglion cells and their nerve fibers; how- 
ever, there was a loss of approximately 50 to 70% of 
those cells and nerve fibers in the lower half of the 
basal turn. The cochlear aqueduct and the inferior 
cochlear vein were normal. In the vestibular system 
the crista of the posterior semicircular canal was 
present and well preserved. Other vestibular end- 
organs could not be evaluated because of prep- 
aration artifacts. The endolymphatic sac, the vesti- 
bular aqueduct, and the vein in the paravestibular 
canaliculus were all normal. 


INTERNAL AUDITORY CANAL. The seventh and eighth 
cranial nerves and the labyrinthine artery were nor- 
mal. 


DISCUSSION 


Case | appears to be one of the few cases in which 
inner ear pathology following the surgical removal 
of an acoustic tumor has been studied.** In addi- 
tion, it appears that the surgical lesion made in the 
internal auditory canal in this case was the most se- 
vere recorded. 


The extensive pathology observed in the cochlea 
in this case is similar to that observed to occur in 


animals following obstruction of the labyrinthine 
artery;? for this reason we speculate that the 
pathology was the result of the surgical sectioning 
of the labyrinthine artery. However, the following 
factors could also have had an effect on the inner 
ear: 1) It is possible that prior to the surgery the 
tumor might have compressed arteries in the inter- 
nal auditory canal resulting in impairment of the 
arterial blood supply to the cochlea.’ 2) Severe 
degenerative changes in the cochlear nerve might 
have resulted from sectioning not only of the 
labyrinthine artery but also of the eighth cranial 
nerve. 


In case 1, while severe cochlear pathology was 
present, the vestibular end-organs showed only 
moderate atrophic changes and were surprisingly 
well preserved. This same finding has been de- 
scribed in previous reports.”’*° In this case it was 
impossible to detect any arterial blood supply from 
the intracranial side, although it was sought in the 
internal auditory canal, the vestibular aqueduct, 
and the paravestibular canaliculus. 


However, a moderately large artery (89 p in 
diameter) was seen to course along the degenerated 
facial nerve in the labyrinthine portion of the facial 
canal and to enter the internal auditory canal. This 
artery is much larger than the artery (25 » average 
diameter) we observed in 18 normal cases. In case 
1, then, it appears that the vestibular end-organs 
were more resistant than the organ of Corti to the 
effects of damage to the labyrinthine artery. In- 
deed, it seems that these end-organs were preserved 
by the blood supply from an unusual intrameatal 
branch of the external carotid artery system, a 
branch which formed in the course of the postoper- 
ative reparative process. 


Although the creation of a severe surgical lesion 
in case 1 was followed by a moderately prolonged 
(6'/, months) postoperative survival period, there 
was no marked evidence of repair such as was seen 
in experimental animals: in the experiments, severe 
fibrosis and ossification were observed to fill the 
cochlear duct and the perilymphatic spaces five 
months after the labyrinthine artery had been surgi- 
cally obstructed.” This lack of repair in human tis- 
sue may be explained by the fact that in this case 
blood came to be supplied to the inner ear from the 
external carotid artery system through the labyrin- 
thine portion of the facial canal. 


Kimura and Perlman’ observed substances in the 
perilymphatic and endolymphatic spaces of animals 
they operated upon to create a labyrinthine artery 
obstruction. These substances seem to be similar to 
the eosinophilic precipitate seen in case 1. Perhaps 
the eosinophilic precipitate is the result of high 
levels of protein in these fluids, as reported by 
Silverstein and Makimoto.? However, it should not 
be assumed that the precipitate is the result of such 
obstruction or lesion, particularly when the precipi- 
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tate is seen in the perilymphatic space. Such mater- 
ial may have formed secondary to processes associ- 
ated with the development of the acoustic tumor.? 


It is interesting that in case 1 the endolymphatic 
sac and the vestibular aqueduct were normal. This 
was also noted to be the case in animals in which the 
labyrinthine artery was obstructed.” It may be that 
in humans the arterial blood supply for the sac is 
from the posterior meningeal artery’? and not from 
the labyrinthine artery, so that injury to the taby- 
rinthine artery would not have any effect on the 
sac. 


Case 2 appears to be the first instance in which 
the histopathological change in the inner ear 
brought by sectioning of the eighth cranial merve 
only could be studied in man. In this case the 
cochlear nerve was found to be degenerated but the 
cochlear end-organs were well preserved; these 
findings are similar to those seen in animals after 
cochlear nerve sectioning.'? We thus speculate that 
the changes observed in the human vestibular sys- 
tem which are similar to those seen in the cochlea 
are due to sectioning of the vestibular nerve. 


The atrophy of the stria vascularis noted in the 
upper turns of the cochlea of case 2 and the absence 
of the cochlear nerve in the basal turn of the cochlea 
in case 2 could be associated with this patient’s 
hearing loss which had been detected before the 
surgery. This pathology may also represent a com- 
bination of neural presbycusis and metabolic pres- 
bycusis as described by Schuknecht.'' However, we 
are unable to explain the fact that the patient suf- 
fered a total hearing loss postoperatively and yet 
cochlear nerve fibers and the organ of Corti in the 
apical turn were present. 


SUMMARY 


We report a human temporal bone histopatho- 
logical study comparing pathology of the inner ear 
following surgical sectioning of the eighth cranial 
nerve and the labyrinthine artery with the pathol- 
ogy resulting from damage only to the eighth cra- 
nial nerve. 


The first case, in which both the eighth cranial 
nerve and the labyrinthine artery were surgically 
severed, revealed severe pathologic changes in the 
cochlear end-organ and moderate pathologic changes 
in the fairly well-preserved vestibular end-organs. 
Interestingly, the endolymphatic sac in the vestibu- 
lar aquecuct was normal. On the other hand, the 
second case, in which the eighth cranial nerve was 
sectioned but the labyrinthine artery was pre- 
served, revealed the organ of Corti and vestibular 
end-organs to be well preserved and normal. These 
findings suggest that the blood supply from the 
labyrinthine artery plays a major role in maintain- 
ing most of the membranous structures in the inner 
ear, except for the endolymphatic sac in the vestibu- 
lar aqueduct, and that the vestibular end-organs 
are more resistant than the organ of Corti to the ef- 
fects of damage to the labyrinthine artery. 


An additional interesting finding was the obser- 
vation in the first case of an unusually large artery 
running ‘rom the geniculate ganglion area, along 
the facia! nerve in the labyrinthine portion of the 
facial canal, to the internal auditory canal. This 
artery was the only artery which could have sup- 
plied blaod postoperatively to the inner ear, and 
this suggests that a compensatory arterial blood 
supply waich draws blood from the external carotid 
artery system to supply the inner ear may be devel- 
oped when the labyrinthine artery is severed. 
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BENIGN MUCOUS MEMBRANE PEMPHIGOID 


RICHARD J. H. SMITH, MD 


Roy B. SESSIONS, MD 


SAMUEL F. BEAN, MD 


HOUSTON, TEXAS 


Benign mucous membrane pemphigoid (BMMP) is a rare vesiculobullous disease capable of causing serious ocular and aerodigestive 
morbidity. The otolaryngologist must not be lulled to complacency by the adjective, benign. A case of complete laryngeal stenosis is 
presented and the clinical, histological and therapeutic aspects of BMMP are discussed. 


Benign mucous membrane pemphigoid (BMMP) 
is one of a group of vesiculobullous diseases that 
present primarily in the oral cavity. The word “be- 
nign” should not lead to a sense of complacency on 
the part of the physician; through an autoimmune 
destructive process, serious ocular and aerodigestive 
sequellae can occur. It is our purpose to acquaint 
the otolaryngologist with BMMP, its morbidity, 
and the problems inherent in its management. 


Since its description by Cooper' in 1857, BMMP 
has been called ocular pemphigus, pemphigus con- 
junctivae, pemphigus ocularis, and cicatricial pem- 
phigoid. In 1911 Thost? separated it from its close 
counterpart, pemphigus, on clinical grounds, but it 
was not until 30 years later that Civatte* and Lever’ 
described the histologic difference between the two 
diseases. Untreated pemphigus has a mortality of 
greater than 90%; deaths due to BMMP have not 
been reported.°® 


CASE PRESENTATION 


In 1978 a 62-year-old female first noticed oral 
mucosal blisters which were at that time diagnosed 
as herpetic. The blistering continued for some 
months however; in addition, dyspnea associated 
with exertion began to develop. Over the ensuing 14 
months she experienced increasing respiratory diffi- 
culty until emergency hospitalization anc tracheos- 
tomy became necessary. Biopsies of the larynx and 
oropharynx showed the characteristic immuno- 
fluorescence of BMMP. Prednisone and azathio- 
prine therapy resulted in subjective improvement, 
but a complete laryngeal stenosis developed. A re- 
cent laryngoscopy and bronchoscopy showed that 
while her oropharynx is free of disease, there is dif- 
fuse involvement of the tracheobronchial «ree. 


| DISCUSSION 
BMMP is a rare disease; it tends to afflict elderly 


females: without showing any racial predilection.° 
The primary lesion is either a vesicle or bulla that 


appears in the oral cavity or conjunctiva.” Within 
48 hours the blister ruptures and the raw denuded 
surface becomes covered by a fibrinous exudate. 
Usually reepithelialization and scarring follow. 
More than half of these patients have oral and con- 
junctival disease, although other mucous mem- 
branes can be involved. Lesions in the nasopharynx, 
esophagus, penis, vagina, and anal canal have been 
reported. Bean has also found a 30% incidence of 
cutaneous involvement in the areas of the face and 
neck.’ 


Even though oral lesions are generally located on 
the palate, they can and do occur on the buccal mu- 
cosa? (Fig. 1). Hypopharyngeal extension is unusual 
and laryngeal involvement a rarity. Fisher et al 
have reported two patients with laryngeal stenosis 
requiring tracheostomy.'® Extensive disease of the 
trachea and bronchi has not previously been re- 
ported. 


Ocular involvement causes irritation and burning 
in the eyes. Conjunctival inflammation (Fig. 2) fol- 
lows the blister formation and, as synechiae form 
between the lid and bulbar conjunctivae, the blink 
reflex becomes impaired leaving the cornea unpro- 
tected. In 20% of cases, the cornea dries and 
becomes cloudy, resulting in secondary blindness. 


In first describing the histopathology of the 
BMMP lesion, Lever was struck by the absence of 
acantholysis on light microscopy. Acantholysis, as 
exemplified by pemphigus, refers to the loss of in- 
tercellular desmosomal attachments of the epider- 
mal cells that then assume a spheroid shape and 
float freely in the intraepidermal blister fluid. This 
does not occur in BMMP — the fact that prompted 
Lever to use the adjective, benign.'! In BMMP, the 
blister is located below the epidermis and is associ- 
ated with a nonspecific inflammatory infiltrate of 
lymphocytes, fibroblasts, and plasma cells. Immun- 
ologic studies'?-'? have shown that antibodies are 
present and attached to the basement membrane of 
the mucosa in the involved sites (Fig. 3). An invoked 
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Fig. 1. Oral vesiculation in benign mucous membrane 
pemphigoid (arrows). 


cytotoxic response results in edema and the clini- 
cally apparent bulla. 


Blister formation to the degree found in BMMP 
that is limited to the mucous membrane is unusual; 
and this feature thereby limits the differential 
diagnosis. Bullous pemphigoid, similar histological- 
ly but more extensive clinically than BMMP, may 
present with oral lesions.” Widespread cutaneous 
involvement ultimately develops. Erythema multi- 
forme is primarily a disease of the young and pre- 
sents with hemorrhagic mucosal lesions and pathog- 
nomic target-like lesions. Dermatitis herpetiformis, 
or Buhring’s disease, has grouped skin lesions rem- 
iniscent of herpes and rarely involves the mucous 
membranes. Lichen planus of the buccal mueosa is 
identifiable by an irregular lacelike whitening 





Fig. 2. Ocular involvement of the lid and bulbar con- 
junctivae (arrows). 





Fig. ©. gG immunofluorescence in an oral mucosal le- 
sion. kis antibodies affixed to the basement membrane 
(arrows). 


known as Wickham’s striae. This is diagnostic in pa- 
tients presenting with only oral involvement.® A 
small numer of patients will have erosive or vesi- 
cular lesions on the oral mucosa that cause severe 
pain. However, the microscopic appearance of these 
varieties o` lichen planus distinguishes this disease 
entity from BMMP."! 


The treetment of BMMP is largely symptomatic. 
Corticosteroids play a major role.’ Immunosuppres- 
sive agents such as methotrexate and azathioprine 
have also been used successfully. The greatest 
benefit seems to occur with a normal dosage of aza- 
thioprine, 100-200 mg/day, in conjunction with 
steroid administration. Repeated courses are often 
necessary. The reader is referred to the literature 
for a deta:led description of the various treatment 
plang s 


Althouga a rare disease, because BMMP presents 
in the oral cavity, the burden is on the otolaryngol- 
ogist to consider it in the differential diagnosis. One 
must not be lulled to complacency by the adjective, 
benign. TLis refers only to a histologic finding and 
has no significance in prognosticating the clinical - 
course of the disease. Significant morbidity such as 
blindness and laryngeal stenosis can and do occur. 
It is of interest in the case that we have presented 
that cica‘r cial formation has obliterated the glottic 
aperture and although the disease is now quiescent 
above the glottic level, it is present in the trachea 
and brancai. Whether or not the disease in the up- 
per aerodizestive tract will again become active is 
unknown. To decannulate our patient would re- 
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quire treating the stenosis, but we have felt it pru- 
dent to refrain from surgery for a period of time. 
Perhaps her tracheal and bronchial lesions will heal 


and leave her free of active disease. Possibly she 
would then be a more suitable candidate for a 
surgical procedure. 
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BASIC PRINCIPLES OF CHEMOTHERAPY IN THE TREATMENT OF 
METASTATIC HEAD AND NECK CANCER 


SAMUEL W. NEEDLEMAN, MD 


Iowa CITY, IOWA 


For patients who fail to achieve control of head and neck cancer with local therapy, chemotherapy offers limited benefit at present. 


Better understanding of the phenomena which surround tumor cell killing by 


tive agents should allow for the rational design of more ef- 


fective programs. For example, as tumors grow larger, many cells cease to engage in DNA synthesis and are refractory to drugs like 
methotrexate. In such a case, alkylating agents might be more effective. Tritiated thymidine uptake and nuclear DNA fluorescence studies 
can be exploited to analyze the kinetic and metabolic behavior of tumor cells, and are described. For animal models these studies have 
allowed the design of “kinetic” regimens of enhanced efficacy. Methotrexate, hydroxyurea, cyclophosphamide, vinblastine, and cis- 
platinum have appreciable antitumor activity in head and neck carcinoma. Combining active agents in a rational sequence could be 
facilitated by kinetic analysis of a patient’s tumor, giving rise to specific regimens with more cytoreduction, less toxicity and resistance, and 


ultimately, better survival. 


INTRODUCTION 


Currently, chemotherapy of head and neck car- 
cinoma enjoys only modest success in causing tu- 
mors to remit and allowing patients to survive 
longer. However, continued investigations into the 
biology of the host-tumor interaction and mechan- 
isms of tumor cell killing may lead to a better future 
for patients with these tumors. The focus of this 
discussion, then, will be a number of biologic con- 
siderations derived from observations in animal 
models and human tumors such as the lymphomas 
and acute leukemias. Since treatment of these tu- 
mors met with limited success initially, but has im- 
proved dramatically in recent years, it is conceiv- 
able that these concepts similarly will serve as a 
model for the development of more effective ther- 
apy of head and neck carcinoma. 


Host-Tumor-Drug Relationship and the Response 
to Chemotherapy. A number of pharmacokinetic 
parameters such as activation, inactivation, bind- 
ing to carrier proteins, excretion, and delivery of 
drug have obvious impact in the clinical response to 
even the most active agents. These considerations 
are beyond the scope of this discussion and are 
reviewed comprehensively elsewhere.' As well, the 
response to an agent given in an appropriate sched- 
ule seems to depend heavily on the proliferative 
status of tumor cell populations, which in turn 
seems to vary as a function of tumor burden. Thus, 
understanding the host-tumor relationship with the 
purpose of designing more effective schedules might 
be profitable. 


The early pioneering work of Skipper et al in the 
L1210 leukemia model led to their statement of the 
log-kill hypothesis in 1964.? This holds that a con- 


by the American Cancer Society (CF 4768). 


stant fraction of the tumor cells will survive a given 
level of effective therapy irrespective to the size of 
the tumor. Thus, the greatest number of cells will 
be killed in large tumors, while small tumors should 
be curable if the same level of therapy is repeatedly 
applied until virtually every cell is killed. While the 
log- kill hypothesis holds well for the L1210 system, 
in clinical chemotherapy, a number of observations 
mitigate against it. 


In 1977 Norton and Simon? suggested that tumor 
killing for a given level of effective therapy varies 
with the growth rate of the tumor. For L1210 or 
other tumors which follow logarithmic growth, 
growth fraction (GF) is large and stays constant. 
Thus, growth rate accelerates as the tumor grows, 
rendering large tumors sensitive. In contrast, for 
Gompertzian tumor growth (Fig. 1), which prob- 
ably more accurately describes human tumors, GF 
is large initially, but progressively diminishes. 
Growth rete progressively increases reaching its 
maximum at about 37% of total volume and subse- 
quently deereases, as decreased GF becomes signifi- 
cant. Censequently, large tumors, as well as very 
small tumors, have low growth rates and are rela- 
tively resistant to effective treatment. 





Some have suggested that increasing cell death or 
slowed cell generation time are responsible for the 
deceleration of tumor growth and the plateau at the 
top of the Gompertzian curve.* However, as the 
tumors grow larger in mass, a greater proportion of 
cells become more distant from nutrient vessels, ex- 
periencing greater competition for oxygen and nu- 
trients. Cels such as these reversibly lose their pro- 
liferative capacity and remain dormant, decreas- 
ing GF. While cell death and slowing of- generation 
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Fig. 1. Gompertzian tumor growth. Mass is shown as a 
function of time ( ). Progressively declininz growth 
fraction is shown as a function of time (_______). Three 
growth rates are represented for small (GR,), intermediate 
(GR.) and large (GR;) tumor burdens by tangert lines to 
the mass curve. GR, and GR; illustrate slow tumor growth 
rates for large and small tumor burdens. (Adapted from 
Norton and Simon.’ From Needleman SW. Chemothera- 
pane approaches to transitional cell carcinoma of the 

ladder. In: Bonney W, ed. Bladder cancer. Vol. 1. 
Baltimore: Williams and Wilkins, 1982. Reprirted with 
permission. ) 





times doubtless contribute in part to the plateau in 
tumor growth, most investigators suggest that the 
majority of cells remain viable but dormant, and if 
they do go into the cell cycle, they do so with nor- 
mal generation times.° 


The therapeutic implication of the mechanism of 
slowed growth in the plateau phase is illustrated in 
Figure 2. A diagrammatic representation of the cell 
cycle, the principal metabolic functions of its var- 
ious phases, and the agents with greatest activity 
against head and neck tumors are illustrated. Of 
note, is that after mitosis, the cell is quite inactive 
metabolically. Tumor cells seem to have a great ca- 
pacity for staying in this state virtually indefinitely, 
and most authors designate this as G,, functionally 
separate from the generation cycle.° Drugs like 
vinblastine and methotrexate are active only against 
cells in the generation cycle in a particular phase 
and are termed “cell-cycle-phase specific.” Agents 
like BCNU and cyclophosphamide (Cytoxan) act 
throughout the generation cycle, and are termed 
“cell-cycle-phase nonspecific. Agents such as the 
nitrogen mustards and ionizing radiation exhibit 
cytolytic activity‘irrespective of the generation cy- 
cle and are térmed cell-cycle nonspecizic. While 
these latter agents may have some activity against 
cells in G,, it is the relative resistance of the G, 
population’to chemotherapy that presents the clini- 
cian with a difficult problem.’ 


Techniques to Assess Kinetic Behavior cf Tumors. 
The use of thymidine labeled with tritium (*HTdR) 
has: proved a powerful tool in assessing the pro- 
liferative activity of cells in tumors, as well as 
allowing calculation of cycle times and phase dura- 
tions. @ells engaging in DNA synthesis incorporate 
*HTdR sufficient to give autoradiographic visuali- 
zation without disturbing cell function. Labeling in 
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Fig. 2. Cell cycle and chemotherapy. The principal me- 
tabolic functions of the cell in various phases of the cell cy- 
cle and relationship of agents active in head and neck tu- 
mors to the cell cycle are indicated. (From Needleman 
SW. Chemotherapeutic approaches to transitional cell car- 
cinoma of the bladder. In: Bonney W, ed. Bladder cancer. 
Vol. 1. Baltimore: Williams and Wilkins, 1982. Reprinted 
with permission.) 


vitro correlates well with labeling in vivo. By count- 
ing labeled cells per 100 total cells one hour after ex- 
posure to *HTdR and expressing the result as a 
percentage, one derives the Labeling Index (LI) 
which is a measure of the fraction of cells at the 
time of exposure to 7HTdR which are in S phase 
(Fig. 2). LI is a crude indicator of the extent to 
which the cell population is invested in proliferative 
biochemistry. Since the fraction of cells in S phase is 
determined by the duration of S phase relative to 
the entire cycle, as well as the fraction of cells 
which are engaged in proliferation (GF), a high LI 
may reflect long S phase duration or a high GF. Al- 
ternatively, the two factors may obscure the LI, 
with opposing contributions. Thus, high LI has 
been reported to predict both favorable and un- 
favorable’ therapeutic outcomes. The Mitotic Index 
(MI) is the number of mitoses per 100 cells. It is 
similarly influenced by the GF as well as the dura- 
tion of mitosis, and with similar limitations reflects 
the proliferative capacity of the population. 
Growth fraction (GF) is defined as the ratio of pro- 
liferating cells to total cells, and would provide a 
better handle on cell population kinetics in relation 
to the tumor burden. GF can be estimated by ma- 
thematical analysis of the percent labeled mitosis, 
or PLM curve.’ 


One can also exploit the PLM to calculate the 
duration of the cell cycle and its various phases. The 
PLM is determined by examining the tumor by light 
microscopy for a number of mitotic figures, usually 
1,000. By autoradiography the corresponding mi- 
toses are deemed labeled if isotope emission grains 
are noted over the nucleus. If the PLM is plotted 
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Fig. 3. PLM curve. Percent labeled mitoses determined 
by autoradiography is plotted as a function of time. 
(Adapted from Cronkite.'' From Needleman SW. Chemo- 
eee approaches to transitional cell carcinoma of 
the bladder. In: Bonney W, ed. Bladder cancer. Vol. 1. 
Baltimore: Williams and Wilkins, 1982. Reprinted with 
permission. ) 


against time, a curve such as that depicted in Figure 
3 is obtained. At the time of 7HTdR pulse, all cells 
in S phase will pick up isotopes, but mitotic figures 
will not be labeled until cells that were just finish- 
ing S phase proceed through G, and enter mitosis. 
Thus, the time from pulsing to the first appearance 
of labeled mitoses approximates the duration of G2. 
Similarly cells that were just beginning S phase will 
proceed through S and G, phases and will appear as 
the last labeled mitoses at time S + G, after the 
pulse, on the right shoulder of the first peak. The 
duration of the first peak then, approximates the 
duration of S phase (Ts). If the daughter cells of the 
first peak proceed synchronously through the cell 
cycle, an identical peak will appear one generation 
time (Tc) later. The degree to which the progeny 
cells lack synchrony will be manifest in dampening 
of subsequent peaks." 


A newer technique, nuclear DNA-content evalu- 
ation,'? allows the estimation of the number of cells 
in a given phase of the generation cycle. Capitaliz- 
ing on the development of technique ability to 
quantitate fluorescence in a single cell, tumors are 
labeled with a fluorescent reagent which binds to 
DNA. The amount of fluorescence then will corres- 
pond to the content of DNA. Cells in G, are diploid 
and have relatively little DNA, cells in G, are 
tetraploid and have the greatest content while cells 
in S phase have variable, intermediate content. This 
technique may provide more rapid and better reso- 
lution of kinetic data for heterogeneous, dysyn- 
chronous cell populations than the PLM curve. 


Use of Kinetic Data in the Treatment of Head 
and Neck Tumors. It is theoretically possible to ex- 
ploit these data in the design of treatment pro- 
grams. Thus, where toxicity permits, the treatment 
would be repeated at intervals shorter than Tc, so 
that no cell could complete a cycle during the in- 
terim between therapies. Similar reasoning applies 
to the scheduling of S phase active agents at inter- 


TABLE 1. ACTIVE AGENTS IN 
HEAD AND NECK CARCINOMA 


Dmg Responders/ Total % Response 


Methotrexate 298/360 47 
Hydroxyarea 7/18 39 
Cytoxan 28/77 36 
Vinblastine 10/35 29 
Cis-platinum 10/38 26 
Adriamycin 15/95 16 
Bleomycin 24/158 15 
5 Fluorouracil 18/118 15 
Me CCNU 6/40 15 
Vincristine 1/25 4 


Adapted from Khandekar and Dewys."* 


vals shorter than Ts. A typical “kinetic” regimen 
then will initiate therapy with a cell-cycle-phase 
nonspecific agent like cyclophosphamide in order to 
reduce the tumor burden and “recruit” cells from 
the G, pool into the generation cycle. A number of 
drugs like vincristine will reversibly arrest cells and 
then release them in synchrony; these synchronizing 
agents are generally employed after recruitment. At 
time M + G, (= T.-[T, + TG,]) after synchronizing, 
cells would presumably enter S phase and be sus- 
ceptible to S phase specific agents.*® 


PLM curves suggest that recruitment and syn- 
chronization indeed take place when these manipu- 
lations are performed in animals, and treatment 
results are very good. In humans, however, the 
repeated biopsies needed to obtain PLM curves can- 
not be performed, except principally in patients 
with accessible, superficial tumors or bone marrow 
involvement. Thus, there are few actual calcula- 
tions of eell cycle times for human head and neck 
and other carcinomas, but rather approximations 
from animal data are frequently used. This may at 
least in part explain the fact that in humans this ap- 
proach has not yielded greater benefit. 


A few studies have determined kinetic data on 
tumors from patients with head and neck cancer." 
GF has ranged from 31°84 %, Ts 11-34 hours, and 
Tc 25-88 hours. It is apparent from these data that 
tremendous variation from one tumor to another 
exists. Indeed, nuclear DNA-content analysis'’ sug- 
gests that within a single tumor there is significant 
kinetic heterogeneity. Using this technique as well 
as PLM eurves, this study found a small proportion 
of G, cells. Moreover, looking at patients who re- 
spond to or fail chemotherapy, these authors were 
not able to demonstrate any significant differences 
in kinetic parameters.'* Results could perhaps be 
improved if the kinetic behavior of a tumor could 
be analyzed prior to treatment to allow design-of a 
program relevant to that patient’s tumor, rather 
than to a model or to another patient’s tumor from 
which it may differ substantially. s 


Currently Available Chemotherapy for Head ‘ind 
Neck Tumors. Phase 2 single-agent response studies 
for heac and neck cancer should be viewed with 
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TABLE 2. COMBINATION CHEMOTHERAPY REGIMENS IN METASTATIC HEAD AND NECK CARCINOMA WITH 


> 40% RESPONSE RATES (15 OR MORE PATIENTS) 





Response/ Patients 
Investigator} Drugs Evaluation (% Duration (mo 
DeWell (1975) CTX, VCR, MTX, PDN, 5 FU 14/32 (44) MR = 2.2 
Richman (1976) BLE, ADR, CCNU. VCR, HN, + BCG 15/32 (44) MR = 4.2 
MS = 5.2 
Eisenberger (1980) BLE, HOU 9/20 (45) MR = 4.2 
Huang (1980)'° BLE, MTX, VBL, CCNU 19/38 (50) MS = 8.5 
Yagoda (1975) BLE, MTX 8/15 (53) MR = 3.0 
Cortes* (1980) MTX, 5FU, BLE 22/40 (55) R = 7-13 
Costanzi* (1976) BLE, MTX, HOU 10/17 (59) MR = 2.0 
Pitman (1979) MTX, CDP 12/20 (60) Not given 
Livingston* (1976) MTX, ADR, MCCNU, CTX, VCR, BLE 17/28 (61) MR = 6.2 
MS = 6.0 
Kaplan (1979) MTX, BLE, CDP 29/46 (63) MR = 5.0 
Price* (1975) 6 MP, BLE, VCR, ADR, MTX, HOU 19/24 (79) Not given 


Adapted from Khandekar and Dewys.'* 
*“Kinetic” design. 


TStudies not referenced in the text are published in Proceedings of the American Association of Cancer Research and the American Society of Clinical 


Oncology for the year noted. 


MR - Median duration of response; MS - Median survival: R - Remission duration; CTX - Cyclophosphamide; VCR - Vincristine; MTX - Methotrexate; 
PDN - Prednisone; 5 FU - 5 Fluorouracil; BLE - Bleomycin; ADR - Adriamycin; MCCNU, CCNU - Nitrosoureas; HN, - Nitrogen mustard; VBL - Vin- 
blastine; 6 MP - 6 Mercaptopurine; HOU - Hydroxyurea; CDP - Cis-diammine dichloroplatinum; BCG - Bacillus Calmette-Guerin. 


some caution in that they are compiled in many in- 
stances from a number of studies with different 
schedules, methods for gauging response, and pro- 
grams of supportive care (Table 1). No attempt has 
been made to ascertain response of tumors for var- 
ious sites. The measurement of lesions in this region 
can be especially difficult, making it hard to ac- 
curately assess responses. It is worth noting that the 
cell-cycle-phase specific agent, methotrexate, is the 
most active agent, which is in agreement with one 
kinetic study that found, contrary to what one 
might expect, no evidence for a large number of G, 
cells." 


Combining active single agents has provided 
more effective, synergistic tumor control with only 
additive, nonoverlapping toxicity in other neo- 
plasms. Table 2 is a partial list of the more promis- 
ing combination programs for head and neck tu- 
mors.'*'? Only studies from the English literature, 
with 15 or more evaluable patients, and a response 
rate of >40% have been included. Almost all pa- 
tients had been previously treated with surgery and 
radiation. In most studies previous chemotherapy 
had not been given. While response rates appear 
high, most responses are partial, duration of re- 
sponse is short, and toxicity is considerable. Sur- 
vival has probably not been significantly prolonged, 
and in some cases, one can seriously question 

whether the patient’s symptoms have been palliated 
to the extent that toxicity is justified. It is of interest 
to note that 4 of the 6 best response rates were ob- 
served with kinetically designed programs. 


While many patients’ tumors show a gratifying, 


often dramatic response initially, the responses are 
regrettably short-lived. The response duration 
ranges from 8 to 24 weeks, and death soon follows 
the end of this period. This implies that head and 
neck cancers regularly develop cellular resistance. 
The mechanism for this is probably multifactorial. 
Tumors have been shown to decrease transport of 
drug, increase its catabolism, and/or decrease its ac- 
tivation in developing resistance. Biochemical ad- 
justments such as increasing target or alternate 
pathway enzymes have been demonstrated. En- 
hancement of DNA repair enzymes has been shown 
in the development of resistance to drugs which act 
by causing damage to DNA.” 


The Future. Obviously, the development of new 
drugs offers hope for the future. Top priority is 
given to agents which are nonmyelosuppressive. 
Clinical trials of preoperative and postoperative ad- 
juvant chemotherapy, offering the hope of steriliz- 
ing clinically inapparent metastases and increasing 
surgical cure rates, are being initiated. 


As new agents are developed and incorporated 
into combined modality regimens, our knowledge 
of the interaction of drugs with tumor cells con- 
tinues to grow. Improved tools for studying kinetics 
from small tissues such as those obtained by biopsy 
may allow the design and scheduling of programs 
specific to each patient; this in turn would optimize 
response, aid in anticipating and circumventing the 
development of drug resistance, minimize toxicity, 
and play a significant role in improving the future 
for these patients. 
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Quantitative cultures of transantral aspirates of the maxillary sinuses of rhesus monkeys were performed to determine whether the 
sinuses have a normal bacterial flora. Of 13 sinus aspirate cultures 11 (85%) were sterile. The two positive sinus aspirate cultures had ex- 
tremely low colony counts of the same bacteria present on the nasal mucosa prior to the sinus puncture. The maxillary sinuses of rhesus 


monkeys are sterile. 


INTRODUCTION 


The mucosa of the oropharynx and nasopharynx 
are heavily colonized with bacteria. The prcximity 
and contiguity of the mucous membranes of the pa- 
ranasal sinuses and the pharynx might lead one to 
expect that the sinuses, too, have a normal bacterial 
flora. However, the trachea and middle ear cavity, 
also contiguous with the pharynx, are generally 
considered to be sterile.'” 


Two early studies, in which the radiographically 
“normal” sinus contralateral to a diseased sinus was 
cultured, found the normal sinuses to be sterile.?4 
More recently, three maxillary sinus aspirates from 
two asymptomatic human volunteers were reported 
to be sterile. To further examine this question, an 
investigation was undertaken to determine whether 
the maxillary sinus of the rhesus monkey (Macaca 
mulatta) has a normal bacterial flora. 


MATERIALS AND METHODS 


Juvenile rhesus monkeys weighing 3-5 kg each were amesthe- 
tized with ketamine. Their nasal cavities were cleansed with a 
10% povidone-iodine solution (Betadine) for five minutes. Cul- 
tures of the nasal mucosa before and after application of the Beta- 
dine were performed using a calcium alginate swab on a flexible 
aluminum shaft (Calgiswab) and were interpreted semiquantita- 
tively (graded as 1+ to 4+). The maxillary sinus was then en- 
tered via the transantral route using a 16 gauge, 2.5-inch (6.25 
cm) sterile needle attached to a 5 ml sterile syringe containing 2.5 
ml of sterile nonbacteriostatic saline. The saline was gently in- 
stilled and fluid was then aspirated from the sinus and cu tured 
quantitatively. 


..Nasal swabs and sinus aspirates were immediately cultured 
anaerobically by planting the specimens on anaerobic blood agar 
plates (Scott) and anaerobic KV agar plates (Scott) and incubated 
in a GasPak (BBL) anaerobic jar at 37°C for 48-72 hours. In addi- 
tion, sinus aspirates were cultured aerobically by plantirg the 
specimens on trypticase soy agar with 5% sheep blood (BBL) and 
on chocolate agar (BBL) and inoculating tubes of trypticase soy 
+ broth (BBL) and Brewer thioglycolate media (Difco) with the 
specimens. Quantitative cultures were performed by planting a 
0.001 ml aliquot of the sinus aspirate on chocolate and sheep 
blood agar using a calibrated loop. Nasal swabs were cultured 


aerohically by planting the specimens on trypticase soy agar with 
5% sheep blood (BBL), MacConkey agar (BBL), Columbia CNA 
agar with sheep blood (BBL) and chocolate agar (BBL) and in- 
cubated with a 5% CO, atmosphere at 37°C. Plates were ex- 
amined after 24 and 48 hours of incubation; broth tubes were 
held for ten days if no growth occurred on the solid media. Isola- 
tion and identification of all organisms were done using standard 
bacteriologic techniques. 


RESULTS 


Thirteen maxillary sinus punctures were per- 
formed on ten different animals; three animals had 
bilateral maxillary sinus punctures. Cultures ob- 
tained from nasal swabs following Betadine cleans- 
ing of the mucosa were either sterile or had a very 
light growth of the same organisms present on the 
initial nasal swab. 


Of 13 sinus aspirates, 11 (85%) were sterile. One 
sinus aspirate grew two colonies of Streptococcus 
pneumoniae; the initial nasal swab of that animal 
also grew S pneumoniae although culture of the 
post-Betadine swab was sterile. The other culture- 
positive sinus aspirate grew three colonies of Sta- 
phylococcus epidermidis and one colony each of a 
Micrococcus species and an alpha streptococcus; 
each of these organisms was present on the nasal 
swab cultures of the animal both before and after 
Betadine cleansing. 


DISCUSSION 


S pneumoniae and nontypable Hemophilus in- 
fluenzae are the bacterial species most often recov- 
ered in significant colony count from the maxillary 
sinuses of children and adults with acute sinusitis.67 
The predominant bacterial species in the nasopha- 
ryngeal and throat cultures did not correlate with 
the sinus aspirate cultures in these patients.’ 


Because invasion of the sinuses of healthy individ- 
uals can rarely be justified, careful studies of the 


From the Departments of Pediatrics and Otolaryngology, University of Pittsburgh School of Medicine. This research was supported in part by the Na- 
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MAXILLARY SINUS BACTERIOLOGY 


microbial flora of normal maxillary sinuses have not 
been performed. Consequently, it is unclear wheth- 
er the bacteria recovered from presumably infected 
sinuses are normal resident flora or are organisms 
introduced into previously sterile sinus cavities. If 
there is a normal bacterial flora of the sinuses, it 
would be important to identify the common organ- 
isms and compare them with the bacteria recovered 
from the presumably infected sinuses. 


Factors which impair normal sinus drainage, 
such as inflammation due either to viral infection or 
allergy, may potentiate infection by promoting 
multiplication of normal sinus flora. If the sinuses 
are normally sterile, then the infecting bacteria 
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may be introduced by other factors, such as nose 
blowimg or intermittent negative intrasinus pressure 
accompanied by impairment of mucociliary trans- 
port. 


Few animal species other than humans have pa- 
ranasal sinuses. The anatomy of the maxillary sinus 
of the monkey is reasonably similar to that of hu- 
mans* and may provide an animal model for the 
study of sinus disease. 


The results of this study indicate that most rhesus 
monkey sinuses are sterile. The two positive sinus 
cultures had extremely low colony counts suggesting 
nasal contamination rather than in situ coloniza- 
tion. 
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From 1965-1978 over 2,700 patients were admitted *o the Massachusetts Eye and Ear Infirmary or the Massachusetts General Hospi- 
tal with carcinoma of the oropharynx, larynx or nasopharynx; only 36 of these patients were less than 40 years of age. Twelve patients had 
oropharyngeal carcinoma, 13 patients had laryngeal or hypopharyngeal carcinoma, and 11 patients had nasopharyngeal carcinoma. 
Analysis of these patients indicates an increased incidence of head and neck cancer in younger females. In patients less than age 31 there 
was no significant social history which contributed to earl v onset of disease. The younger patients with nasopharyngeal carcinoma survived 
longer than patients of all ages with comparable neoplasms. The survival of patients with oropharyngeal, laryngeal and hypopharyngeal 
carcinoma is comparable to survival in patients of all ages with similar lesions. 


The incidence of head and neck carcinoma in pa- 
tients less than 40 years of age is relatively low. 
Many unanswered questions exist about this group 
of patients. Who are the affected patients? What 
types of disease do they have? How do they respond 
to therapy, especially compared to patients of all 
ages? Do they tend to develop second primaries? 
This study analyzes patients under 40 with oropha- 
ryngeal, laryngeal, hypopharyngeal and nasopha- 
ryngeal carcinoma treated at the Massachusetts Eye 
and Ear Infirmary and the Massachusetts General 
Hospital between 1965 and 1978. 


METHODS 


A review of all patients admitted to both institutions from 
1965-1978 was performed. Over 2,700 patients were treated yet 
there were only 36 patients less than 40 years of age. Children are 
treated at both hospitals; however during this period there were 
no patients with carcinoma less than 14 years of age. Follow-up 
was obtained on all but two from the patients’ records, the tumor 
registry, or the patients’ current physicians. This follow-up 
ranged from 2 to 14 years with a mean of 6.4 years. All pa‘ients 
were staged retrospectively by the TNM system.’ 


Patient Population. The patients ranged in age from 14 to 39 
years at the time of initial diagnosis. Six patients were less than 
20, 3 were between 20 and 29, and 27 patients were between 30 
and 39. 


Overall there were 5 females and 21 males. In the second- 
decade group there were two females and four males. The third- 
decade group contained two females and one male. The fourth- 
decade group contained 11 females and 16 males. 


Three of the patients with nasopharyngeal carcinoma were 
Chinese. 


Among the nine patients less than 30 years of age there was no 

history of alcohol intake or cigarette smoking. Seventeen pati2nts 

in the fourth decade group had a history of daily alcohol intake 

and smoking at least one pack of cigarettes daily. Three patients 
reported occasional alcohol consumption. 


© None of the patients had a second primary neoplasm at the tame 
‘of presentation. Three later developed a second primary. 


“ Duration of Symptoms. Patients presented with a history of 
- symptoms from 1-18 months. Within this group there was no con- 


From the Department of Otolaryngology, Harvard Medical Schocl, Boston. 


sistent relationship between the duration of symptoms, stage of 
disease, or cure rate. 


RESULTS 


Nasopharyngeal Carcinoma. Eleven patients had 
nasopharyngeal carcinoma. Nine of these had lym- 
phoepitheliomas. There were three Chinese pa- 
tients and they all presented with stage IV disease. 
Five of the patients were female. 


All patients were treated with radiotherapy. The 
19-year-old male patient received debulking cryo- 
surgery prior to radiotherapy. One 31-year-old 
male developed a second nasopharyngeal neoplasm 
eight years after the first lesion. 


As shown in Table 1, survival does not correlate 
with initial tumor stage. One patient had stage I 
disease and she died from metastatic disease. Five 
patients with stages II and III disease are alive 
without recurrence. Four of five patients with stage 
IV disease are alive without recurrence. 


Laryngeal and Hypopharyngeal Carcinoma. 
Eleven patients had laryngeal carcinoma; two pa- 
tients had pyriform sinus disease. The 14-year-old 
and two 17-year-old patients did not have a history 
of alcohol, smoking, or papillomatosis. The other 
ten patients had a history of daily alcohol intake 
and smoked an average of 1'/, packages of cigarettes 
daily. The 17-year-old male patient had a history of 
vocal abuse. The male to female ratio is 2.7:1. The 
stage of disease, therapy and average survival are 
shown in Table 2. 


Of the three patients less than 20, one exsanguin- 
ated from carotid artery rupture after developing a 
postoperative fistula, and the other two are alive 
without recurrent disease. 


Only three patients in the fourth decade group 
presented with advanced disease, stages III and IV. 


REPRINTS — Paul J. Carniol, MD, 705 Harvard Rd., Bala Cynwyd, PA 19004. 
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TABLE 1. CHARACTERISTICS OF PATIENTS WITH 


NASOPHARYNGEAL CARCINOMA (N = 1)) 





Age No. of Tumor 
Group Patients Stage Avg. Survival, NED (yr) 
10-19 2 II 9.0 
l IV 5.0 
20-29 l I Deceased from metastatic 
carcinoma 
2 II 3.0 
30-39 l III 5.0 
4 IV 


(One deceased from 
metastatic carcinoma) 


NED - No evidence of disease. 


Two of these patients are deceased from metastatic 
disease. The rest of the patients survived without a 
recurrence. One patient developed a seeond neo- 
plasm, ten years later, of the right maxilla. 


Oropharyngeal Carcinoma. Twelve patients pre- 
sented with oropharyngeal carcinoma. All of the 
patients were between 30 and 39. Seven are women 
and five are men. Eight patients had a history of 
both smoking and daily alcohol consumption; one 
patient had a history of alcohol intake only. Three 
patients had either extensive periodontitis and/or 
caries. Stage of disease, therapy and average sur- 
vival are shown in Table 3. 


Of the three patients with tongue carcinoma only 
one is alive over five years after initial presentation 
and over four years from her surgery without recur- 
rence; she was treated with full-course radiation 
therapy following within a year of presentation by 
surgery for recurrent disease. 


All of the patients with carcinoma of the floor of 
the mouth are without a local recurrence. One of 
these patients developed a squamous cell carcinoma 
of the lower esophagus treated with radiotherapy 
and was reported to be alive five years later but re- 
fused medical examination. 


Four of five patients with oropharyngeal carcin- 
omas at sites other than the tongue or floor of 


mouth are alive without recurrence. One patient 
refused surgery after developing a cervical nodal 
recurrence and was lost to follow-up. 


DISCUSSION 


Nasopharyngeal Carcinoma. Several characteris- 
tics of this group of patients are unusual. The male 
to female ratio is 1.2:1. In studies of patients of all 
ages, this ratio has consistently been over 2:1.7-5 A 
study performed in Greece in patients under 30 also 
had a higher percentage of women than in older pa- 
tients.° 


Nine of 11 patients had a lymphoepithelioma. 
This is a higher incidence than has been reported 
for patients of all ages.*’-? Of the 8 patients on 
whom at least a 3'/, year survival is available, 6 are 
alive without recurrent disease. This is higher than 
has been reported for patients of all ages.?-*'° 


The higher survival may be due to the predomi- 
nant tumor type, lymphoepithelioma, which tends 
to be a more radiosensitive tumor. It may be due to 
improved radiotherapy techniques or better re- 
sponse to neoplasms and therapy in this younger 
group of patients. 


Laryngeal and Hypopharyngeal Carcinoma. 
Laryngeal carcinoma is not common in patients less 
than 20 years old. Although a statistical survey has 
not been performed in the United States, Herold 
and Fockmuhl analyzed the patient population in 
East Germany,'' and found a 0.5% incidence 
among all cases of laryngeal carcinoma. 


Three of the patients in this study are less than 20 
years of age. They differ from the other three pa- 
tients in that they do not have a history of cigarette 
smoking or alcohol intake. They also did not have a 
history of papillomatosis and radiation therapy 
which have been associated with developing car- 
cinoma of the larynx.'* One of these patients does 
have a history of vocal abuse. In a study from Me- 
morial Hospital 10% of the patients with laryngeal 
carcinoma had a history of vocal abuse." 


TABLE 2. CHARACTERISTICS OF PATIENTS WITH LARYNGEAL AND HYPOPHARYNGEAL CARCINOMA (N = 13) 
äs è eae I 


Age No. of 

Group Site Stage Patients Therapy Avg. Survival, NED (yr) - 

10-19 Glottic I l Radiotherapy 9.0 
Glottic II l Radiotherapy and surgery Deceased, carotid rupture 

Glottic II l Chemotherapy, radiotherapy 3.0 

anc surgery 

30-39 Glottic I 2 Radiotherapy and cryosurgery 10.4 

Glottic II 2 Surgery and radiotherapy 6.0 

Supraglottic II 2 Surgery and radiotherapy 4.3 

Supraglottic IV l Surgery 10.5 
Transglottic II l Surgery and radiotherapy Deceased, metastatic disease 

Pyriform sinus II l Surgery and radiotherapy 10.8 
Pyriform sinus IV l Surgery and radiotherapy Deceased, metastatic disease 


NED - No evidence of disease. 
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TABLE 3. CHARACTERISTICS OF PATIENTS WITH OROPHARYNGEAL CARCINOMA (N = 12) 


No. of 
Site Stage Patients Therapy Avg. Survival, NED (yr) 
Oral, tongue II l Surgery and radiotherapy 4.0 
Oral, tongue III ] Surgery and radiotherapy Deceased, metastatic carcinoma 
Oral, tongue IV l Surgery and radiotherapy Deceased, metastatic carcinoma 
Anterior floor mouth I 2 Radiotherapy 3.0 
Anterior floor mouth II 2 Radiotherapy 2.3 
Buccal mucosa I | Surgery 2.2 
Retromolar trigone II l Radiotherapy and surgery 14.0 
Retromolar trigone II l Radiotherapy and cryosurgery Unknown, patient refused surgery for 
recurrent nodal disease 
Tonsillar pillar III l Radiotherapy 5.3 
Palate II l Radiotherapy 5.0 
NED - No evidence of disease. 
Most of the patients in this group presented with CONCLUSIONS 


early stages of carcinoma. The disease-free survival 
is consistent with these early stages. All of the pa- 
tients with stage I carcinoma are alive without re- 
currence. Four of 5 patients with stage II disease are 
alive without recurrence. Three patients presented 
with advanced stages of disease and two are alive. 
The three female patients presented with earlier 
stages of disease and they are all alive without 
recurrence. 


Only two patients had hypopharyngeal disease; 
their survival is also as expected based on tumor 
stage at time of presentation. 


Oropharyngeal Carcinoma. Seven of the 12 pa- 
tients in this group are women. Other studies have 
indicated a rising incidence of carcinoma in women 
but not to this extent.'*+" One study found that 
women tend to develop carcinoma of the floor of 
the mouth earlier than men. If this tendency to 
develop carcinoma earlier applies to all oropheryn- 
geal sites, then together with the rising incidence in 
women, this could explain the prevalence of women 
in this group. 


Disease-free survival correlates best with stage at 
presentation. All patients with earlier stages of 
disease had a good response to therapy. Only one 
may be deeéased and that would be from a second 
neoplasm. Four patients presented with advanced 
lesions and only one has over a 5-year survival. 


Of over 2,700 patients admitted between 1965 
and 1978 with carcinoma of the nasopharynx, lar- 
ynx, hypopharynx, and oropharynx, only 36 pa- 
tients were under 40 years of age. Fifteen of these 
patients were female. The overall percentage of 
women is higher than reported for patients of all 
ages. 


None of the patients less than age 31 had a history 
of smoking cigarettes or alcohol consumption. 


Eleven patients had nasopharyngeal carcinoma. 
The predominant tumor type was lymphoepithe- 
lioma. Nine of the 11 patients are alive without 
recurrent disease. The percentage of disease-free 
survivors is greater than has been reported for pa- 
tients of all ages. 


Thirteen patients had laryngeal and hypopharyn- 
geal carcinoma. Survival correlated best with initial 
stage of disease and is comparable to groups of pa- 
tients of all ages. 


Twelve patients had oropharyngeal carcinoma. 
Survival for this group of patients is comparable to 
that reported for patients of all ages with the same 
stage of disease. 


Three of the 36 patients developed second pri- 
mary carcinomas. Further long-term follow-up 
would help delineate whether patients who develop 
carcinoma at an earlier age have a greater tendency 
to develop a second primary. 
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COLLAGENASE ACTIVITY IN SQUAMOUS CELL CARCINOMA 
OF THE HUMAN PAROTID GLAND 
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MAXWELL ABRAMSON, MD 


NEW York, NEw YORK 


A collagenase obtained from a single squamous cell carcinoma of human parotid gland was purified to homogeneity by procedures in- 
cluding precipitation with ammonium sulfate, gel filtration, ion-exchange chromatography with DEAE-cellulose, and extraction from 
polyacrylamide gel after electrophoresis. The parotid tumor collagenase had a molecular weight of approximately 68,000 and appeared 
similar to other mammalian collagenases in many respects such as action on collagen and response to common collagenase inhibitors. 
Analysis of specimens of various human parotid gland tumors revealed that the levels of collagenase activity were higher in squamous cell 
carcinoma than in nonsquamous tumors. A high level of collagenase activity from squamous cell carcinoma suggests that collagenase may 
promote local connective tissue destruction associated with tumor invasion and lymph node metastasis. 


INTRODUCTION 


Several investigators have demonstrated colla- 
genase activity in various human and animal tu- 
mors.'"* In our previous study, we compared the 
histology of squamous cell carcinomas of the oral 
cavity and of the larynx with their collagenzse ac- 
tivities. The more active tumors appeared to con- 
tain more loosely arranged connective tissue struc- 
ture with a higher concentration of capillary buds.‘ 
The level of collagenase activity was found to be 
higher at the edge of the tumor than in the center.‘ 
These observations suggest that collagenase activity 
causing local destruction of adjacent connective 
tissue may promote the invasive properties of the 
malignant tumors. 


Squamous cell carcinomas of the parotid gland 
probably arise from squamous metaplasia of the 
epithelial lining of the ducts. These squamous cell 
carcinomas infiltrate surrounding structures and 
grow rather rapidly with a high incidence (approxi- 
mately 50%) of regional lymph node metastasis. 


In our present study,. we analyzed levels of col- 
lagenase activity in various types of human parotid 
gland tumors and purified a collagenase obtained 
from a single squamous cell carcinoma of the 
human parotid gland in order to characterize its 
biochemical properties. 

METHODS 

Preparation of Tumor Collagenase. The specimens of human 
parotid tumors were obtained from the University of Iowa 
Hospital (lowa City), the Veterans Administration Hospital 
(Bronx) and Columbia Presbyterian Medical Center (New York). 
The parotid, tumor specimens were cut into 1 cu mm pieces: 


rinsed ïf Hank's balanced salt solution containing 100 units of 
penicillin, 100 ug of streptomycin, 0.25 mg of Fungizone/ml; and 


cultured in Dulbecco's modified Eagle medium in Falcon plastic 
flasks at 37°C under O,/CO, (95:5, v/v). The media were 
changed daily for four days. All media were collected and stored 
at —20°C before assay. The culture medium from a large 
squamous cell carcinoma specimen was dialyzed against water 
with several changes, lyophilized and stored at —20°C before 
purification. The following purification steps were performed at 
4°C. 

Ammonium Sulfate Precipitation. The dry crude human paro- 
tid tumor collagenase was dissolved in 0.05 M TRIS-HCI (pH 
7.6), 0.005 M CaCl, to a concentration of 15 mg protein/ml. Any 
insoluble material was removed by centrifugation. Solid am- 
monium sulfate was added slowly to achieve 60% saturation. The 
resulting precipitate was collected by centrifugation at 10,000 x 
gravity for 20 minutes and redissolved in the TRIS buffer contain- 
ing 0.2 M NaCl. 


Chromatography. Gel filtration of the ammonium sulfate en- 
zyme preparation was carried out in a Sephadex G-150 column 
(1.6 x 100 cm), equilibrated with the TRIS buffer containing 0.2 
M NaCl (5 ml fractions; flow rate, 30 ml/hr). The eluates were 
assayed for collagenase activity. Active fractions were pooled and 
concentrated to a small volume with Amicon UM-10 membrane. 
Ion-exchange chromatography was carried out in a DEAE- 
cellulose column (2.6 x 25 cm) equilibrated with the TRIS buffer. 
The column was eluted stepwise with increasing ionic strength of 
sodium chloride (3 ml fractions: flow rate 25 ml/hr). The eluates 
were monitored for protein and collagenase activity. 


Molecular weight determination was conducted by gel filtra- 
tion through a Sephadex G-150 column (1.6 x 100 cm). The pro- 
tein standards were y-globulin (160,000), albumin (68,000), 
ovalbumin (45,000), chymotrypsinogen (25,000) and cytochrome 
C (12, 400). 


Assay Procedures. Collagenase activity was determined by en- 
zymatic release of soluble radioactivity from reconstituted '*C 
collagen fibrils (20,000 cpm/mg). The radioactive collagen was 
extracted from guinea pig skin with sodium chloride and purified 
by the method of Gross.’ The reconstituted collagen fibrils were 
prepared from the solution of '*C collagen by mixing 0.05 ml of 
0.4% radioactive collagen (4,000 cpm) with 0.05 ml TRIS buffer 
and allowed to gel at 37° overnight. Aliquots (0.01-0.10 ml) of the 
enzyme were added to the collagen gels for assay with incubation 
at 37°C for four hours. Protein was determined by the method of 
Lowry et al.’ 
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COLLAGENASE ACTIVITY IN CARCINGMA OF PAROTID 


TABLE 1. COLLAGENASE ACTIVITIES OF PAROTID 
TUMORS 


ee _$:7000000—@0@$@099maD)])"— 


Tissue Specimen Cpm/mg* af Tissue 


Squamous cell carcinoma 256 
Squamous cell carcinoma 285 
Squamous cell carcinoma 352 
Malignant mixed tumor 0 
Malignant mixed tumor 30 
Malignant mixed tumor 89 
Benign mixed tumor 1) 
Adenocarcinoma 54 


*Collagenase activity expressed as cpm '*C collagen degraded/mg tissue 
in a 4-hr assay at 37°C. 


Inhibition Studies. The inhibitors used and their final concen- 
trations were as follows: fetal calf serum, 1:10 and 1:40 dilution; 
5x 10° M and 5 x 10? M cysteine; and 1 x 10° M and 4x 10? M 
EDTA. All assays were conducted at pH 7.6. 


Electrophoresis Methods. The homogeneity of human parotid 
tumor collagenase was examined by polyacrylamide gel elec- 
trophoresis according to the method of Davis’ using a 7.5% gel. 
The gel was stained with Coomassie Brilliant Blue R 250. The 
collagen-degraded products were subjected to electrophoresis in 
7.5% polyacrylamide gels according to the methoc of Nagai et 
al.!° The reaction mixtures containing 100 „g collagen and 20ug 
purified tumor collagenase in 0.1 ml TRIS buffer were incubated 
at 26°C for eight hours and, after adding one drop cf acetic acid, 
were denatured by heating at 45°C for five minutes. 


For determination of molecular weight, polyaerylamide gel 
electrophoresis in the presence of sodium dodecy'sulfate (SDS) 
was performed by the method of Weber and Osborn" using 10% 
polyacrylamide gels. The protein standards were albumin 
(68,000), glutamate dehydrogenase (57,000), giyceraldehyde 
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Fig. 1. Gel filtration in Sephadex G-150 oi human paro- 
tid tumor collagenase. The sample (216 mg protein) was 
applied to a Sephadex G-150 column (1.6 = 100 cm) and 
the column was eluted with 0.05 M TRIS-HC1, (pH 7.6) 
0.2 M NaCl, 0.005 M CaCl, (5 ml fractions; flow rate, 30 
ml/hr). An aliquot (0.1 ml) from each fraction was used for 
collagenase activity assay. 
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Fg 2. Ion-exchange chromatography in DEAE-cellu- 
los: of the concentrated human parotid tumor collagenase 
fran gel filtration. The sample (61 mg protein) was ap- 
plied to a DEAE-cellulose a aik (2.6 x 25 cm). The col- 
umn was then eluted stepwise with increasing ionic 
strangth of sodium chloride as shown (3 ml fractions; flow 
ra=, 25 ml/hr). An aliquot (0.05 ml) from each fraction 
ws used for collagenase activity assay. 


phospaate dehydrogenase (37,000), myokinase (27,000), 8-lacto. 
globu_m (17,500) and cytochrome C (12,500). The molecular 
weig™—s were plotted against the electrophoretic mobilities 
relatie to bromophenol blue in a semilogarithmic diagram. 


RESULTS 


Cəľagenase Activity of Parotid Tumors. Speci- 
mers of eight parotid tumors were analyzed for the 
leves of collagenase activity. Squamous cell carcin- 
oms of the parotid gland produced much higher 
levas of collagenase activity than nonsquamous 
tumors (Table 1). 


MULLUULAN WhiulitT ¥IAT4 
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Fig. 3. Determination of the molecular weight of hu- 
man parotid tumor (TC) by SDS-polvacrylamide gel elec- 
trophoresis. The protein standards were as follows: album- 
in (1), Pitapas dehydrogenase (2), glyceraldehyde phos- 
phate dehydrogenase (3), myokinase (4), 8-lactoglobulin 
(5), and cytochrome C (6). The arrow indicates the colla- 
genase band (20 yg protein) on the gel. 
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TABLE 2. PURIFICATION OF PAROTID TUMOR 


COLLAGENASE 
Specific 

Total Activity* Total 
Purification Protein (units/mg Activity Recovery 
Ste m rotein units % 
Crude enzyme 526.0 0.90 473 100 
(NH,).SO, 216.0 1.84 396 83 
Sephadex G-150 61.0 5.66 345 73 
DEAE-cellulose 13.6 7.87 107 22 
Polyacrylamide gel 0.9 25.80 23 5 
Sephadex G-150 0.3 66.70 20 4 


"Specific activity refers to ng collagen degraded/min/mg protein. 


Purification of Human Parotid Tumor Coliagen- 
ase. The ammonium sulfate enzyme preparation 
was eluted by gel filtration through a Sephadex 
G-150 column (Fig. 1). The enzyme activity was 
separated into one major peak and one small peak. 
Only the major peak was further purified. Ion- 
exchange chromatography of the parotid tumor col- 
lagenase was performed in a DEAE-cellulose col- 
umn (Fig. 2). Collagenase activity was eluted with 
0.2 M NaCl. The active fraction was further 
purified by extraction from polyacrylamide gel 
after electrophoresis and gel filtration throuzh a 
Sephadex G-150 column. The purified tumor col- 
lagenase showed a single protein band on polyaeryl- 
amide gel with (Fig. 3) or without sodium dodecyl- 
sulfate. The yield and purification of human paro- 
tid tumor collagenase are summarized in Table 2. 


Molecular Weight of Human Parotid Tumor Col- 
lagenase. The molecular weight of the parotid tu- 
mor collagenase was estimated between 32,000-35, 00 
using gel filtration through a Sephadex G-150 eol- 
umn. However, the molecular weight of 68,000 was 
obtained from SDS-polyacrylamide gel elec- 
trophoresis (Fig. 3). 


Action of Collagenase on Soluble Collagen. At 
26°C, the parotid tumor collagenase degraded the 
collagen molecule and produced fragments cor- 
responding to the size of three fourths the original 
molecule. The denatured products of the enzyme- 
collagen reaction mixture’ on polyacrylamide gel 
demonstrated: one new. band below the original 8 
band and another fwo new. bands below the 
“ original æ bands. => 


Effeet of Inhibitors. Enzymatic activity of 
human parotid tumor collagenase was inhibited by 
fetal calf serum, cysteine and EDTA (Table 3). 


DISCUSSION 


© The present study demonstrated the release of 
high levels of collagenase activity in the culture of 
squamous cell carcinomas of human parotid gland 
incubated in serum-free medium. A collagenase ob- 
tained from a single squamous cell carcinoma has 
been purified to homogeneity by procedures in- 
cluding precipitation with ammonium sulfate, gel 


TABLE 3. EFFECT OF INHIBITORS ON HUMAN PAROTID 


TUMOR COLLAGENASE 


Activity Inhibition 
Inhibitor Concentration (cpm) (% ) 
None 2240 
Serum 1:10 218 91 
1:40 516 77 
Cysteine 50 mM 870 61 
5 mM 1080 52 
EDTA 40 mM 404 82 
10 mM 692 69 


filtration through Sephadex G-150, ion-exchange 
chromatography with DEAE-cellulose, and extrac- 
tion from polyacrylamide gel after electrophoresis. 
Ion-exchange chromatography and gel electrophor- 
esis caused a marked loss of collagenase activity 


(Table 2). 


The purified human parotid tumor collagenase 
appears to be similar to other mammalian col- 
lagenases in many respects, such as action on col- 
lagen and response to common collagenase in- 
hibitors (Table 3). However, the parotid tumor col- 
lagenase similar to rabbit VX-2 carcinoma col- 
lagenase* is less sensitive to cysteine than other 
mammalian collagenases. 


The human parotid tumor collagenase has a mo- 
lecular weight of 32,000 based on gel filtration or 
68,000 determined by SDS-polyacrylamide gel elec- 
trophoresis. The molecular weight for collagenase 
derived from SDS-polyacrylamide gel electrophor- 
esis seems to be more reliable than that derived 
from gel filtration. This low value for a molecular 
weight of collagenase derived from gel filtration is 
possibly due to the anomalous interaction between 
collagenase and Sephadex beads. 


Analysis of human parotid tumor specimens 
showed that the squamous cell carcinoma produced 
much higher levels of collagenase activity than 
other parotid tumors such as benign and malignant 
mixed tumors and adenocarcinoma (Table 1). This 
is consistent with our previous report’? and that of 
other investigators’, indicating that the level of col- 
lagenase activity in squamous cell carcinoma is 
much higher than that of nonsquamous tumors. 
The squamous cell carcinomas used in the present 
study showed invasion of the dermis and had lymph 
node metastases. These data suggest that col- 
lagenase of squamous cell carcinoma of the parotid 
gland might play a significant role in local host con- 
nective tissue destruction associated with tumor in- 
vasion. Malignant mixed tumors and adenocarcin- 
oma are both locally aggressive and have a rather 
high incidence of regional metastases, approximate- 
ly 20% . These nonsquamous tumors, having very 
low levels of collagenase activity, might invade host 
tissue through action of other enzymatic systems. 
Specification of the types of enzymatic systems re- 
quires further exploration. 
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Our previous work’? and that of others'* have 
shown that collagenase is produced by tumor con- 
nective tissue stroma and not by the epithelial 
tumor cells. Parotid tumor cells may release a 
chemical mediator such as prostaglandin E, which 
is capable of stimulating the tumor connective 
tissue stroma to produce collagenase for breakdown 
of host connective tissue. Our recent work of rat 
prostate squamous cell carcinoma has demonstrated 
that prostaglandin E, is capable of stimulating the 
synthesis of collagenase (Huang CC, unpublished 
data). Collagenase produced by the tumor connec- 
tive tissue stroma suggests that collagenase produc- 
tion may be a wound response of the host to the 
presence of tumor cells. Tumors can be considered 
as nonhealing wounds in that the high production 


of collagenase may occur, resulting in the destruc- 
tion of connective tissue at the margin of tumors. 
Active wounds have shown higher collagenase ac- 
tivity “1an the normal tissues but less than that seen 
in tumors.° 

The squamous cell carcinoma specimens of 
parotid gland used in the present study showed 
ulceretion with necrosis and chronic inflammation. 
This suggests the possibility that collagenase could 
be also derived from macrophages and leukocytes in 
response to inflammatory effects of tumor, since 
these inflammatory cells have been shown to pro- 
duce collagenase.'* More work is required to 
understand the mechanism and regulation of col- 
lagenase production and the interaction between 
tumer eells and host. 
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TETRACYCLINE BONE LABELING 


AN IMPROVED TECHNIQUE USING INCIDENT FLUORESCENCE 
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Los ANGELES, CALIFORNIA 


A simple modification of the tetracycline bone labeling techique, based on the use of incident fluorescence, is introduced. The method 
has proven effective in the study of osteoneogenesis in bore grafts assisted by a soft tissue pedicle. The results obtained are highly specific, 


with new bone showing as a yellow band against blue 


background. The degree of fluorescence appears to be related to that of os- 


teoneogenesis and correlates well with histological findings of the same specimens when examined by conventional light microscopy. The 
main advantages of this new technique over currently usec methods are 1) avoidance of the time-consuming thinning procedure; 2) ability 


to study bone and surrounding soft tissues simultaneously; and 3) 
and histological examination of the same specimen. 


Milch et al’ reported in 1957 on the process of up- 
take and fixation of tetracyclines by bone in vivo. 
Since then the use of these antibiotics has become 
standard practice for the study of bone formation 
and, to this date, the original labeling technique has 
remained essentially unaltered. 


Microscopic observation of tetracycline-labeled 
bone is currently based on the use of transmitted 
fluorescence. This technique is time-consuming and 
does not allow for the simultaneous study of bone 
and related soft tissues. In this communication we 
introduce a modification based on the use of inci- 
dent fluorescence which permits the expeditious 
study of new bone formation in association with 
surrounding muscle and skin. 


METHODS 


Experimental Design. During the past three years, the 
tetracycline labeling technique described below was used in 
several experiments directed to a better understanding of the fate 
of pedicle-assisted bone grafts and involved a total of 20 
canines.’** A typical experimental model consisted of a cutan2ous 
or muscular pedicle in continuity with a bone graft supported by 
its periosteal attachments and the recipient area (bone or musele). 
The pedicles had an average length of 3.5 cm and an average di- 
ameter of 2 cm. The bone grafts were rounded or rectangular 
with an average area of 8.3 cm.* The thickness of these grafts 
varied between 1.1 cm and 2.2 cm. The grafts were removed 
from the experimental animals 10 to 220 days after transfer. 


Administration of Tetracycline. Demethylchlortetracyc ine 
hydrochloride (Declomycin) was used because of its higher 
fluorescence relative to other antibiotics of the tetracycline gro 1p. 
Two doses.of 75 mg/kg were administered intramuscularly, the 
first two weeks and the second two days preceding removal of the 
specimens. eye | 


Preparation of the Specimen. Specimens were removed by ex- 
cising them in conjunction with a generous amount of surround- 
ing tissue. They were fixed for ten days or more in 10% buffered 
formalin and then examined under the operating microscope. A 
typical specimen, measuring approximately 4 x 2 x 2 cm, was then 


one-to-one comparison and documentation of the results of fluorescence 


reduced by careful dissection to a composite block, approximately 
2 x 2x 1 cm, containing the bone implant sandwiched between 
the pedicle and the recipient tissue. Using a thin laryngeal saw, 
2.5 cm in diameter (Storz 77840), the specimen was first divided 
into two halves perpendicular to the bone graft, and then a 1 mm 
thick slice was sawed off the center of each half. 


Incident Fluorescence Technique. Specimens were examined 
by incident fluorescence using a Zeiss Photomicroscope III 
equipped with an epifluorescence condenser III RS and an HBO 
50 mercury lamp. Two settings were used: A) a blue interference 
exciter filter set at 455-490 nm, and FT 510 chromatic beam split- 
ter, and a LP 520 orange barrier filter; and B) a BP 405/5 and a 
BP 405/14 violet exciter filter, and FT 420 chromatic beam split- 
ter and an LP 418 colorless UV barrier filter. Color microphoto- 
graphs were taken at magnifications ranging between x16 and 
x40, using Kodak Ektachrome 200 or 400 ASA daylight film. 


Histologic Examination. After fluorescence examination and 
photographic documentation, all specimens were decalcified, em- 
bedded in paraffin, sectioned, and stained with hematoxylin and 
eosin. The sections were examined and photographed with the 
same Zeiss photomicroscope utilized for fluorescence work, but 
this time using transmitted bright field microscopy with a halogen 
lamp as source of illumination. 


RESULTS 


Under incident fluorescence tetracycline-labeled 
bone showed as a bright yellow band where the 
marker had been incorporated during osteogenesis 
(Figs. 1-3). The two fluorescence systems utilized 
yielded different results. System A, with an excita- 
tion wavelength of 455-490 nm, showed bright yel- 
low fluorescence with a blue background. 


Whereas the tetracycline-induced fluorescence 
was brighter and more abundant with system A, the 
presence of a blue background conferred much 
higher specificity to the results obtained with 
system B. The latter system was clearly superior and 
was adopted as the standard procedure on which 
are based the observations and illustrations pre- 
sented here. 
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Fig. 1. Osteocutaneous graft in the forehead of an adult do 
tramuscular tetracycline injection. An area of new bone forma 


the bone below and the vascularized pedicle above. (x48) 


Fig. 2. Osteocutaneous graft in the forehead of an adult do 


g removed six weeks after implantation and 14 days after in- 
tion is seen as a bright yellow band at the interface between 


g removed 16 weeks after implantation and 14 weeks and 2 


days after tetracycline injection. Under incident fluorescence two distinct bright yellow rings (arrows) point the site of ongo- 


ing new bone formation. (x120) 


Fig. 3. Osteomuscular flap implanted in the soft tissues of the neck in an adult dog, removed 4 weeks after implantation 


and 2 weeks after tetracycline in 
identified as an area of green-ye 


ection. A) Under incident fluorescence, a roof-shaped area of new bone formation can be 
low fluorescence (arrowheads). B) A deeper section from the same area shows a similarly 


shaped portion of newly formed bone (arrowheads) rimmed by numerous osteoblasts. (H & E, x200) 


The intensity of fluorescence appeared to be di- 
rectly related to the degree of osteoneogenesis, al- 
lowing the distinction of areas of new bone forma- 
tion from stable and inert areas. The technique was 
sensitive enough to show unequivocal ereas of fluo- 
rescence, even in very early new bone formation 
(ten days). The double injection method, used to 
obtain an approximate measure of the rate of new 
bone formation, consistently produced a double 
ring which was easily identifiable anc measurable 
(Fig. 2). 


When comparing the tetracycline-induced fluo- 
rescence localization with conventional light mi- 
croscopy of the same specimens, it was possible to 
identify with accuracy the areas of tetracycline up- 
take and their relationship to surrounding struc- 
tures, including soft tissues (Fig. 3). 


DISCUSSION 


The tetracycline molecule has the capacity to 
chelate with several biologically active ions such as 
calcium, magnesium, iron and copper.’ The anti- 
biotic, when present in the bloodstream, tends to 
deposit in areas where new bone is mineralizing fol- 
lowing the same pattern as calcium. Once deposited 


in newly mineralized matrix, tetracycline remains 
fixed in situ for a prolonged but as yet unspecified 
period of time. 


According to Frost et al’ tetracycline incor- 
perated to bone matrix during osteoneogenesis, 
when excited with an ideal wavelength range of 420 
to 460 nm, emits fluorescent light with a peak emis- 
sion wavelength between 480 and 660 nm. Of the 
two systems we utilized, system A, with an excita- 
tion wavelength ranging between 455 and 490 nm 
and a barrier filter set for a maximum wavelength 
of 510 nm, clearly gives the better yield. Yet the 
presence of abundant bright background is trouble- 
seme and makes it difficult to assess clearly the 
presence of small tetracycline deposits. System B, 
on the other hand, with an excitation range up to 
405 nm and a barrier filter set for a maximum 
wavelength of 418 nm, provides a much lower yield 
of fluorescence. This system, however, results in a 
much subdued blue background which enhances 
greatly the fluorescence present and provides a 
reasonably sensitive setting for the detection of . 
relatively small deposits of tetracycline in bone. In 
spite of being theoretically. less suitable, system B 
proved to be more sensitive than system A. A hypo- 
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thetical explanation for the discrepancy between 
our findings and those of Frost et al‘ is that the use 
of incident, as opposed to transmitted, fluorescence 
results in excitation of superficially loca-ed and 
probably hydrated tetracycline deposits. Tetracy- 
cline in aqueous solution has a peak excitation range 
between 390 and 450 nm, well within the capacity 
of our system B. 


So far, all the procedures for tetracycline bone 
labeling have involved the use of transmitted fluo- 
rescence, which in turn necessitates the preparation 
of bone specimens of no more than 50 pm in thick- 
ness. This approach has several disadvantages: 1) 
filing and polishing bone specimens to a thickness of 
50 um is a delicate, tedious, and time-consuming 
procedure; 2) as it is done by hand, this step often 
results in a specimen of uneven thickness, thus pre- 
cluding reliable quantitative assessment of tetra- 
cycline deposition; 3) a relatively small mechanical 
imprecision may result in the loss of a valuable, 
perhaps irreplaceable specimen; 4) soft tissues can- 
not be effectively incorporated into such thin speci- 
mens to be viewed under fluorescence microscopy; 
5) it is virtually impossible to study 50 um thick 
bone specimens with the resolving power provided 
by conventional light microscopy. 


The method we have been using involves the util- 
ization of incident fluorescence provided by a sys- 


tem analogous to that originally developed by 
Ploem.‘ This approach has several definite advan- 
tages over those using transmitted fluorescence: 1) 
As the incident fluorescent illumination is provided 
by the microscope objective lens, there is no need to 
use a bone specimen thin enough to allow the pas- 
sage of light. Therefore, the problems derived from 
tedious polishing of the specimen, uneven thickness 
of bone, and possible loss through accidental break- 
age are eliminated. 2) Soft tissues surrounding bone 
can be easily incorporated into the specimen. This is 
a very desirable feature when emphasis is placed on 
the study of vascularized bone grafts, as it allows 
for a better understanding of the role of each por- 
tion of the graft in its eventual survival. 3) Since the 
total thickness of the specimens utilized by incident 
fluorescence can be between 0.3 and 1 mm or more, 
it is quite feasible, after appropriate observation 
and photographic documentation, to process the 
very same specimen and the surrounding soft tissues 
for routine light microscopy. Since the specimens 
are prepared for histological study immediately 
after fluorescence evaluation, microphotographs of 
fluorescence and routine histological slides of the 
same tissue sections may later be compared at iden- 
tical magnification. This has proven to be especially 
valuable in the assessment of early new bone forma- 
tion. 
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SUDDEN DEAFNESS DUE TO INFECTION BY 
MYCOPLASMA PNEUMONIAE 
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DANIEL ZIKK, MD 
EMANUEL EYLAN, MD 


TEL AVIV, ISRAEL 


A case is described of sudden unilateral deafness associated with M 


ycoplasma pneumoniae. The hearing function of the patient re- 


turned to normal on the third day of treatment with tetracycline. M pneumoniae is a common causative agent of protean respiratory 
disease and the true incidence of hearing loss in these cases may be higher than reflected by the occasional reports. Therefore, appropriate 
laboratory studies should be included in the evaluation of sensorineural loss associated with diverse infections of the respiratory tract. 
Prompt diagnosis facilitates the administration of specific treatment. However, the actual contribution of tetracyclines to restoration of 


hearing cannot be assessed. 


INTRODUCTION 


Mycoplasma pneumoniae is a common etiological 
factor in a variety of respiratory diseases. Eaton 
atypical pneumonia represents 10-20% cf all cases 
of pneumonia in the United States (400,000 per 
year). The peak incidence of infection with M 
pneumoniae is at the age of 10 years and the disease 
is less common below 5 years and above 40 years of 
age.' Involvement of the nervous system was 
observed in 5% of mycoplasmal pneumonia cases: 
meningoencephalitis, cerebellitis, myeitis, and 
cranial nerve palsies are described.?- Other extra- 
respiratory symptoms include myositis. arthritis, 
myocarditis, and pancreatitis.' In the auditory sys- 
tem, otitis externa, myringitis bullosa, and serous 
otitis media may occur.*’” Reports on sensorineural 
hearing impairment are scarce. The clinical picture 
is that of sudden deafness and tinnitus, unilateral or 
bilateral, with signs of recruitment but no decay. 
The hearing loss may be temporary or permanent.*"° 
The diagnosis of an infection by M pneumoniae is 
based on serological tests, and/or isolation of the 
microorganism. Active infection is indicated by a 
fourfold or greater complement fixation titer rise 
between the acute and convalescent phase sera. 
Cold agglutinins are associated temporarily with 
clinical illness, prevail during the second week of 
the disease, and disappear within six weeks. Cold 
agglutinins are present in half of the M pneumoniae 
cases and may be positive in other conditions as 
well. +? 


CASE REPORT 


An 1l'4-year-old female was admitted because of sudden 
deafness in her left ear associated with tinnitus, ‘ever, vertigo, 
and malaise of 2 days’ duration. Physical examination was unre- 
markable, her eardrums were intact. Audiological tests (Fig. 1A) 
indicated a profound hearing loss in the left ear and normal hear- 
ing in the right ear. Caloric stimulation showed kypoactivity of 


the left labyrinth. Radiography of the chest and routine labora- 
tory tests of blood and urine were noncontributory. Recording of 
brainstem potentials at a stimulation rate of ten clicks per second 
showed intact N, through N; responses in the right ear. Brainstem 
transmission time (BSTT or the N,-P, interval) was 4.9 ms (nor- 
mal adult value: 4.7+0.1 ms). Cochlear microphonics were in- 
tact. In the left ear only N, and N,.; complexes could be clearly 
recorded. BSTT was prolonged (5.08 ms) and cochlear micro- 
phonics appeared to be abnormal. Stress test! at a stimulation 
rate of 50 clicks per second showed intact responses in the right 
ear. In the left ear only residual N, and N, responses were ob- 
served and BSTT was found to be markedly prolonged (Fig. 2). 
Several days following admission a productive, hacking cough su- 
pervened and on radiography a homogenous infiltration was ob- 
served in the left hilar region. The tentative diagnosis of an atypi- 
cal pneumonia was made and doxycycline was administered by 
mouth. On the third day of therapy the patient's body tempera- 
ture returned to normal, she stopped coughing, and her hearing 
function improved markedly. The affected left ear showed re- 
cruitment (Fig. 1B). 


Serological studies showed rising titers of complement fixation 
antibodies against M pneumoniae from 1:8 to 1:64 a week later. 
Follow-up two weeks later indicated decreasing antibody titers to 
1:16. 


PATHOLOGY AND PATHOGENESIS 


Mycoplasma pneumoniae attaches to the cell 
membrane of the respiratory tract epithelium. The 
agent is rarely isolated from the central nervous 
system or blood and it is possible that clinical symp- 
toms are mediated by an indirect mechanism, toxic 
or immunologic. '>'"? Some mycoplasmas, eg, Myco- 
plasma neuroliticum, produce an exotoxin. Other 
species release cytotoxic factors from lymphocytes. 
However, there is no evidence that M pneumoniae 
is capable of doing so.™'>'3 Immunologic mediation 
of some symptoms is suggested by thé fact that anti- 
bodies against M pneumoniae are cross-reactive 
with myocardium and brain tissue.2? The patho- 
genesis of the hearing loss is poorly understood. The 
cochlea appears to be involved primarily and it is 
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Fig. 1. Pure tone audiograms. A) Profound hearing loss in the left ear on admission: < - Right bone, unmasked; O - Right 
air, unmasked; | - Left bone, masked; L - Left amr, masked. B) Improved hearing in the left ear on the third day of therapy. 


usually affected during the first week of the Cisease. 
The main pathological findings in M pneumoniae 
infections are changes in the cerebral capillary en- 
dothelium, edema, occlusion of the lumen, and 
thromboembolic phenomena.' However, perusal of 
the literature did not disclose descripticns of 
changes in the temporal bone. 


M pneumoniae lacks a rigid cell wall and the 
clinical syndromes due to this microorganism are 
viral-like in nature. It is thus plausible that analo- 
gous findings may be sought for similar clinical 
states in some viral affections. 


Schuknecht et al'* studied temporal bones from 
six patients with sudden deafness associated with 
pneumonia, acute pharyngitis, or common cold. 
The salient findings were atrophy of the stria 
vascularis, organ of Corti, and tectorial memkrane. 
In a case of herpes zoster oticus, Friedman * has 
described what may possibly represent an earlier 
reversible phase of similar pathological process — 
round cell aggregation of the perivascular, perineu- 
ral, and intraneural areas of the cochlea and m the 
auditory nerve. Late in the disease process, about 
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Fig. 2. Cochlear microphonics (CM) and brainstem re- 
sponses recorded at 10 and 50 clicks per second. 


15 weeks after onset, fibrosis and osteogenesis set 
in.'® An irreversible state has been reached. 


DISCUSSION 


There have been few reports on the temporal 
association of sudden deafness with an infection by 
M pneumoniae. Van Dishoeck* was the first to 
describe this clinical picture in a mother and son. 
The mother manifested tinnitus and sudden unilat- 
eral sensorineural hearing loss with recruitment and 
without decay. The hearing loss persisted. In her 
son a temporary impairment of the hearing func- 
tion was observed. Additional sporadic cases were 
described.’'° However, it is possible that the true 
incidence of hearing loss due to M pneumoniae may 
be higher than the scarce reports suggest. This 
possibility is supported by the study of Jaffe.'° He 
reviewed 47 cases of sudden deafness of viral origin. 
In seven patients M pneumoniae was isolated from 
nasopharyngeal swabs and in an additional ten pa- 
tients serologic diagnosis was established (comple- 
ment fixation and cold agglutinins). 


The patient described in this report manifested 
hearing loss and vertigo. The hearing loss was prob- 
ably of cochlear origin and deficient cochlear 
microphonics were elicited. The recorded aberra- 
tions in auditory brainstem potentials (ABP) may be 
predominantly related to the hearing loss rather 
than a neurological dysfunction in the brainstem 
proper. A follow-up study of cochlear microphonics 
and ABP was not feasible. 


The clinical implication of this study is that ap- 
propriate serological and microbiological studies 
should become a part of the diagnostic test battery 
employed in the evaluation of the sensorineural 
hearing losses associated with a viral-like infection. 
An effective agent against M pneumoniae is 
available and hearing loss may be a reversible 
phenomenon is these patients. The actual value of 
such treatment in restoring hearing function cannot 
be assessed. 
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BIOFEEDBACK REHABILITATION IN SEVENTH NERVE PARALYSIS 


MIGUEL ANGEL CORRAL-ROMERO, MD ANDRES BUSTAMANTE-BALCARCEL, MD 


Mexico City. MEXICO 


Patients with facial paralysis do not always attain satisfactory recovery through surgery or medical treatment. It was decided that pa- 
tients could be reeducated by biofeedback training. The method was applied in ten patients: important improvements were achieved. It 
was concluded that this technique could be useful when the problem is of sufficient importance. 


> i À j i ABLE 2. SPECIFIC PROBLEMS 
Patients with facial paralysis do not always attain —— TAPIE A SELE s 














satisfactory recovery through surgery or medical No. of 
treatment. Many patients with partial recovery of — - - — 
the motor function (paresis), mass movements or Facial asymmetry durio relaxation 3 
contractures attend facial paralysis clinics. Among Profound nasolabial fissure on abnormal side 3 
the efforts for solving these problems has been the [Incomplete palpebral occlusion 3 
use of a mime professor to teach the patients to con- Asymmetric smile 9 
trol face movement.’ Good results were obtained Mass movement 4 


with this method. Taking this into consideration it 
was decided that patients could be reeducated by 
means of biofeedback training. Biofeedback? has 
been described as “a method of teaching one to 
learn to exert conscious control over areas of the 


cases other techniques to solve a specific problem are also applied 
(Table 2). 

The first step is to explain to the patient the facial muscle 
anatomy; with this information, he or she can better cooperate by 
moving the muscles as requested by the instructor. The patient is 


body which previously were thought to be outside asked to try to move the damaged side in front of a mirror. To 
of the conscious mind. Instruments are used which succeed in this task, it is necessary to cover the normal side in such 
eer amplify impulses coming from parts a way that the patient only sees the damaged side in the mirror: 


pieces of paper are placed on the face so the patient can see 


of the body which one wishes to alter. precisely if he has achieved the movement as desired (Fig. 1). 


The patient is taught to appraise the movement so he can rate it 
daily. Once a week the instructor evaluates the performance of 


METHODS 


Of the 957 patients of the Facial Paralysis Clinic of the Na- 
tional Institute of Neurology, we selected 10. These patients were 
chosen from those with at least a one-year evolution and no total 
recovery. All of them showed significant emotional distress and 
were willing to participate in an experimental program threugh 
to its conclusion. 

The diagnoses of the ten patients are presented in Table 1. The 
duration of facial paralysis was more than 1 year in 3 patients, 
more than 2 years in 3 patients, and more than 5 years in 4 pa- 
tients. 


A general method is used to reeducate the patient and in same 





TABLE 1. DIAGNOSIS AND DURATION OF ILLNESS _ 
: Time of Evolution 








Bell’s paralysis 





movement. 


Case | l yr 7 mo 
Case 2 17 yr 
Case 3 2 yr 
Case 4 6 yr 
Case 5 l yr 
Case 6 l yr 1 mo 
Cholesteatoma 2 vr 
Congenital ll yr å 
Postneurinoma with hypoglossofacial Iver Fig. 1. Lines on the face of the patient are drawn so as to 
anastomosis (postanastomosis) be seen correctly in a mirror. He tries to move the lines on 
"i i as the face as instructed to see if he has achieved the desired 
Cause undetermined 22 yr 
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the exercise and explains the patient’s errors. As an incentive for 
children, it is advisable to reward them whenever intermediate 
goals are reached. The patient is asked to perform the exercise as 
many times a day as he can; to ask for a maximum effort, it is 
necessary to know each patient’s working capacity. 


OBJECTIVES 


Asymmetry in Nasolabial Fissure. The objective 
in asymmetry in nasolabial fissure is to strengthen 
the movements opposing the nasolabial fissure. This 
problem is corrected by inflating the cheeks; one 
way of achieving it is by playing a trumpet. 


Elimination of Mass Movements. For the 
elimination of mass movement, the patient is in- 
structed to place the palm of his hand on his cheek 
in such a way that when he closes his eye or blinks, 
he can monitor the existence of movement on his 


cheek. 


Asymmetry in Smile. To achieve a symmetric 
smile it is necessary for the patient to learn to inflate 
and deflate the muscles of the damaged side in front 
of a mirror. 


Incomplete Palpebral Closure. An electrode is 
placed upon each eyelid in such a manner that, 
when the lids are moved, the wires touch, produc- 
ing an acoustic signal which informs him he has suc- 





Fig. 2. Electrodes placed on the eyelids. 
When they come in contact they produce a 
sound which allows the patient to know he has 
closed the eye. 


ceeded in performing the exercise (Fig. 2). Small 
amounts of air or water are also applied so that the 
uncomfortable sensation provokes the palpebral 
closure. When the patient has performed the exer- 
cises adequately, he is asked to carry them out in his 
norma! environment. 


RESULTS 


Patients achieved very important improvements 
in all cases of facial asymmetry during relaxation, 
reducing the nasolabial fissure and mass movements 
(Fig. 3 A, B). 


Of the 9 patients with smile asymmetry, 6 achieved 
important improvements, while 3 reached only par- 
tial improvement in relation to base line conditions. 
When the exercise was suspended in three patients 
with incomplete palpebral occlusion, a reversal of 
the previous result and even a regression to the in- 
itial level took place. At the reinitiation of the treat- 
ment the patients succeeded in closing their eyes in 
a permanent manner (Fig. 4 A, B). The improve- 
ment was measured by means of the displacement 
of painted lines on the face before and after the pro- 
cess of reeducation. Furthermore, the patients felt 
that improvement in their faces has been consider- 


able. 


Fig. 3. Patient, 12 years old, diagnosed 
as having congenital paresis. A) Specific 
problem is asymmetry of the smile. B) 
Asymmetry of the smile is less after six 
months of biofeedback training. 
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DISCUSSION 


The results obtained through biofeedback train- 
ing prove that in many cases of incomplete facial 
recovery there exists sufficient innervation in the 
muscles to enable improvement of the motion. Be- 
sides ipsilateral innervation, it is possible that the 
facial musculature may be reinnervated other than 
by regeneration of the affected facial nerve. 
Reviewing this subject, the possibilities of alternate 
routes such as the contralateral facial nerve, trigem- 
inal and sphenopalatine nerves had been pointed 
out. Biofeedback training is possible which will 
allow the brain to use the ipsilateral facial nerve 
and also alternate routes to control the facial 
muscles. 


It has been considered that mass movement is the 
result of the regeneration of the axons which lose 


Fig. 4. Same patient as in Fig. 3. A) In- 
complete Ba pO a closure. B) After two 
months of biofeedback training for palpe- 
bral closure. 


their normal disposition and experience intercross- 
ings. If the above is true, there is not sufficient 
reason to believe that the patient cannot learn to 
control this defect to the point that the facial move- 
ment can come close to being normal. 


In other words, it is possible to replace a spon- 
taneous facial expression by a controlled inhibited 
expression. 


CONCLUSION 


The biofeedback training could be a useful 
method for the improvement of those patients with 
sequelae of facial paralysis and it should be tried 
when the problem is of sufficient importance so that 
the effort which this procedure requires can be 
worthwhile. 
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STANDARDIZATION OF ACOUSTIC REFLEX LATENCY 
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Acoustic reflex latency can be prolonged in subjects with an acoustic tumor. Before reflex latency becomes employed clinically, 
methods for latency measurement should be standardized to reduce variability. In this investigation, the temporal characteristics of reflex 
latency were examined in humans and in monkeys. A method of latency determination that minimizes variability is described. 


INTRODUCTION 


Acoustic reflex latency, the dead time between 
stimulus onset and the onset of the acoustic reflex, is 
increased in auditory nerve and in brainstem disor- 
ders.'-* Several investigators have used a clinical 
electroacoustic impedance bridge to measure reflex 
latency as part of an audiometric battery for site of 
lesion testing.**-? Before latency becomes routinely 
employed, methods for latency measurement 
should be standardized to improve interexaminer 
confidence levels. 


There are several sources of variability for im- 
pedance bridge measurement of reflex latency. 
These include the following factors: 


Impedance Bridge. The bridge contributes its in- 
trinsic dead time to reflex latency and also limits the 
rate of rise of the output signal. These contributions 
and limitations vary among bridge models. ®-*° 


Stimulus Parameters. Reflex latency varies with 
stimulus intensity,''!? stimulus frequency,’*'* and 
stimulus rise time. '* These variables should be easily 
standardized since their respective influence on la- 
tency has been previously described. 


Polarity. On commercially available impedance 
bridges an acoustic reflex typically causes a 
downward deflection indicating a decrease in ad- 
mittance (the reciprocal of impedancz)'*® as shown 
in the reports of Clemis and Sarno’ and Gersdorff." 
However, most investigators report their data with 
the deflection upward indicating an increase in im- 
pedance.'-*:*'*:!5:18-20 This difference in display is 
confusing. In keeping with the format of most in- 
vestigators we show acoustic reflexes as changes in 
impedance rather than admittance. 


Reflex Pattern at Onset. Intersubject variability 
exists in the form of the reflex tracing at onset (Fig. 


1).2°?4 Some normal subjects have a monotonic 
reflex while others exhibit a biphasic reflex. 


The present study examines the latter source of 
variability in reflex latency measurement. In- 
vestigators vary in their methods for measurement 
of latency in this apparent dichotomy of responses. 
Some measure latency from stimulus onset to “Ly,” 
the first impedance change, without regard to 
whether the impedance change is positive or nega- 
tive (Fig. 1).:*'5° Others measure latency to “Ly,” 
the first positive impedance change.’ A third group 
measures latency to “Lz,” the point where ampli- 
tude reaches 10% of maximum positive amplitude 
from base line.??:?? 


Absence of a standard for latency measurement 
results in interexaminer variability. In addition, in- 
traexaminer variability occurs if the method for la- 
teney determination does not give comparable 
values in both monotonic and biphasic reflexes. 


Given this problem, we addressed the question: 
What are the temporal relationships of the various 
latency measurements in monotonic and biphasic 
acoustic reflexes? With this information, we hoped 
to derive a method of latency measurement that 
would yield comparable values in both monotonic 
and biphasic reflexes. The study was done in both 
humans and in monkeys to further evaluate any 
limitations in comparing impedance data among 
human and nonhuman primates in future investiga- 
tions. 


METHODS 


Subjects. Eight male monkeys ranging from 3 to 7 kg were 
studied. These included two crab-eating macaque (Macaca 
fascicularis) and six rhesus (Macaca mulatta) monkeys. All sub- 
jeets had normal eardrums to microtoscopy and normal type A 
tympanograms. 
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Fig. 1. A monotonic reflex (upper tracing) and a biplasic 
reflex (middle tracing) are schematized in response to a sin- 
usoidal stimulus (lower tracing). The measurements of la- 
tency are: Ly, to the first change in impedance; Ly, to the 
first positive deflection; and Lz, to 10% of maximum am- 
plitude. 


Eight humans, two males and six females, volunteered for the 
study. Each subject gave his (her) informed consent. All subjects 
denied a history of an otological disorder and had norma’ ear- 
drums to microtoscopy. The subjects had auditory thresholcs less 
than or equal to 15 dB re: ANSI-1969 at octave intervals from 
0.25 to 8 kHz, and normal type A tympanograms. Ages ranged 
from 26 to 34 with a mean of 29 years. 


Procedure. During testing, the unanesthetized monkeys sat in a 
standard primate restraint chair. All eight monkeys had a stainless 
steel head brace surgically fixed to the cranium at four points. A 
stabilization bar on the chair was coupled to the head brace tc re- 
strict movement sufficiently to permit testing the acoustic reflex. 
Both monkeys and humans were tested in a sound-attenuated 
room. 


A programmable frequency synthesizer (Rockland 5100) and 
an externally triggered switch (Murray Sachs’) generated the stim- 
ulus. The stimulus had a rise-fall time of 5 ms. The output intersi- 
ty was regulated by an attenuator (Hewlett-Packard 350-D), an 
amplifier (Dynakit Mark IV) and a transformer (United Trars- 
former Corp). The signal was delivered to the monkey’s ear by a 
speaker (Beyer-Dynamic) held by a circumaural rubber cushicn 
32 mm deep (adapted from Pfingst et al?5). The humans held the 
speaker and cushion assembly against their auricle. 


The output of the speaker was monitored by a 1.27 cm cor- 
denser microphone (Briiel and Kjaer 5134) with a 0.2 em probe 
tube located 0.2 cm from the speaker housing. The output of the 
microphone system was measured by a wave analyzer (Genera 
Radio 1900). The output voltage of the wave analyzer was con- 
verted to sound pressure level (SPL) in decibels re: 204Pa (method 
of Pfingst et al?5). 


Scalar acoustic impedance was measured in the ear con- 
tralateral to the stimulus by monitoring a 0.22 kHz probe tone 
with an electroacoustic impedance bridge (Madsen ZO-72). The 
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Fig. 2. A monotonic reflex (upper tracing) and biphasic 
reflex (middle tracing) are schematized in response to a 
tone stimulus (lower tracing). The measurements of laten- 
cy are: L4, to the first positive deflection; L,, to the first 
negative deflection; L,, to the center of the negative dip; 
and L,, to the beginning of the positive deflection. 


direct current offset in the bridge output was canceled by use of a 
differential amplifier (Tektronix 3A9). Both the bridge and tone 
switch outputs were continuously monitored during test sessions 
on a storage oscilloscope (Tektronix 564) and recorded on mag- 
netic tape with an FM instrumentation recorder (Hewlett-Pack- 
ard 3960). 


Pure-tone stimuli were presented for five seconds at a rate of 
4s/minute. Intensity was randomly varied in 5 dB steps and across 
frequency at octave intervals from 0.5 to 8 kHz. 


Reflex amplitude, latency, and rise time were measured off- 
line from taped data with a storage oscilloscope and a clinical 
averaging computer (Nicolet CA-1000). The trigger for the os- 
cilloscope, averaging computer, and time marker for analysis was 
derived from the recorded tone switch signal. | 


The electronic delay of the impedance bridge circuitry for a 
square wave stimulus ranged from 11-40 ms with a median of 12 
ms (modification of the method of Niswander and Ruth"®). Delays 
greater than 13 ms occurred when movement of the bridge 
balance meter in response to internal noise was in the direction 
opposite that of the stimulus. This variability was reduced by 
signal averaging. The bridge latency was sufficiently short so that 
valid reflex latency measurements were made in all cases. 


The time constant for the rate of rise of the bridge output"? for a 
pure-tone stimulus was 36 ms. This time constant was sufficiently 
short to follow acoustic reflex transients in most subjects. How- 
ever, some had response transients equal to or less than the bridge 
time constant making rise-time measurements of limited meaning 
in these subjects. 


Reflex latency was measured by either of two methods (Fig. 2). 
The median dead time for the bridge, 12 ms, was subtracted from 
each measurement. For a monotonic reflex, latency was mea- 
sured from stimulus onset until “L,,” the first detectable rise in 
impedance. For a biphasic reflex, latency “L,,” was measured 
from stimulus onset until the first detectable fall in impedance. 
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Fig. 3. A) Representative human tympanogram. B) Representative nonkey tympanogram. The probe tone for each was 


0.22 kHz. 


Latency “L,” was measured from stimulus onset until the middle 
of the nadir of the negative deflection. Latency “L,” was 
measured from stimulus onset until the return to base line. 


Acoustic reactance and resistance, components af the middle 
ear impedance vector, can be derived if external canal volume’ 
and phase angle of the reflected probe tone are known.” 
However, the Madsen ZO-72 bridge provides no phase informa- 
tion, making vector impedance determination impossible. Given 
this limitation, we elected to express the amplitude ef the acoustic 
reflex in arbitrary units inversely proportional to the bridge out- 
put voltage. The units are related to total scalar acoustic im- 
pedance of the external and middle ear. Changes in total im- 
pedance cannot be attributed to a unique shift in reactance or 
resistance. 


Statistical Analysis. The Wilcoxon Rank Sum Test was applied 
to the data summarized in the table to examine the null hypothe- 
sis that the individual latency measurements were drawn from 
populations having identical distributions.” Any p <0.05 was 
considered significant and the null hypothesis was rejected. 


RESULTS 


Representative human and monkey tympano- 
grams displayed amplitude maxima of comparable 
magnitude (Fig. 3). The two monkey species under 
investigation, rhesus and macaque, had tym- 
panograms similar to those in Figure 3. This con- 
trasts with diminished amplitude peaks for a 0.22 
kHz probe tone reported in squirrel monkeys.”* 


The human and monkey subjects had comparable 
reflex thresholds from 0.5 to 4 kHz (Fig. 4). These 
observations have been previously reported.**”° 


Latency in monkeys varied more than in humans. 
This variability was reduced by averaging. Mean 
latency data from one monkey with relatively stable 


responses were compared with averaged data from 
four humans (Fig. 5A). Latency decreased asympto- 
tically with increasing stimulus intensity.'!-!? The 
morkeys differed from the humans in that long la- 
tent periods, frequently in excess of one second, oc- 
curred near reflex threshold. 


Mean latency for biphasic reflexes was measured 
at three loci (Figs. 2 and 5B). The width of the neg- 
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ative dip, as determined by the intervals L,-Ly, 
L,-L;, and L,-L;, showed no systematic change 
with intensity.?? This characteristic also occurred in 
our monkey subjects. 


A human who displayed a monotonic reflex at 
one intensity and at one frequency would typically 
display a monotonic relex at other intensities and 
other frequencies. In contrast, the monkey showed 
considerable variability. For example, consecutive 
stimuli at the same frequency and the same intensi- 
ty may elicit a monotonic reflex on one occasion and 
a biphasic reflex on the next. 


Intrasubject comparisons between monotonic 
and biphasic reflexes were made in four monkeys. 
Reflexes of comparable steady state amplitude col- 
lected from three test sessions greater than 48 hours 
apart were grouped for analysis. Sampling was 
done in this manner in an effort to avoid the effects 
of threshold adaptation. The findings in one repre- 
sentative monkey are displayed in the table. The 
data show that the mean latency L, for monotonic 
reflexes lies between the mean latency L, and mean 
L, for biphasic reflexes. Because of intrasu ject 
variability, the relationship L< L4 <L, was not 
significant at the p <0.05 level. However, the re- 
lationship L,<L, was significant (p <0.01). 
Similar findings were observed in the three other 
monkeys. 


The relationship between monotonic and bi- 
phasic reflexes was examined in another light (Fig. 
6). What appears to be a monotonic reflex on the 
upper tracing with amplification is actually a bi- 


LATENCY MEASUREMENTS FOR MONOTONIC 
AND BIPHASIC REFLEXES FROM ONE MONKEY* 





Form of Locus of Mean Standard 
Reflex at Sample Latency Latency Deviateon 
Onset Size | Measurement ms ms 
Monotonic 8 La 245 58 
Biphasic 1] L, 154 42 
Lz 226 33 
L; 272 44 


*Stimuli were 1-kHz tones at 117 dB SPL re: 20 „Pa. Reflex threshald 
was 81 dB SPL. 


tLoci ilustrated in Fig. 2. 
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Fig. 5. Latency versus intensity 
function. A) Monotonic reflexes; 
data points are averages of at least 
ten responses for one monkey and 
four humans. The stimulus is a 1 
kHz tone. Reflex threshold was 86 
dB SPL for the monkey and a2 
mean of 91 dB SPL for the hu- 
mans. B) Biphasic reflexes; data 
points are averages of at least ten 
responses for two human subjects. 
The stimulus is a 1 kHz tone. 
Mean reflex threshold was 92 dB 
SPL. 
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phasic reflex with a small initial negative dip. La- 
tency L, for the monotonic reflex in the upper trac- 
ing falls between L, and L, in the lower tracing. If 
L, is projected from the upper tracing down to the 
lower tracing, L4 occurs at the first detectable in- 
crease in impedance in both traces. This finding 
was observed in all subjects. These data confirm the 
temporal relationship L< L4 < L; indicated in the 
table. 


By averaging many acoustic reflexes, subtle nega- 
tive dips were observed in subjects initially judged 
to have monotonic reflexes (Fig. 7). All human and 
monkey subjects exhibited sufficient variability 
such that with the use of averaging and/or magnifi- 
cation a negative dip could be demonstrated in all 
16 cases. For human subjects, the depth of the nega- 
tive dip ranged from 2 to 30% of the steady state 
amplitude. 
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Fig. 6. Top, a single monkey acoustic reflex for 0.5 kHz 
tone at 107 dB SPL. Bottom, same as above with ampli- 
tude magnified x8. At this magnification, the system was 
driven to saturation 405 ms after stimulus onset. 
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Fig. 7. Computer average of ten human acoustic reflexes 
from one subject (top). The stimulus was a 1 kHz tone at 
107 dB SPL. Bottom, same as above except amplitude 
magnified x32. At this magnification, the system was 
driven to saturation 130 ms after stimulus onset. 


DISCUSSION 


Although the monkey acoustic reflexes were more 
variable, the physiological acoustic similarities be- 
tween man and monkey have demonstrated that the 
monkey is a suitable animal model for studying the 
acoustic reflex. In this investigation, both subjects 
had comparable tympanograms, acoustic reflex 
thresholds, reflex latency versus intensity functions, 
and frequently exhibited biphasic acoustic reflexes. 
The biphasic reflex, under further investigation in 
our laboratories, is independent of tensor tympani 
function. This conflicts with a hypothesis based on 
human cadaver studies.” The origin of the biphasic 
reflex will be the subject of a future publication. 


This investigation examined the temporal rela- 
tionships of four latency measurements (L,, L2, Ls, 
and L,). Ideally, latency should reflect the 
minimum dead time between stimulus onset and 
the onset of the response. When measuring the 
latency of the acoustic reflex, the first detectable 
intra-aural muscle effect on impedance occurs at L, 
(Fig. 8). However, L, cannot be measured in mono- 
tonic reflexes. Therefore, L, is unsuitable as a 
standard measurement of reflex latency. 


We recommend that latency be measured at L4, 
the shortest latency common to monotonic and bi- 
phasic reflexes. Determining latency at La is 
facilitated by use of an averaging computer. The 
computer tends to flatten the nadir of the negative 
dip which accentuates the transition from the 
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Fig. 8. Monotonic reflex (upper) and biphasic reflex 
(middle) are schematized in response to a tone stimulus 
(lower). The latency measurements are: L,, to the first 
negative change in impedance; L4, to the first positive 
change in impedance; and Lz, to 10% of maximum ampli- 
tude. 


trougn to the positive wave (Fig. 6). Furthermore, 
the memory capability of the computer permits am- 
plitude magnification so that the transition at L4 is 
easy to define in both monotonic and biphasic re- 
sponses. 


Although more time-consuming, an alternative 
method is to measure latency at Lz, 10% of max- 
imum amplitude (Fig. 8). Note that maximum 
amplitude (Az) should be referred to the amplitude 
at La rather than base line. This will assure 
equivalent latency determinations in monotonic 
anc biphasic reflexes. 


As a word of caution, a bridge used for latency 
determination measurement should have its latency 
and time constant sufficiently short to follow 
aceustic reflex transients. In subjects with rapid 
onset responses, latency measurements may only be 
possible at L, or L4. Latency at Lz would be invalid 
if the reflex onset transient is less than the bridge 
time constant. 


SUMMARY 


Before acoustic reflex latency determination 
becomes a clinical routine, measurements should be 
comparable among subjects. We recommend utiliz- 
ing an averaging computer to measure latency at 
the first detectable rise in impedance in both 
monotonic and biphasic reflexes. 
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Fifty-six patients with chronic allergic rhinitis were selected for a randomized double-blind study comparing oxatomide with a 
placebo. At the end of the 1-month treatment period symptoms had disappeared or were markedly improved in 81% of the oxatomide- 
treated patients compared with only 17% of the placebo group. Therapeutic control was achieved in most patients with a dose of 30 mg 
bid. Improvements were characterized by a reducticn in the number, duration and severity of episodes of rhinitis. Oxatomide also 
significantly reduced the requirements of patients for additional antiallergic medication. No significant side effects were reported. 


INTRODUCTION 


Oxatomide is a new antiallergic drug with novel 
properties. *? Oxatomide inhibits mast cell mediator 
release in response to IgG- and IgE-mediated hy- 
persensitivity states by preventing mast cell 
degranulation.** Oxatomide also inhibits the at- 
tachment of different mediators of allergic reactions 
to smooth muscle cell receptor sites.*’* 


Three independent controlled studies have shown 
oxatomide to be superior to both placebo and the 
widely used antihistamine drug diphenhydramine 
in the treatment of seasonal allergic rhinitis (hay 
fever) .°° 


The present trial was designed to evaluate oxato- 
mide in the treatment of patients with chronic aller- 
gic rhinitis, defined as a condition occurring 
throughout the year in frequent attacks with short 
remissions and without obvious seasonal relation- 
ship. Particular attention was paid to the influence 
of oxatomide on the frequency as well as the severi- 
ty of rhinitis “attacks,” ie, recurrence of symptoms. 


METHODS 


Fifty-six patients who had suffered from chronic allergic rhini- 
tis for a median time of three years took part in the study (Table 
1). Four patients were asthmatic and three were hay fever suf- 
ferers but rhinitis was not associated with polyposis. The majority 
of patients presented with a history of allergic rhinitis supported 
either by the presence of eosinophilia (8 patients) or by positive 
skin tests 38 patients) using inhalant allergens (house dust, house 
dust mites, pollen, mold spores, wool, and cat epithelium). No 
evidence was found of food allergy. Seven subjects were admitted 
into the trial solely on the basis of a history of clinical symptoms 
while three others responded positively to more than one of the 
diagnostic tests (skin test, eosinophilia, radioallergosorbent test). 


At the first visit patients withdrawn from previously used anti- 
allergic Crugs were randomly assigned to oxatomide (30 mg) or 
identical-looking inert tablets. The initial dose was two tablets 
taken daily, one in the morning and one in the evening. This dose 
was doubled after the first week of treatment if improvement was 
insufficient. Patients were allowed a maximum of three tablets 
2.5 mg isopropamide iodide + 10 mg cinnarizine + 50 mg nor- 
ephedrine hydrochloride (Rinomar) a day for the supplementary 
symptomatic control of rhinitis only if the double-blind medica- 
tion was ineffective. At the end of the trial, the patient’s responses 
were rated as being “excellent” (rapid disappearance of symp- 
toms), “good” (marked reduction of complaints), “moderate” 
(slight but definite improvement) or “insufficient” (virtually no 
improvement). 


TABLE 1. PATIENT CHARACTERISTICS 


Oxatomide Placebo Total Statistical 
Group Group Population Intergroup 
Characteristics (n = 27) (n = 29) (n = 56) Comparison { 
Sex 
Males 14 14 28 F 
Females 13 15 28 F 
Age (yr) Median (range) 32 (13-52) 40 (11-72) 33 (11-72) MW 
Weight (kg) Median (range) 64 (35-76) 62 (34-78) 62.5 (34-78) MW 
Duration of chronic allergic rhinitis (yr) * 
Median (range) 3 (1-> 20) 4 (3 mo- > 20) 3 (3 mo- > 20) MW 
Concomitant allergic diseases 
Patients with hay fever 2 l 3 F 
Patients with asthma l 3 4 F 


*Only one patient had suffered allergic rhinitis for less than a year. 
tF - Fisher test; MW - Mann-Whitney U test; no significant differences were found. 


REPRINTS — E. Vannieuwenhuyse, MD, Tuyaertstraat 51, B-2650 Boom, Belgium. 
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TABLE 2. RESULTS OVER ENTIRE OBSERVATION PERIOD 
SS GŘ 


Oxatomide Group (n = 27) 


Placebo Group (n = 29) 


Median Range Median Range ig 


% of days with complaints 55.20 
% of days with Rinomar 27.60 
Mean individual Rinomar consumption{ 0.31 
Mean individual severity score{ 
All complaints 1.80 
Sneezing 0.55 
Watery nasal discharge 0.45 
Nasal congestion 0.48 
Eye itching$ 0 
Lacrimation$ 0 


“Mann-Whitney U test. 


{Sum of all tablets taken by each patient/no. days patient was in study. 


(2.7-100) 92.90 (44.8-100) <0.01 
(0-79.3) 69.00 (6.9-100) <0.001 
(0-1.1) 0.90 (0.28-2.6) <0.001 

(0.7-4.1) 3.40 (1.5-8.9) <0.001 

(0.28-1.38) 0.98 (0.34-2.58) < 0.001 

(0.07-1.38) 1.00 (0.35-2.05) <0.001 
(0-1.79) 0.93 (0.14-2.08) < 0.001 
(0-0.76) 0 (0-1.18) NS 
(0-0.55) 0 (0-2.0) NS 


fSum of scores for each patient/no. days patient was in study. 0 - Absent; 1 - Mild; 2 - Marked; 3 - Severe. 


{Complaints present in less than ten patients of either group at the start. 


To allow a detailed evaluation of the treatment patients were 
requested to keep a daily record of the severity of their condition. 
Five symptoms of rhinitis (sneezing, watery nasal discharge, nasal 
congestion, eye itching, and lacrimation) were graded as being 
absent (0), mild (1), marked (2), or severe (3). To correct for some 
differences in the duration of follow-up, the total number of com- 
plaint-free days for each patient was expressed as a percentage of 
the duration of the total observation period. The study took place 
out of the pollen season to ensure that symptoms were not 
mistaken for those caused by hay fever. 


RESULTS 


Twenty-seven patients were treated with oxato- 
mide. Twenty-nine received the placebo; three who 
experienced insufficient symptomatic relief discon- 
tinued treatment after 11, 12, and 21 days respec- 
tively. All patients were followed up for 27 to 31 
days except one in the placebo group who was treated 
for 40 days. Patient characteristics (Table 1) at the 
start of the trial were comparable between the two 
groups (p>0.05, Mann-Whitney U test and Fisher 
exact probability test). 


At the end of the first week of treatment the start- 
ing dose was doubled by 72% of the placebo-treated 
patients compared with only 26% of the oxatomide 
group. This difference was statistically significant 
and favored active treatment (p<0.001, Fisher ex- 
act probability test). Moreover, two of the seven ox- 
atomide-treated subjects who doubled their dosage 
showed an “excellent” or “good” result at the end of 
the study. 


When assessed over the 1-month treatment pe- 
riod oxatomide was superior to the placebo in in- 
creasing the number of complaint-free days, in re- 
ducing the number of days of administration and 
the mean daily dosage of Rinomar, and in alleviat- 
ing the symptoms of rhinitis (Table 2). The onset of 
action of oxatomide was fairly rapid with signifi- 
cant intergroup differences in symptom severity be- 
ing observed in the placebo-treated patients which 
were slower in onset and less marked and may be 
partly explained by their high daily intake of Rino- 
mar tablets (the figure and Table 3). 


Statistically significant intergroup differences in 
favor of oxatomide were also demonstrated when 
the drug was evaluated on the basis of its ability to 
shorten the duration of attacks of rhinitis, and to 
reduce both the severity of symptoms and the re- 
quirement for concurrent medication during these 
episodes (Table 4). 


The results of the global assessments made at the 
end of the study are shown in Table 5. Good or ex- 
cellent responses were obtained for 81% of the ox- 
atomide group against only 17% of the controls. 


Therapeutic improvements were observed in the 
absence of significant side effects: one oxatomide- 
treated patient reported slight drowsiness and 
another, who also took about one Rinomar tablet 
daily, reported fatigue. 


TABLE 3. RINOMAR CONSUMPTION* 


Time (days) 
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 96 927 928 


Placebo group 
PAT sli 25 27 24 22 21 22 24 21 19 17 15 15 17 21 15 17 16 13 18 16 18 11 18 17 14 14 16 
TAB 1.3 1.5 1.3 1.3 1.2 1.3 1.3 1.2 1.2 1.1 0.9 0.8 0.7 0.8 1.0 0.8 0.9 1.0 0.7 0.9 1.0 0.9 0.7 0.9 1.0 0.8 0.7 0.7 
Oxatomide 
group 
PAT is 2) 22 wil 7 &€ Bu 7 6 8 suge 6 OS 6b ti 6 eH TUDA pD 43 
TAB 0.8 0.9 1.0 0.8 0.5 0.3 0.3 0.5 0.6 0.3 0.3 0.4 0.5 0.5 0.3 0.3 0.2 0.2 0.2 0.1 0.1 0.3 0.2 0.4 0.2 0.1 0.2 0.1 


PAT - No. of patients taking Rinomar tablets; TAB - Mean no. of Rinomar tablets taken in the group. 
*The patient distribution of total Rinomar consumption in each group was comparable (p>0.05, Mann-Whitney U test). 
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on each particular day / number of patients treated) 


Mean severity score for all complaints 


(Sum of scores 





Student's t test (two-tailed probability) 


@ oxatomide group % p (0.05 
% % p (0.01 
©) placebo group % % Hp (0.001 


Time (days) 





14 1% 16 17 18 19 20 21 22 23 24 2 2 27 2 


Changes in symptom severity and Rinomar administration in patients with chronic allergic rhinitis. 


DISCUSSION 


For the symptomatic control of chrenic allergic 
rhinitis the administration of antihistamines or 
sodium cromoglycate fails to provide adequate re- 


trolled by a dose of 30 mg bid and therapeutic im- 
provements, manifest as a reduction in the number, 
duration, and severity of rhinitis attacks, became 
fully established after only six days of treatment. 


TABLE 4. RESULTS CONCERNING THE ATTACKS 
68S a a aaa 


Oxatomide Group (n = 27) 


Median 

Individual mean daily no. of Rinomar tablets 

during attacks 1.00 
Individual mean severity score of all complaints 

during attacks 3.30 
Duration of the first attack (days) 8.00 
Duration of first attack-free period (days) 2.00 
Individual mean duration of all attacks (days) 3.70 
Individual mean duration of all attack-free 

periods (days) 3.25 


*Mann-Whitney U test 


lief in a significant number of patients. In the pres- 
ent study investigating the use of oxatomide, a new 
antiallergic drug combining the mast cell stabilizing 
properties of sodium cromoglycate with the recep- 
tor-blocking properties of the antihistamines,’ ade- 
quate clinical control was obtained in all 27 pa- 
tients assigned to active treatment. Moreover, in 
81% clinical responses were graded as marked or 
excellent. 


For the majority of patients symptoms were con- 


Placebo Group (n = 29) 


Range Median Range eg 
(0-2.2) 1.40 (1-3) < 0.001 
(2.2-6.1) 3.60 (2.7-8.9) <0.05 
(1-29) 16.00 (3-31) <0.05 
(0-15) 1.00 (0-7) <0.01 
(2.2-29) 11.30 (1.9-3.1) <0.05 
(0-15) 1.25 (0-4.0) 0.001 


Oxatomide thus appears to offer an advantage 
over other drugs used to treat allergic rhinitis. 


TABLE 5. GLOBAL EVALUATION 


Oxatomide Placebo 
Group Group 
Rating (n = 27) (n = 29) p* 
Excellent 6 0 
Good 16 5 
Moderate 5 14 <0.001 
Insufficient 0 10 


*Mann-Whitney U test 
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= he unique Nasalide" (flunisolide) 
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Non-Freon delivery. 


The Nasalide hand-activated pump is Freon-free, which eliminates 
aerosol dryness and minimizes long-term irritation to the mucosal mem- 
brane. Mild, transient nasal burning or stinging (ysually lasting only a few 
seconds) Is the most frequent side effect. (See Adverse Reactions section 
of Brief Summary of Prescribing Information on next page.) 


Propylene glycol vehicle. 


Gentle mist penetrates less accessible areas, affords maximum spray 
dispersion while moisturizing the mucosa. 


Steroid in total solution. 


Unlike other agents, theres no need to shake medication before 
each use. Your patient receives a metered dose of medication that's 
evenly distributed throughout the nasal mucosa. 





Recommended for use in 
children 6-14 years old?” 


In a series of rigorously controlled trials with 163 children, Nasalide was 
found to effectively contro! the symptoms of seasonal and perennial 
rhinitis and was well tolerated. 


|. Mygind N, 2. Sarsfield JK, Thomson 4. Strem EL, Austrian S$, 5. Gale AE, Solomor€, 

Vesterhauge S: Aerosol GE: Flunisolide nasal Geller G, et al: Tao BSK: Intranasal top- 

distribution in the nose spray for perennial Flunisolide nasal spray ical flunisolide therasy 

Rhinology 16:80, 1978. rhinitis in children. Brit for the treatment of in children with seasonal 

(Methodology useda cast Med J 2:95-97, 1979. children with seasonal allergic rhinitis. Clin 

of a human nose.) allergic rhinitis. Ann Allergy 10:527-533, 1980. 
3. Siegel S, Katz R, Allergy 41:145-149, 1978. 


Rachelefsky G, et al: 
Flunisolide aerosol 
treatment of perennial 
allergic rhinitis in 
children. J Allergy Clin 
Immunol 6! :152-157, 1978. 





Effective symptom control in 
seasonal and perennial rhinitis” 


Non-Freon 


Nasalide 
flunisolide 5 J a 
nasal solution 0.075% ome e 


“When antihistamine/decongestant therapy is unsatisfactory, Please see Brief Summary of Prescribing Information on next page: | 
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Nasalide® 
(flunisolide) 


Use in children 6 to 14 years old 


Usual dosage” 


“Dosage may be increased or decreased depending on severity of symptoms. 


No adverse corticoid side effects at 
recommended doses:.'-> 

However, exceeding recommended doses should be avoided since 
flunisolide is absorbed into the circulation and there was evidence, 


though minimal, of systemic effects at higher thar recommended doses. 


(See Precautions and Adverse Reactions sections of adjacent 
Brief Summary of Prescribing Information.) 


Unlike antihistamines —no sedative effects. 
Unlike nasal decongestants —no CNS excitation, 
no rebound congestion. 


|. Gale AE, Solomon E, Tao BSK: Intranasal topical flunisolide therapy in children with seasonal allergic rhinitis 
Clin Allergy 10:527-533. 1980 


2. Chaplin MD, Rooks W II, Swenson EW, et al: Flunisolide metabolism and dy aamics of a metabolite 
Clin Pharmacol Ther 27:402-412, 1980. 


3. Siegel S, Katz R, Rachelefsky G, et al: Flunisolide aerosol treatment of perennial rhinitis in children 
J Allergy Clin Immunol 61:152-157, 1978 


4. Sy R: Flunisolide intranasal spray in the treatment of perennial rhinitis. Arch Dtolaryngo!l 105:649-653, 1979 


5. Clayton DE, Kooistra JB, Geller M, et al: Short-term efficacy trial and twenty-four month follow-up of 
flunisolide nasal spray in the treatment of perennial rhinitis. | Allergy Clin Immunol 67:2-7, 1981 
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For seasonal and perennial rhinitis. 


Non-Freon 


flunisolide 





nasal solution O.O25% DIG. 





Nasalide flunisolide): 





Brief Summary 
Description: Each bottle contains flunisolide in a solution of 
propylene glycol. polyethylene glycol 3350 and purified 
water buffered with citric acid/sodium citrate, with benzal- 
konium chloride added as a preservative, and NaOH and/or 
HC! added to adjust the pH. It contains no fluorocarbons. 
Indications: For relief of the symptoms of seasonal or peren- 
nial rhinitis when effectiveness of or tolerance to conven- 
tional treatment is unsatisfactory. 
Improvement is usually apparent within a few days after 
starting Nasalide but may take as long as 2 weeks in some 
patients. Although systemic effects are minimal at recom- 
mended doses, Nasalide should not be continued beyond 3 
weeks in the absence of significant symptomatic improvement. 
Nasalide should not be used in the presence of untreated lo- 
calized infection involving nasal mucosa. 
Contraindications: Hypersensitivity to any ingredients. 
Warnings: Patients transferred from systemic steroid therapy 
to Nasalide should be monitored to avoid acute adrenal in- 
sufficiency in response to stress. Since some patients may 
experience symptoms of withdrawal, attention must be 
given to patients previously treated for prolonged periods 
with systemic corticosteroids, particularly those with as- 
sociated asthma or other clinical conditions where too rapid 
a decrease in systemic corticosteroids may cause a severe 
exacerbation of symptoms. Nasalide should be used with cau- 
tion in patients on alternate-day prednisone for any disease. 
Precautions: General: Localized Candida albicans infections 
of the nose and pharynx occurred only rarely in clinical 
Studies, but if such an infection presents, treatment with ap- 
propriate local therapy or discontinuation of Nasalide treat- 
memt may be required 
Flunisolide is absorbed into the circulation. Systemic effects 
have been minimal with recommended doses but larger 
doses should be avoided since excessive doses may suppress 
hypothalamic-pituitary-adrenal function 
Nasalide should be used with caution in patients with active 
Or quiescent tuberculosis infections of the respiratory tract: 
untreated fungal, bacterial, or systemic viral infections; or 
ocular herpes simplex 
In patients who have experienced recent nasal septal ulcers, 
nasal surgery, or trauma, a nasal corticosteroid should be 
used with caution until healing has occurred 

Information for Patients: Nasalide should be used as 
directed at the prescribed dosage Nasal vasoconstrictors or 
oral antihistamines may be needed until the effects of 
Nasalide are fully manifested. The patient should follow the 
Patient Instructions carefully and should contact a physician if 
symptoms do not improve, if the condition worsens, or if 
sneezing or nasal irritation occurs 

Carcinogenesis: While no evidence of carcinogenicity 
was found in a 22-month study in Swiss-derived mice, there 
was a slight increase in the incidence of pulmonary adeno- 
mas which was well within the range of spontaneous adeno- 
mas previously reported for untreated Swiss-derived mice 

Impairment of Fertility: Female rats receiving high 
doses of flunisolide (200 mcg/kg/day) showed some evi- 
dence of impaired fertility. Reproductive performance in 
low and mid dose groups was comparable to controls 

Pregnancy: Pregnancy Category C. The drug has been 
shown to be teratogenic and fetotoxic in rabbits and rats 
The drug should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus 

Nursing Mothers: Because other corticosteroids are 
excreted in human milk, caution should be exercised when 
the drug is administered to nursing women, 
Adverse Reactions: The most frequent complaints were mild 
transient nasal burning and stinging (reported in approxi- 
mately 45% of patients). These complaints do not usually 
interfere with treatment; in only 3% of patients was it nec- 
essary to decrease dosage or stop treatment because of 
those symptoms. 
Incidence of 5% or less: nasal congestion, sneezing, epistaxis 
(bloody mucous), nasal irritation, watery eyes, sore throat, 
nausea and/or vomiting, headaches and loss of sense of smell 
and taste. In rare instances, nasal septal perforations were 
observed during the studies but a causal relationship with 
Nasalide was not established 
Systemic corticosteroid side effects were not reported dur- 
ing the controlled clinical trials. If recommended doses are 
exceeded, or if individuals are particularly sensitive, 
symptoms of hypercorticism could occur. 
Dosage and Administration: Full therapeutic benefit re- 
quires regular use and is usually evident within a few days, 
but up to 3 weeks may be required for some patients to 
achieve maximum benefit. Patients should use a deconges- 
tant and clear their nasal passages of secretions prior to use. 
Recommended starting dose in adults: 2 sprays in each nos- 
tril b.i.d. If needed, increase to 2 sprays t.i.d 
Recommended starting dose in children (6-14 years): | spray 
in each nostril t.i.d. or 2 sprays in each nostril b.i.d. Not rec- 
ommended for use in children less than 6 years old 
Total daily doses: not to exceed 8 sprays in each nostril for 
adults and 4 sprays in each nostril for children 
Maintenance dose: smallest amount necessary to control 
symptoms. 
How Supplied: Each 25 m! Nasalide® (flunisolide) nasa! solu- 
tion spray bottle (NDC 0033-2906-45) contains 6.25 
mg (0.25 mg/ml) of 
flunisolide and is sup- 
plied with a pump unit, 
nasal adapter with 
dust cover, and patient 
instructions 


Syntex Laboratories, Inc. 
Palo Alto, CA 94304 
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COMPARISON OF NORMAL EUSTACHIAN TUBE FUNCTION 
IN THE RHESUS MONKEY AND MAN 


ERDEM I. CANTEKIN, PhD 
WILLIAM J. DOYLE, PhD CHARLES D. BLUESTONE, MD 


PITTSBURGH, PENNSYLVANIA 


Employing inflation-deflation and forced-response tests, the eustachian tube (ET) function was evaluated in six adult human subjects 
with traumatic perforations of the tympanic membrane and otherwise negative otologic histories; and 15 juvenile or adult rhesus monkeys 
with freshly created myringotomy perforations of the tympanic membrane and otherwise documented normal middle ears. The study find- 
ings demonstrated that the rhesus monkey ET functions as a scaled down model of the ET of man, exhibiting a shorter tubal dilation dura- 
tion and a lesser capacity to pass air. When ET function in the two species was compared using a dimensionless measure expressing the 
tubal dilation efficiency, the operational biomechanics ef both systems were found to be almost identical. These observed functional hom- 
ologies between man and the rhesus monkey ET systems suggest that the rhesus monkey is a suitable animal model in which to study the 
pathogenesis of otitis media with effusion, stemming from ET dysfunction. 







INTRODUCTION of gas absorption studies in the rhesus monkey mid- 
In the quest for a better understanding of the dle ear have implied that the mechanisms for the 
pathogenesis of otitis media with effusion, several development of high negative middle Car Pressure 
species of animals were studied in order to create a commonly obser ved n humans with ET dysfunc- 
suitable animal model. The choice of the rhesus tion may be entirely different from the currently 
monkey (Macaca mulatta) as an animal model is supported hypothesis. 
substantiated by a obser SS ese ch ate The present investigation was conducted in order 
anatomical homologies in the middle ear-eustach- to expand our understanding of normal ET function 
ian tube (ET) system between man and the rhesus in man. The aim of the present study was to com- 
a . : ; 
monkey, * Using this animal model, the causal pare the normal ET function of a group of rhesus 
relationship between ET dysfunction and otitis monkeys to a group of human subjects without otitis 
media rh poa Was perg i ated. Aa i media and show a functional-anatomical congruen- 
rent studies of anatomy? and physiology* of t © cy. Such a demonstration will better define the in- 
paratubal muscles have shown that the tensor veli terrelationships between structure and function, 
palatini muscle is the only dilator of the ET. Results thus rationalizing the use of the rhesus monkey 
50 O 
FE 
i INT 100lmbeb i 
oy EEE A E E EE E E R R E Fig. 1. An example recording of the 
I 25 EE V A A E GG) A -25 inflation-deflation test in the human sub- 
Ẹ S REE] FES EE Bd E ject. The upper traces show middle ear 
= ERI EER BR EPS 3 sa GE GB pressure (P) and the lower traces show 
a 
ER) El FEE GREE FEES Pas RE GEE A E the simultaneous flow measurement (Q) 
taasi hess dans alte sadi saii ano ans kanes coat aes through the ET. Flow direction is taken 
z oL EEEE EEEE EE -s0 as positive when air is evacuated from the 
2 = middle ear cavity. The equilibration at- 
q < tempt by swallowing for applied positive 
g = middle ear Tosun (inflation) and for 
z 50 ò 0 ce pica pressure (deflation) are 
epicted. The duration of active tubal 
dilation (T4) is defined as the elapsed 
z time between two consecutive steady 
Ẹ = pressure levels. Also, middle ear pressure 
8 25 drop per swallow (AP) and maximum 
ö goy rate (Quax) through the ET are 
shown. 
0 -50 
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Fig. 2. An example recording of forced-response test in the rhesus monkey. Using a constant 
flow pump, the middle ear is inflated with fixed pressure rate (È) and the ET is forced open (P-). The 
lower trace shows the abrupt change in flow rate (Q) during forced opening. The pump maintains a 
constant flow rate. The pressure reaehes a steady level (Po), and flow rate through the ET stabilizes 
(Qo). The pressure to flow ratio at this steady-state is taken as the passive resistance. The spike in the 

ow trace with a corresponding drop in pressure shows active tubal dilation during swallowing. The 
ratio of pressure before the drop (P4) to the maximum flow rate during swallowing (Q4) is defined as 


the active resistance. 


animal model to study the pathogenesis of otitis 
media with effusion. 


METHODS AND MATERIALS 


ET function was assessed in six adult human subjects (mean age 
29 years) with traumatic perforations of the tympanic membrane 
and otherwise negative otologic histories, and in 15 juvenile or 
adult rhesus monkeys (2-6 kg) with freshly created myringotomy 
perforations of the tympanic membrane and otherwise docu- 
mented normal middle ears. Each human subject was tested on 
three different occasions within a 2-week period whereas each 
rhesus monkey was tested 3 to 8 times during a 6-month study 
period. The animals were alert and awake, sitting in a primate 
restraining chair during the testing procedure. 


ET function testings were conducted employing a manometric 
system designed to monitor the pressure and airflow rate.'® A pos- 
itive displacement constant flow pump was used to induce vari- 
able rate positive and negative pressures in the middle ear. The 
airflow rate was monitored by a laminar flow element. A dif- 
ferential pressure across the laminar flow element and the up- 
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stream and downstream pressures were measured by pressure sen- 
sors, fed into signal conditions and displayed on an oscillograph. 


Tubal function was assessed using two tests: the inflation-defla- 
tion test and the forced-response test. Figure 1 shows an example 
of recordings from the inflation-deflation test where the subject’s 
ability to equilibrate applied positive and negative middle ear 
pressure by swallowing was determined. At the beginning of the 
test, the middle ear pressure was altered to a preset value of 
positive or negative pressure. Pressure and flow rates were re- 
corded during each swallow from which three characteristic par- 
ameters were subsequently computed: T, (duration of active tu- 
bal dilation), Quax (maximum airflow rate through the ET), and 
AP (change in middle ear pressure after tubal opening). 


An example of the recording obtained during the forced-re- 
sponse test is shown in Figure 2. The middle ear was inflated with 
a constant flow rate, thereby forcing the tube to open passively. 
Following this, the pump continued to deliver a constant airflow 
rate, thus maintaining a steady stream of air passing through the 
tube. The passive tubal resistance was then determined. The sub- 
ject was then instructed to swallow in order to assess the active 
dilation of the tube. This process was repeated using a different 
constant flow rate. Usually, the flow rate was doubled for each 


Fig. 3. Duration of active tubal dila- 
tion (T4) as a function of applied middle 
ear pressure (Py) during the inflation- 
deflation test. Data points are the group 
means and error bars indicate one stan- 
dard deviation of the mean in this and all 
subsequent figures. 
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subsequent test. The maintenance of a steady stream of air 
through the tube allows for the determination of passive resis- 
tance which reflects tubal distensibility and for the assessment of 
the effect of tensor veli palatini muscle action on tubal cilation in- 
dependent of intraluminal mucus forces. 


During this test and for each contant flow rate, three parame- 
ters of tubal function were determined: P; (forced opening pres- 
sure), Ro (passive tubal resistance which is the ratio of middle ear 
pressure to airflow rate during the steady-state flow conditions 
[Po/Qo]), and R4 (active tubal resistance, which is the ratio of 
middle ear pressure to maximum airflow rate during the active 
dilation by swallowing [P4/Qa)]). 


RESULTS 


The inflation-deflation test findings are sum- 
marized in Figures 3-5. In both study populations, 
each subject could completely equilibrate both ap- 
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Fig. 4. Maximum airflow rate through 
the ET (Qmax) as a function of applied 
middle ear pressure (P,,) during the infla- 
tion-deflation test. The diagrams show 
300 airflow out of and into the middle ear. 

EC - Ear canal; TM - Tympanic mem- 
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PM brane: ME - Middle ear; ET - Eusta- 
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plied positive and negative middle ear pressures. 
Figure 3 shows the relationship between applied 
middle ear pressure and the duration of tubal dila- 
tion, which was independent of the applied middle 
ear pressure level within the range of pressures em- 
ployed. The group average values depicted in this 
figure demonstrate that tubal opening duration was 
about 100 ms shorter in the rhesus monkey than in 
man. The maximum airflow rate through the ET as 
a function of middle ear pressure is shown in Figure 
4, The group average values of airflow rate in the 
rhesus monkey were always smaller than the values 
recorded in man, indicating that active tubal open- 
ing in the monkey induces a relatively smaller dila- 
tion. In both species, the flow rate showed a linear 
dependence on the middle ear pressure. Figure 5 
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shows a similar linear dependence of the change in 
the middle ear pressure after each tubal opening on 
the applied middle ear pressure level. Again, the re- 
corded values in the rhesus monkey were smaller 
than those recorded for man over all values of mid- 
dle ear pressure. 


During the forced-response test, and prior to the 
maintenance of a constant flow of air through the 
tube, the ET was forced open due to an overpres- 
sure in the middle ear. Figure 6 shows the relation- 
ship between the rate of middle ear inflation and 
the forced-opening pressure. Both species showed a 
dependence of the forced-opening pressure on the 
inflation rate. This dependence was more pro- 
nounced in the rhesus monkey for the lower infla- 
tion rates. In general, regardless of the inflation 
rate, the rhesus monkey forced opening >ressures 
were greater than the values obtained for man. The 
active and passive tubal resistance findings for both 
species are shown in Figure 7. The top frame shows 
the flow rate dependencies of passive tubal resis- 
tance for both species. The average values for the 
rhesus monkey were always larger than those re- 
corded for man. However, the similarities in shape 
of these two curves suggest that the resistance dif- 
ferences in the two tubal systems can be attributed 
to differences in lumen size or cross-sectional area. 
The bottom frame shows the independence of active 
tubal resistance on flow rate in both species. Again, 
for all values of applied constant flow rate, the 
rhesus monkey exhibited a higher active resistance, 
indicating that during swallowing, the active dila- 
tion of the rhesus monkey tube is not as great as the 
dilation observed in man. 


A measure of tubal dilation efficiency (Ro/Ra) 
was computed by obtaining the ratio of passive re- 
sistance to active resistance, which normalizes the 





Fig. 6. Relationship between forced- 
opening pressure (P;) and, application 
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geometric differences. Figure 8 shows the tubal di- 
lation efficiency as a function of applied constant 
flow rate. The values obtained for the group aver- 
ages of both species overlap. This figure demon- 
strates that when the tubal system of the rhesus 
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Fig. 7. Passive tubal resistance (Ro) (top) and active 
tubal resistance (R4) (bottom) as a function of steady-state 
airflow rate (Qo). 
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monkey is compared with the tubal system of man 
in a normalized fashion, the physiological function- 
ing of the ET is almost identical within the eonfines 
of the evaluation methods employed in this investi- 
gation. 


DISCUSSION 


The inflation-deflation test findings indicate that 
the rhesus monkey ET functions as a scaled-down 
model of the ET of man exhibiting a shorter tubal 
dilation duration and a lesser capacity to pass air. 
The middle ear pressure independence of tubal dila- 
tion duration and the linear dependencies of both 
the flow rate and the change in the middle pressure 
level after each tubal opening on the applied pres- 
sure level suggest that the ET works as a flow-lim- 
iting device. 


Airflow through the ET during active dilation 
may depend on two temporal events related to tubal 
mechanics: the lateral displacement of the ET wall 
due to tensile forces exerted by the contracting ten- 
sor veli palatini muscle, and the return of the lateral 
wall to the resting closed position due to elastic 
recoil as determined by the compliance of the ET. 
Tubal compliance is a loosely defined entity which 
can be viewed as a composite parameter encom- 
passing the mass, pressure, and elasticity of the 
extramural tissue as well as the stiffness of the tubal 
walls. During lateral displacement of the ET wall 
(the first event), the airflow rate increases since 
after the initial opening, the medial and lateral 


walls of the ET are further separated. The lumen 
reaches its most distended position when the maxi- 
mum airflow is observed. Usually, the lumen re- 
mains maximally dilated for some milliseconds, in- 
dicatme a continuing active lateral pull of the ten- 
sor veli palatini muscle. Following this, the airflow 
rate monotonously decreases during the passive 
closing phase. This phase is probably dependent on 
tubal compliance. Observed differences in the dura- 
tion of tubal dilation between the two species 
studied may stem from the differences in duration 
of closing and can be explained by the morphologi- 
cal differences reported recently.” The rhesus ET 
has a umen cross-sectional area smaller than that of 
man and thus requires a shorter travel time for the 
latera wall to return to the resting closed position. 
Further. as the majority of the rhesus monkey ET is 
supported wholly or in part by the bullar structure, 
it is ppobably less compliant than that of man which 
is supported by bone only in the protympanic por- 
tion. This may be manifested as a stronger elastic 
recoil, which will result in a faster tubal closing 
time. The shorter duration of tubal dilation ob- 
served in the rhesus monkey may be explicable by 
the additive effects of these two morphological 
observat ons. 


These functional-anatomical correlates are fur- 
ther supported by the findings of the forced- 
response test. The rhesus monkey ET exhibits 
forced-opening pressures and passive tubal 
resistance values larger than the values obtained for 
man, which are congruent with the expectations of 
a stiff ET with a small lumen. 


Although there are metric differences in tubal 
function between the two species, the operational 
mode ef ET mechanics is the same as illustrated by 
Figures 3 through 7. This functional similarity is 
best il ustrated when ET function in these two 
species is compared in a normalized fashion (Fig. 
8). The normalization process is based on the 
assumptien that the flow conditions during the 
forced-response test can be modeled as a Hagen- 
Poiseuile flow between two parallel plates; in this 
case the “plates” are the lateral and medial walls of 
the ET lumen. For this flow condition, the expres- 
sion relating the pressure drop to the flow rate is 
given by the following equation: 


Q= 2 A P BBW 
3 uL 


which can be adapted to express the passive and ac- 
tive ET resistances by rearranging the terms: 


Ro= SP = 3 _ pL, and 


QO, 2 BW 

Ri = AP = 3 pl 

Qa 2 BPW 
where AP is the pressure difference between the 
middle ear and the nasopharynx, p is the viscosity of 
air, L is the functional length of the ET, W is the su- 
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peroinferior height of the tubal lumen, Bə is the 
mediolateral lumen width during constant flow rate 
Qo, and B, is the mediolateral lumen width during 
active dilation. From the slit-like lumen at rest, it 
can be assumed that tubal dilation occurs in the 
mediolateral axis and therefore changes in variables 
L and W are negligible during active and passive 
resistance evaluations. Therefore, the ratio of 
passive to active resistance can be expressed as: 


Ro = Ba’ 
Ry B? 
This simply expresses the ratio of the dilation levels 


of the lumen during these two conditions in a 
dimensionless form. 


This ratio can be used as a measure of tubal dila- 
tion efficiency since it expresses the level of the 
lateral wall movement due to muscle pull (B4) at 


different passive dilation conditions (Bo). As 
depicted in Figure 8, the dilation efficiency de- 
creases with increasing constant flow rate. With 
larger flow rates, the lumen is already distended 
considerably; therefore the active muscle pull in- 
duces relatively smaller lateral displacements. 
When ET function in the two species is compared 
using this measure, the data points are almost iden- 
tical, suggesting that both systems operate in the 
same manner. 


Therefore, in conclusion, the rhesus monkey is 
ideally suitable for physiological modeling in 
studies of the middle ear-eustachian tube system. 
Investigations of tubal mechanics using this model 
will enable us to increase our understanding of the 
physiology and pathophysiology of tubal dysfunc- 
tion in man in relation to the pathogenesis of otitis 
media. 
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The gain of the vestibulo-ocular reflex in the cat continues to increase for same time after birth. The reason for this increase is not 
presently known and one possibility is that it occurs because the cat semicircular canals increase in size. The present study examined this 
possibility by measuring the radii of curvature (R) of individual semicircular canals and the angular relationships of the semicircular canal 
planes within a labyrinth in cats and guinea pigs during postnatal growth. It was found that the labyrinths do move apart substantially 
during postnatal development in both species, but neither the planar relations nor the radii of curvature change significantly during post- 
natal development. The stability of semicircular canal structure during postmatal skull growth indicates that postnatal developmental 
changes in canal-related function, such as increased gain in the vestibulo-ocular reflex, in these species are probably due to receptor cell or 


neural maturational factors. 


INTRODUCTION 


Recently it has been shown that the gain or sen- 
sitivity of the cat vestibulo-ocular reflex (VOR) to 
sinusoidal rotatory stimulation increases gradually 
during development and does not attain adult values 
until about 60 days after birth.’ There are a number 
of possible causes for such a change ranging from 
maturation of central neural connections to postna- 
tal growth of semicircular canal dimensions. 


Considering the latter possibility, Fernandez and 
Valentinuzzi’ reported a postnatal developmental 
increase in the radius of curvature (R) of the cat 
semicircular canals. Since in the torsion pendulum 
model of canal operation R partially determines 
VOR gain,’ one might explain the development- 
dependent VOR increase on this basis. One aim of 
this study was to establish for the cat and the guinea 
pig whether structural changes during postnatal 
development indeed occur. This aim was achieved 
by measurements of R of the semicircular canals in 
cats and guinea pigs at various stages of growth. 


In addition, the angular relationships between 
the planes of the semicircular canals within the 
labyrinth were also measured in both species during 
development. This relationship determines the pat- 
tern of neural activity from the three canals 
reaching the brainstem in response to any given 
head movement.* If there were changes in these 
angular interrelationships during postnatal growth, 
then the same head movement would cause dif- 
ferent patterns of neural input at different ages. 
Such a result might require some development-de- 


pendent restructuring of VOR pathways to achieve 
the appropriate compensatory eye movements. 


Two methods of measurement, ROTA and reti- 
cle, were used to determine R in neonatal and adult 
cats and guinea pigs, and the former method was 
also used to examine the angular relations of the 
semicircular canals to each other. 


METHODS 


RC Ta Computer Measurement Technique. Data for computer 
processing were obtained from seven cats and five guinea pigs. 
The animals were selected to have as broad a range of age and size 
as possible. Body weights ranged from 115 to 3200 g for the cats 
and trom 66 to 818 g for the guinea pigs. The neonatal weights for 
bothespecies were about average. In all skulls the distances from 
the rostral edge of the foramen magnum to the incisors (skull 
length) and between zygomatic arches (skull breadth) were re- 
corded. 


The animals were killed by an overdose of pentobarbital, and 
all saft tissue was removed from the skulls which were then dried. 
When required, dental cement was applied to the cranial sutures 
to prevent dislocation during the cleansing process. The osseous 
sem circular canals were exposed using a lateral approach and the 
lateralanost portions of bone were removed from each canal with 
a dental drill.* Each skull was placed in a Kopf stereotaxic ap- 
paratus. Because of the very small size of neonatal skulls, the 
head-holding device of the stereotaxic apparatus was modified so 
that both neonatal and adult skulls were held in stereotaxic 
hor-zontal.*'° 


Using techniques which have been described elsewhere®’:'' the 
sterotaxic x, y, and z coordinates of series of points along the 
media! wall of each osseous canal were measured with a fine sty- 
lus attached to a micromanipulator. These data were processed 
by computer, yielding the coefficients of the plane best fitting 
each eanal. The data points from each canal were rotated by 
computer (ROTA technique) and were printed on computer pa- 
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per in such a way that the sheet of computer printeut corres- 
ponded exactly to the plane best fitting the canal. Calculations us- 
ing the planar coefficients yielded the angles between the canal 
planes in each labyrinth. The stereotaxic coordinates of the 
centers of the semicircular canals were also determined. Calcula- 
tions gave the distance between contralateral canals enabling the 
documentation of the manner in which the canals move apart 
during growth. 


The radii of curvature of the horizontal (Rh), anterior (Ra), 
and posterior (Rp) semicircular canals were determinec from the 
magnified ROTA technique printouts of the data.'? Three widely 
spaced data points were selected and the intersection of the per- 
pendicular bisectors of these points defined the center of the circle 
of which the semicircular canal was an arc. The radius of this arc 
was recorded as the ROTA measure of radius of curvature for Ra 
and Rp." In these canals the original data points closely followed 
the line of attachment of the membranous ducts to the osseous ca- 
nals, and so the values of Ra and Rp from the osseous canals are a 
close approximation to the radii of curvature of the membranous 
ducts. However, in the horizontal canal the membranous duct is 
attached to the lateral wall of the osseous canal, and this wall was 
removed during the dissection. In order to compensate for the fact 
that the data points along the osseous horizontal cana) were not 
taken along the line of attachment of the membranous duct, a 
correction factor was added to the ROTA Rh measurements. The 
corrected data should be a close approximation of the radii of the 
horizontal membranous ducts. This correction factor is equal to 
the cross-sectional radius of the horizontal bony canal and is 0.2 
mm for the cat and 0.26 mm for the guinea pig.'? Although it is 
possible that this correction factor may itself change during post- 
natal development, only the one value appropriate for each 
species was added to all horizontal canal radii measured by 
ROTA. Since this constant value was added to all Rh data from a 
given species, it should have no effect on the slope of any growth- 
dependent size changes in Rh. 


Reticle Measurement of R. In order to confirm the radii of cur- 
vature measures from ROTA, another independent method of 
measuring R was used on another sample of cat and guimea pig 
labyrinths. These data were obtained from 12 cats, ranging in 
weight from 115 to 3800 g and seven guinea pigs ranging from 42 
to 815 g. Each animal was killed by an overdose of pentebarbital 
and the head fixed for two weeks with 10% formalin. The tem- 
poral bones of these animals were dissected and all measurements 
were made with the skull wet with fixative or Ringer’s sclution. 
This dissection technique allowed about 180° of each canal arc to 
be measured rather than an average of 140° in the ROTA ap- 
proach.'° 


Measurement of the diameter of each canal was done br view- 
ing the canal through an Olympus operating microscope fitted 
with an eyepiece reticle consisting of a series of concentric eircles. 
These were optically superimposed on the arc of the canal and the 
measure of 2R was the diameter of the reticle circle best fitting the 
arc of the canal. Measures were made at 31 magnification and the 
skull was manipulated until the canal plane was perpendicular to 
the line of sight. 


In order to confirm that the reticle technique is sensitive 
enough to detect any growth-dependent changes in R, 48 rat 
labyrinths were dissected and the Rh of each measured using the 
reticle technique. The 26 animals, ranging in weight from 5.4 to 
380 g, were killed by an overdose of pentobarbital and the hori- 
zontal semicircular canal was exposed using only Ringer’s so! ution 
for irrigation. The rat was used in this test since Clark'* has shown 
the rat Rh continues to increase during the early stages of 
postnatal development. 


RESULTS 


Statistical Analysis. Because of the variability of 
the measurements between labyrinths, statistical 
methods were used to decide whether there were 
systematic changes in orientation or size of the 


semicircular canals as a function of age. We have 
used correlation coefficients (r) and regression co- 
efficients (B) as indicators of the relation between 
two variables. Correlation coefficients can range 
between + 1 and — l; a positive value of r indicates 
the two variables are directly related, a negative r 
indicates they are inversely related, and a zero r in- 
dicates no relationship. With small numbers of ob- 
servations, as in the present study, nonzero values of 
r can be obtained by chance even when the two var- 
iables are in fact unrelated. To avoid erroneous con- 
clusions based on these spurious correlations, only r 
values statistically significantly different from zero 
were studied. The criterion of statistical signifi- 
cance was 0.05 (the probability had to be less than 
0.05 that the r value occurred by chance) and in the 
present study this criterion was usually met if the r 
value was greater than +0.7 or less than —0.7. 


The regression coefficient (B) gives the slope of 
the regression line best fitting the plot of the two 
variables, ie, the changes in skull breadth for a unit 
change in skull length. The standard error of the 
regression coefficient (SE) is the variation of data 
points around the regression line. In every case both 
variables were transformed by a logarithmic trans- 
formation as is usually done in studies of the growth 
of bodily characteristics.’ 


Two indices of growth were available: body 
weight and skull length. Although these two indices 
are directly and strongly correlated (correlation co- 
efficients of 0.99 for both cat and guinea pig) it is 
possible that a growth-dependent relationship may 
be shown with one variable and not the other. 
Therefore two sets of statistical analyses were per- 
formed separately relating each variable first to 
skull length and second to body weight. The results 
of the two sets of analyses were very similar; both 
showed exactly the same pattern of significant cor- 
relations. Since the correlations were usually slight- 
ly higher with skull length than with body weight, 
only the results of the skull length analyses are 
presented in the table. 


The values in the table can be interpreted as fol- 
lows. The two variables, skull length and skull 
breadth, are directly and strongly correlated as in- 
dicated by correlation coefficients of 0.99 for both 
cat and guinea pig (row a). The regression coeffi- 
cients (B) of 1.06 and 1.13 in cat and guinea pig 
respectively indicate increase in skull length is 
significantly associated with a proportional change 


in skull breadth. 


Despite the results of these statistical analyses it is 
possible that structural changes may occur only ear- 
ly in postnatal development and might escape de- 
tection in an overall statistical analysis. To insure 
that no such changes had occurred, the data were 
examined graphically. Separate graphs were drawn 
relating each variable to skull length and to body 
weight. Again the results of the two graphic analy- 
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Fig. 1. Angles between canal planes at different stages of postnatal development for cat and guinea pig. Shown are the 
e between the planes of A) and D), the horizontal and anterior carab: B) and E) the anterior and posterior canals; C) 
and F) the horizontal and posterior canals. The broken line in each graph is the mean of the adult population of the par- 
ticular parameter. 
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Fig. 2. Measures of the radii of curvature of the cat horizontal, aaterior, and posterior semicircular canals during devel- 
opment. Left figures show measures using ROTA technique; center ägures show measures using reticle technique on a dif- 
ferent sample of cate, The section measures (right figures) are from an earlier study’? and are measures made from serial sec- 
tions from fixed, decalcified temporal bone from adult animals. The Preken lines are the adult means of each set of measure- 
ments; the vertical bars in the section graphs show two-tailed 95% =onfidence intervals. 
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Fig. 3. Measures of the radii of curvature of guinea pig horizontal, anterior, and posterior canals during development. 


All conventions are the same as for Fig. 2. 


ses were very similar and for convenience only the 
graphs showing the data relative to body weight are 
shown in Figures 1, 2, and 3. The broken lines in 
these figures indicate the adult means of the various 
parameters where “adult” refers to the means of the 
values from animals greater than 1000 g for the cat 
data and 150 g for the guinea pig data. 


Postnatal Migration of Labyrinths. As the skull 
grows with age, the petrous temporal bones under- 
go a lateral displacement. In the adult cat, the shift 
between the centers of the horizontal, anterior, and 
posterior canal pairs (labyrinthine centers) aver- 
aged 11.2 mm (a 70% increase from birth) and in 
guinea pigs 3.55 mm (a 35% increase from birth). 
Correlation and regression coefficients for these 
parameters are given in the table. The correlation 
coefficients are very high, indicating a very close 
relationship between these distances and skull 
length. Each regression coefficient is statistically 
significant, and its value is the slope of the line 
relating the interaural distance to skull length. 


Angular Interrelationships. Tests of the relation- 
ship between canal planes within the labyrinth and 
skull length yielded small correlation coefficients 
which were not statistically significant (the table, 
rows b-d). These results indicate that there are no 
detectable changes between canal planes during 
postnatal growth. That result is confirmed by in- 
spection of Figure 1 which shows that the angles be- 
tween canals in newborn animals are virtually iden- 
tical to the angles between canals in adults. The sole 
exception is the angle between the anterior and pos- 
terior canal planes where the statistical analysis in- 
dicated a systematic change during growth. 


Radii of Curvature. Tests of the relationship be- 
tween radii of curvature (R) and skull length also 
yielded small correlation coefficients which were 
not statistically significant. These results were ob- 
tained with the two independent measuring tech- 
niques of R, ROTA (table, rows h-i) and reticle 
(table, rows k-m). These tests indicate that there are 
no detectable changes in R of any canal during 
postnatal growth. That result is confirmed by in- 
spection of Figures 2 and 3 which shows for each ca- 
nal that the radii of curvature of newborn animals 
are virtually identical to the radii of adult animals. 
The broken lines in Figures 2 and 3 indicate the 
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Fig. 4. Radii of curvature of the rat horizontal semicir- 
cular canal during development, measured by the reticle 
technique. 


POSTNATAL SEMICIRCULAR CANAL STRUCTURE 


CORRELATION AND REGRESSION COEFFICIENTS FOR REGRESSIONS OF 


LABYRINTHINE MEASURES RELATED TO SKULL LENGTH 


189 





Regression of Each of the Following 


Related to Skull Length r B SE n r B SE n 


a. Skull breadth 0.99* 
b. Angle between horizontal canal plane and anterior 

canal plane -0.27 
c. Angle between anterior canal plane and posterior 

canal plane -0.45 
d. Angle between horizontal canal plane and posterior 

canal plane -0.10 
e. Distance between centers of horizontal canals 0.98* 
f. Distance between centers of anterior canals 0.98* 
g. Distance between centers of posterior canals 0.98* 
h. ROTA R of horizontal canal -0.34 
i. ROTA R of anterior canal -0.17 


j- ROTA R of posterior canal -0.21 


k. Reticle R of horizontal canal -0.17 
l. Reticle R of anterior canal -0.13 
m. Reticle R of posterior canal -0.29 


| Cat Guinea Pig 
1.06* 0.04 13 0.99" 1.13* 0.04 15 
-0.06 0.04 26 -0.08 -0.02 0.06 25 
-0.07* 0.02 26 34 -0.15 0.09 25 
-0.02 0.03 26 -0.15 -0.05 0.06 29 
0.61* 0.03 13 0.93" 0.46" 0.05 15 
0.64* 0.04 13 0.88* 0.42* 0.08 15 
0.68* 0.05 13 0.90" 0.53% 0.07 15 
-0.10 0.06 26 0.17 0.10 0.10 30 
-0.04 0.04 26 0.01 0.01 0.10 25 
-0.06 0.05 26 0.04 0.02 0.08 29 
-0.04 0.05 22 -0.08 -0.01 0.06 10 
-0.02 0.03 24 -0.01 -0.01 0.06 13 
-0.02 0.01 24 -0.01 -0.01 0.06 12 


r - Correlation coefficient; B - Regression coefficient; SE - Standard error of the regression coefficient; n - Number of the data pairs. 


*Statistically significant (p< 0.05). 


adult means. Figures 2 and 3 also show in the far 
right panel means and 95% confidence intervals for 
measures of Rh, Ra and Rp obtained from histologi- 
cal studies from fixed and decalcified temporal 
bones of adult cats and guinea pigs from an earlier 
study. ° 


Growth of R in the Rat. In contrast to the cat and 
guinea pig, the value of Rh in the rat, measured 
with the reticle method, increased from birth (when 
the animal weighed about 5 g) to about ten days of 
age (when the animal weighed about 17 g).'5 At 
about this time, Rh has attained full adult size. The 
relationship between rat Rh and skull length was 
statistically significant showing that rat Rh does in- 
crease during growth (regression coefficient = 
0.24, standard error = 0.04, p<.001). That result 
is confirmed by inspection of Figure 4 and demon- 
strates that the reticle method is sensitive enough to 
detect subtle developmental changes in R. 


DISCUSSION 


Radii of Curvature. The radii of curvature were 
measured in neonatal and adult guinea pigs and 
cats by two quite different techniques, ROTA and 
reticle, and no maturational changes were found 
for these species. The accuracy of ROTA and reticle 
leading to this conclusion is supported by a third 
method of measuring canal radii in which measure- 
ments were made from low-power magnifications 
of serial sections of fixed and decalcified temporal 
bones.'® These values, made in adult cats and guin- 
ea pigs, are very similar to the values in adult ani- 
mals using ROTA and reticle (Figs. 2 and 3, far 
right column). 


There is reasonably good agreement between 
ROTA and reticle in neonatal and adult cats and 


guinea pigs and in the histological sectioning 
technique in adults (Figs. 2 and 3). The major ex- 
ception is that Rh in guinea pigs as measured by 
ROTA is distinctly larger (X 2.4 mm) than for reti- 
cle (x 1.6 mm) or for the sectioning technique (x 
1.75 mm). The reason for this erroneously large 
ROTA value is that the horizontal canal in the 
guinea pig has a markedly elliptical shape, rather 
than being circular. The ROTA data points for the 
guinea pig were taken from the shallow part of the 
ellipse, so the circle fitted to these points will be an 


overestimate of the true radius of curvature. 


Close inspections of Figures 2 and 3 will reveal 
that the ROTA means are 0.1-0.2 mm larger than 
the reticle means for all Rs, except Rh discussed 
above. If this represents a trend or systematic dif- 
ference, it may be because the ROTA measures 
were made on arcs of the canals of about 140°, 
while the reticle values were obtained from arcs of 
about 180°. 


The number of guinea pigs studied by the reticle 
technique was small, but encompassed a wide range 
of animal weights. The smallest guinea pig was 
premature and consequently smaller than average 
guinea pig birth weight. Yet, even in this animal the 
size of the canals was close to the mean adult size. 


A major question in cases of such a null result is 
whether the techniques used have adequate power 
to detect any postnatal changes which may occur. 
This question was resolved by using the reticle 
technique to measure postnatal changes in the rat 
whose canals are reported to increase in diameter 
after birth.'* Reticle measures in rats showed an in- 
crease in Rh with age (Fig. 4) which are statistically 
significant. We conclude that the reticle technique 
does have adequate power to detect postnatal changes 
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in R; and since they were not detected in the cat and 
guinea pig, we conclude that the size of the semicir- 
cular canals does not change during postnatal de- 
velopment in cat and guinea pig. 


In contrast to this conclusion, Fernandez and 
Valentinuzzi’ indicated that cat R continues to in- 
crease during life. They substituted weights of the 
smallest (1.7 kg) and largest (3.9 kg) adult cats they 
studied in an empirical formula which Jones and 
Spells'® had established as relating R to body mass 
for mammals of different species: 

logio = 0.1157 logo m + 2.2466 

where m is body mass in kilograms. This calcula- 
tion yielded predicted radii of curvature of 1.8 mm 
for a 1.7 kg cat and 2.1 mm for a 3.9 kg cat.? These 
values were close to the radii of curvature they had 
measured in their animals, and they concluded that 
the Jones and Spells'® formula applies within the 
species of cats during postnatal growth; in other 
words, canal R continues to increase during 
postnatal development. The discrepancy between 
their conclusion and ours probably lies in the very 
restricted range of adult cat weights they studied; 
their extreme values were 1.7 and 3.9 kg compared 
to our sample which ranged from 0.115-3.8 kg. 


The consequences of using a restricted weight 
range can also be seen in our cat ROTA data where 
for the three canals the ROTA R of the largest adult 
is larger than the ROTA R of the smallest adult 
(Fig. 2). Had we studied only these particular 
largest and smallest adult skulls we would have 
agreed with Fernandez and Valentinuzzi. However 
the measurement of other adult animals in the pres- 
ent study and more importantly the measurement 
of very young animals clearly shows that the data 
from these particular animals are chance variations 
and that there is no systematic postnatal develop- 
mental change in R. Furthermore the variability of 
our data is small enough so that even small systema- 
tic increases in the magnitude of R would have been 
detected, and indeed an increase of only 0.3 mm 
was Clearly detected by the reticle method in the rat 
data. 


Is there a “best” method to measure R? Measures 
of R from temporal bone serial histologic sections 
require extensive reconstruction and it is therefore 
an indirect method. The ROTA method is also in- 
direct and tends to be based upon a somewhat 
smaller arc of the semicircular canal than reticle 
and to provide values which were consistently 
larger than those provided by the reticle method. 
The reticle technique is simple, direct, and power- 
ful. Departures from circularity are observed and 
their effect can be minimized. It would seem that as 
long as the semicircular canals are approximated as 
a circle in mathematical treatments of canal opera- 
tions, rather than exact specifications of canal 
shape, the measure provided by reticle is simplest 
and least subject to error. 


Angular Relations Between Canal Planes. The 
present regression analysis between ipsilateral pairs 
of canals are remarkably constant throughout the 
postnatal period, despite the increasing mass of the 
temporal bone and the lateral migration of the 
labyrinths within the skull (see below). In the two 
species studied, only one angular relationship in the 
cat was found to change during postnatal growth. 
This was the angle between the planes of the anter- 
ior and posterior canals in the cat, which decreased 
from 90.2°+2.51° in two neonates (n=4 angles) 
measured to a mean of 87.0°+4.23° (standard 
deviation) in the adult (n= 16). Keeping in mind 
that as a canal is tipped out of the plane of angular 
acceleration the force acting in the plane of the 
canal decreases in a cosine fashion, the angular dif- 
ference of 3.2° correponds only to a0.2% reduction 
(cos 3.2° = 0.998) in the plane component of the ap- 
plied stimulus. Physiological investigations of cat 
primary afferents'’ indicate that an angular dif- 
ference of this size is too small to be functionally 
significant. 


The constancy in angular interrelationships sug- 
gests it is not necessary to postulate any develop- 
ment-dependent mechanism to decode instan- 
taneous head position in order to produce ap- 
propriate compensatory responses in these species. 


Labyrinth Migration in the Skull. Although the 
angular interrelationships and canal radii remain 
fixed in both species during postnatal growth, the 
two labyrinths do move apart by an average of 70 % 
in cats and 35% in guinea pigs. The functional 
significance, if any, of such labyrinth migration re- 
mains to be established. 


In the literature we found reports suggesting 
there are probably only small changes in canal size 
and planar relationships within the labyrinth in the 
human during postnatal growth.'*:'? Hadziselimo- 
vic? concluded that some rotation of the whole 
temporal bone occurs during early human life. 
Sato’! referred to similar small changes in the “in- 
clining angles” of the human posterior canal. Bel- 
locq? has noted that human canal R changes 
minimally during postnatal growth. Regarding 
growth of the labyrinth in the human fetus, Anson'® 
has commented, “In the short period of approx- 
imately five months (4'/, to 25 weeks) the otocyst 
gives rise to a membranous labyrinth of full size and 
adult form.” 


Functional Significance of Canal R. With matur- 
ation in the cat, there is a gradual increase in gain 
of the VOR as measured during sinusoidal oscilla- 
tion. Adult values are achieved at about 60 days 
after birth.' Since R does not change in the cat, this 
increase in gain of the VOR would appear to be due 
to changes in receptor cells or first-order vestibular 
afferents,”?-?> or vestibular nucleus neurons,”° or the 
commissural system between the vestibular nuclei,?’ 
or a combination of these. 
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In the rat, the situation is different. The present 
investigation, confirming that of Clark,'* shows 
that the horizontal semicircular canal of the rat 
continues to grow after birth, reaching adult size 
about ten days after birth. In the rat, postnatal 
developmental changes in VOR gain have not yet 
been measured. However, postnatal developmental 
changes in the gain of rat primary and secondary 
vestibular neurons have been measured.”*-*° Even in 
these peripheral elements in the VOR system there 
is an early increase in gain when the canal radius is 
increasing, in line with the expectation from the 
torsion pendulum model. However, the gain of rat 
secondary vestibular neurons continues to increase 
for at least 35 days after birth,*® long after the 
canals have reached their full adult size (ten days 
after birth, Fig. 4). Again, as in the cat, factors 
other than canal radius size must be operating to 
cause this later increase in gain although canal size 
is probably a factor in determining the early in- 
crease in gain. 


Finally, further evidence that canal radius is not 
of major importance in determining the develop- 


ment of VOR gain comes from studies of species 
where R increases but VOR gain remains constant. 
In fish the semicircular canals continue to increase 
in size throughout life?! in contrast to the early 
development and typical postnatal stability of the 
mammalian semicircular canal structure.*’*° Yet 
despite the continuous increase in R of the pike 
canals ten Kate was unable to detect any concomi- 
tant changes in the gain of the pike VOR during 
development.*! 


CONCLUSION 


In the cat and guinea pig structural changes in 
canal radius of curvature and angular interrelation- 
ships during postnatal development are less than 
structural differences between individuals. We con- 
clude that in these species such factors do not deter- 
mine postnatal changes in the gain of the vestibulo- 
ocular reflex. Factors such as receptor and afferent 
neuron maturation??*> and maturation of central 
connections?’ would appear to be the major cause of 
any postnatal changes in VOR gain. 
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Scanning electron microscopy, electron microprobe analysis, and x-ray powder diffraction were used to study temporal bone speci- 
mens obtained at autopsy from an infant with Potter syndrome and from a second trimester fetus, which was the product of an elective 
abortion. The mothers of both the infant and fetus were juvenile-onset rheumataid arthritis patients who took prostaglandin inhibitors 
during pregnancy. The infant’s external ears were low set and the left ear canal was stenotic. The vestibular maculae on the left were 
covered by aberrant otoconia composed of vaterite. In the right inner ear, otoconia were entirely absent, although the gelatinous otoconial 
membranes were intact. Only the left saccule and right utricle from the fetus were studied; both contained vaterite crystals similar to those 
in the infant. In addition, apatite was present in the fetal utricle, apparently lyimg on the macula beneath the vaterite otoconia. 


INTRODUCTION 


The otoconial membranes, which overlie the ves- 
tibular maculae, are made up of sheets of gelatinous 
material covered by calcareous crystals called 
otoconia. It is now well established that the oto- 
conia (and otoliths) of almost all vertebrates are 
composed of calcium carbonate (CaCO;) together 
with an admixed organic fraction usually termed 
the otoconial matrix.'? In mammals, the inorganic 
mineral material is normally present in the form of 
calcite, which is the trigonal polymorph of calcium 
carbonate.’ 


Recent studies of the vestibular apparatus have 
combined electron microscopy with micraanalytic 
techniques to provide new data on development 
and structure of the otoconial membranes of man as 
well as a variety of experimental animals.’ ° In ad- 
dition, information is now becoming available re- 
garding alterations of the otoconia in association 
with human ear pathology. Degeneration of saccu- 
lar otoconia has, for example, been described in 
connection with aging by Johnsson and Hawkins’ 
and by Ross et al.* There also exists evidence that 
otoconia may be morphologically altered in some 
cases of otitis media.* Moreover, congenital absence 
of otoconial crystals in a human infant was recently 
described by Wright et al.’ 


In this report, we present two cases in which 
anomalous otoconia, composed of vaterite (the hex- 
agonal polymorph of CaCQ;), were found in inner 


ear specimens. One of these was an infant with Pot- 
ter syndrome; the other was a second trimester 
fetus, which was the product of a prostaglandin- 
induced abortion. In both instances the mothers 
were jurenile-onset rheumatoid arthritis patients, 
who took prostaglandin synthetase-inhibiting drugs 
during pregnancy. 


METHODS 


Preparation of Specimens. Temporal bone specimens were 
taken from the newborn infant at autopsy. The middle ears were 
opened, the stapes gently removed from each of the oval win- 
dows, anc the inner ear structures fixed by perilymphatic per- 
fusion with 1% veronal acetate-buffered osmium tetroxide (pH 
7.4) approximately 12 hours postmorten. After partial dehydra- 
tion in 50% ethyl alcohol, whole-mount preparations of the inner 
ear sensory organs were obtained by microdissection.'® These 
specimens were subsequently processed for light or scanning elec- 
tron microscopy (SEM). The vestibular maculae were taken step- 
wise to 1()% alcohol, critical point dried, and sputter coated 
with gold-palladium. All material was removed from alcohol and 
dried within 36 hours after it was obtained at autopsy. 


The fetus was one of several specimens from which fresh, un- 
fixed otoconia were taken for SEM in connection with another 
study. The microdissection was carried out in saline. Saccular oto- 
conia were obtained from the left ear and utricular otoconia from 
the right ear. The samples were air dried and coated with gold. 


Electron Microscopy and Analytical Procedures. Preparations 
from theinfant were studied with a JEOL JSM 35 scanning elec- 
tron microscope operated at an accelerating voltage of 15 kV. The 
fetal specimens were examined using a JEOL JSM U3 instrument 
at 15 and 25 kV. Qualitative chemical analyses of the fetal oto- 
conia were made with a Kevex solid state x-ray detector coupled 
to a Tracor Northern Scientific Model 710 multichannel analyzer. 


In both eases, identification of the crystal samples was made by 
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Fig. 1. (Case 1) Central portion of the otoconial mem- 
brane from right utricle of infant with Potter syndrome. 
Globules of organic material are visible within the 
gelatinous meshwork of the membrane; however, no 
otoconial crystals were present. 


x-ray diffraction. Small pieces of each otoconial mass were glued 
to the tips of glass fibers and mounted in a 114.6 mm diameter 
Debye-Scherrer camera. Since the crystallites were already small 
enough to give good powder photographs, the usual redaction of 
the samples to powders by grinding was unnecessary. This was 
fortunate because grinding may induce artifactual phase transfor- 
mations in vaterite, yielding a mixture of vaterite, calcite, and 
aragonite. '' 


CASE REPORTS AND RESULTS 


Case 1. The 2,750 g female infant was born to a 
34-year-old mother after a gestation of approx- 
imately 36 weeks. The fetal membranes were said to 
be ruptured at the time of delivery; thus the pres- 
ence of oligohydramnios could not be confirmed in 
the obstetric record. During pregnancy the mother 
had taken three prostaglandin synthetase inhibitors 
for treatment of juvenile-onset rheumatoid arthri- 
tis. These drugs included aspirin (6 tablets/day), 
sulindac (300 mg/day), and indomethacin (dosage 
unspecified in clinical history). There was no family 
history of congenital defects of the kidneys, heart, 
or other organs. From the time of birth, the infant 
showed profound respiratory insufficiency and re- 
spiratory failure resulted in death at 12 hours post- 
partum. 


At autopsy, phenotypic features typical of Potter 
syndrome were noted. The mandible was small, the 
ears were low set and posteriorly rotated, and the 
feet had a rocker-bottom configuration. Bilateral 
cataracts were also present. No preauricular or cer- 
vical fistulae were noted. The infant had bilateral 


A 





Fig. 2. A) Normal saccular otoconia from a young adult. 
B) (Case 1) Aberrant saccular otoconia, composed of 
vaterite, from left labyrinth. 


pulmonary hypoplasia and microscopic examina- 
tion revealed hyaline membrane disease. Both 
kidneys were completely dysplastic, the left ureter 
was atretic, and the bladder was hypoplastic. The 
labia majora were prominent; however, no abnor- 
malities were found in the vagina, uterus, fallopian 
tubes, or ovaries. 


The left external ear canal was stenotic and the 
tympanic annulus was narrowed so that the tym- 
panic membrane was slightly reduced in surface 
area. Otherwise, both middle ears were normal. 
Careful study revealed no abnormalities of the 
cochlear structures (including the stria vascularis) 
or the semicircular canals. 


Immediately after the temporal bones were opened 
and before fixative was introduced into the laby- 
rinth, the contents of both vestibules were examined 
through the open oval windows with the aid of an 
operating microscope. No otoconia were seen on 
either the saccular or utricular macula of the right 
side. On the left, a thin layer of crystals covered the 
saccular neuroepithelium; it was possible to see that 
otoconia were also present on the macula of the 
utricle. 
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Fig. 3. (Case 1) A) Higher power view of crystals from 
left saccule. These lenticular vaterite otoconia appear to be 
composed of numerous tiny spherules. B) Vaterite crystals 
from left utricle. 


Microdissection confirmed the total absence of 
otoconia on the right side. However, the gelatinous 
layers of the otoconial membranes were intact on 
both maculae. Figure 1 shows a portion of the bare 
gelatinous otoconial membrane of the right utricle. 
In small areas where the gelatinous layer was in- 
complete, normal-appearing stereocilia bundles 
were noted on the maculae. 


Scanning electron microscopy revealed that the 
left saccular and utricular maculae were each cov- 
ered by a thin layer of discoid, biconvex crystals 
(Figs. 2 and 3). The wafer-like, lenticular crystals in 
the saccule varied from approximately 4 to 10 p in 
diameter and had an eroded or pitted appearance 
suggestive of partial dissolution. These crystals were 
strikingly different from normal otoconia in mor- 
phology (Fig. 2) and many of them appeared to be 
structurally nonhomogeneous, being lenticular ag- 
gregates of numerous tiny spherulites (Fig. 3A). The 
utricular crystals, on the other hand, had smooth 
surfaces and ranged from approximately 2 to 10 p in 
width. Intergrowth of two or more adjacent crys- 
tals, resulting in intricate and sometimes bizarre 
patterns (Fig. 3B), was more frequently seen in the 
utricle than in the saccule. 


X-ray diffraction analyses were done on crystal 
samples from both maculae. In each case, powder 
diffraction patterns characteristic of calcium car- 
bonate in the form of vaterite were obtained. Unit 
cell parameters of the utricular crystals were re- 
fined by least-squares using the Debye-Scherrer 
data and an NBS silicon (a = 5.43088 Å) internal 
standard. The values obtained were a = 7.138 (1) 
and c = 16.989 (4) A (numbers in parentheses are 
standard deviations times 1,000). These figures dif- 
fer slightly from those determined by Meyer’ for 
synthetie vaterite (a = 7.151 and c = 16.941 A, 
average of three) with a silicon standard; however, 
the differences are probably not significant. 


Regarding the overall condition of the saccule 
and utricle, it should be mentioned that the 
myelinated innervation supplying the maculae of 
both sides had a normal light-microscopic ap- 
pearance and no obvious defects of the neuroepi- 
thelia were evident. However, except for observa- 
tion of stereocilia bundles in a few areas, it did not 
prove possible to make any detailed evaluation of 
the macular neuroepithelia. 


Case 2. The 284 g female fetus included in this 
study was the product of an elective prostaglandin- 
induced abortion at approximately 20 weeks of 
gestation. The mother was a 23-year-old primipara 
who had juvenile-onset rheumatoid arthritis which 
apparently converted to systemic lupus erythemato- 
sus at age 21. During the pregnancy she took 15 
aspirin tablets and 15 mg of prednisone daily. 


The fetus showed well-balanced growth with no 
external malformations and normal visceral ana- 
tomy, including normal kidneys. The membranous 
labyrinths had normal shape; however, the condi- 
tion of the cochlear hair cells and vestibular neuro- 
epithelia could not be determined. 


As in the Potter syndrome infant, it was found 
that both the saccular and utricular otoconia of the 
fetus were thin biconvex lenses (Fig. 4). These crys- 
tals ranged from 1 to 15 p in diameter with little size 
difference between saccular and utricular samples. 
Some of the saccular otoconia appeared to be in 
various stages of degeneration, with the dissolution 
process beginning in the central portion of the lens 
and proceeding outward (Fig. 4B). 


Upon x-ray diffraction analysis the saccular oto- 
conia gave a pure vaterite pattern, while the utricu- 
lar sample contained a mixture of vaterite and apa- 
tite [Cas(PO,,CO3); (OH,F,C1)]. Since only lenti- 
cular crystals were observed by SEM, we infer that 
the apatite was buried under the lenses. In fact, 
when a fragment of the otoconial mass was scanned 
and chemically analyzed by microprobe in cross 
section, some amorphous-looking material in the 
central portion produced a strong phosphorus signal 
not given by the lenses. 
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Fig. 4. (Case 2) A) Vaterite crystals from utricle. B) 
Otoconia from fetal saccule illustrating dissolutior of the 
central part of a vaterite crystal. 


The qualitative chemical composition of the va- 
terite crystals, obtained by energy-dispersive x-ray 
analysis, resembles that of normal human otoconia.‘ 
The x-ray emission spectrum of the lenses from the 
fetus indicated major calcium, minor phosphorus, 
and a trace of magnesium. The phosphorus was 
probably a constituent of the organic matrix 
material of the crystals. The magnesium. on the 
other hand, was almost certainly a minor sub- 
stituent for calcium in the vaterite structure. 


DISCUSSION 


At present, relatively little information is 
available concerning alterations of the otoconial 
membranes in association with inner ear pathology; 
this is particularly true in regard to developmental 
defects of the vestibular apparatus. In fact, the 
cases described here are among the first reported in- 
stances of congenital otoconial dysplasia in human 
material. 


The absence of crystals in the right inner ear of 
the infant was noted at the time the temporal bones 
were opened for fixation; it cannot, therefore, be 
attributed to fixation or storage artifact. Moreover, 
it is very unlikely that either the absence of otoconia 
or the presence of vaterite represents a postmortem 
artifact, since long postmortem delays before fixa- 
tion of human and experimental animal specimens 
have never produced such effects.*’ 


Although there were no otoconia in the infant’s 
right labyrinth, the gelatinous otoconial mem- 
branes were intact on the saccular and utricular 
maculae. This condition is like that found in a case 
recently reported by Wright et al’ in which there 
was bilateral, congenital absence of otoconia. It is 
also a morphological parallel to the agenesis of 
otoconial crystals which occurs in several species of 
genetically defective experimental animals such as 
the pallid mouse.'*:"* 


In the left inner ear of the infant, and in the 
fetus, the vestibular maculae were covered by crys- 
tals composed of vaterite. Of the three naturally oc- 
curring polymorphs of CaCO; (calcite, aragonite, 
and vaterite), vaterite is the rarest and least 
stable." Though seldom found in geological sys- 
tems, vaterite is synthesized by a variety of animals. 
It is, for example, present in the spicules of certain 
tunicates,'® on the surfaces of the egg capsules of 
ampullarid snails," and in the egg shells of the non- 
parasitic cuckoos.'* It is also formed during repair 
and regeneration of the shell in some species of mol- 
lusks.'? Prior to this report, the only known occur- 
rences of vaterite in man were in urinary,” biliary,”' 
and pancreatic” calculi, where it has been noted as 
a fine-grained constituent of unknown morphology. 


During his extensive phylogenetic studies on the 
composition of vertebrate otoliths, Carlström’ 
found that vaterite is normally formed in the vestib- 
ular organs of certain primitive fish, including the 
gar, bowfin, and bichir. In these species, lenticular 
vaterite crystals are associated with the large ara- 
gonite (orthorhombic CaCQ;) otoliths which over- 
lie the macular neuroepithelia. Aberrant otoliths 
consisting of vaterite have been reported to occur 
occasionally in a teleost fish, the cod,?? which like 
other teleosts normally synthesizes aragonite. 
Among birds and mammals the otoconia are nor- 
mally composed exclusively of calcite’ and 
developmental studies have shown that vaterite is 
not an intermediate in the formation of calcite dur- 
ing the fetal period.” 


Both vaterite and apatite were present in the fetal 
utricle, with the apatite apparently lying beneath 
the mass of vaterite crystals. The spatial relation- 
ship of the two minerals implies that precipitation 
was episodic, the sequence being apatite followed 
by vaterite. The existence of two such chemically 
dissimilar phases on the otoconial membrane in- 
dicates that significant changes in composition of 
the endolymph occurred before and during the 
course of precipitation. In particular, the presence 
of apatite implies a much higher phosphate concen- 
tration than the approximately 0.8 mM of normal 
endolymph.”* However, a high phosphate concen- 
tration would prevent precipitation of any form of 
calcium carbonate until after removal of most of the 
phosphate from solution by calcium phosphate for- 
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mation.*® The predicted precipitation sequence is 
therefore apatite, vaterite in agreement with obser- 
vation. 


Although we can only speculate on the composi- 
tion of the endolymph during the time cf apatite 
formation, the presence of a phosphate rather than 
a carbonate phase does suggest a major homeostatic 
disturbance of the inner ear fluids. Johnsson and 
Hawkins” have found, for example, that apatite 
may be formed in the human vestibular labyrinth 
when the integrity of the membranous wall or the 
neuroepithelia is severely compromised. 


The overall issue of pathogenesis in the present 
cases is complicated by a variety of pctentially 
significant factors including renal pathology, ma- 
ternal disease, and drug treatment during preg- 
nancy. 


The fascinating immunological, anatomical, and 
physiological relationships between the imner ear 
and the kidney have been the focus of considerable 
attention during recent years”*° and several cases 
in which renal and ear anomalies were combined 
with other congenital defects have been reported.*° 
Our Potter syndrome case represents another in- 
stance in which ear defects have been associated 
with renal abnormalities as part of a constellation 
of multiple anomalies. In this case, the family his- 
tory did not suggest a hereditary basis for the ob- 
served anomalies. 


Both mothers in our study had juvenile-onset 
rheumatoid arthritis; in the mother of the fetus the 
arthritis converted to systemic lupus approximately 
two years before her pregnancy. We are aware of 
no evidence that connective-tissue disease in the 
mother might play any direct role in producing de- 
velopmental defects like those described here. It is, 
however, well known that the incidence of fetal 
wastage in mothers with systemic lupus is quite 
high.** In addition, abnormal IgG antibodies from 
the mother do cross the placenta and have been im- 
plicated in congenital heart block in infants born to 
mothers with lupus and/or rheumatoid arthritis.?":* 
Histological study of specimens from cases of fatal 
congenital heart block has revealed extensive con- 
nective tissue disease of the cardiac conduction 
system.*? 


Another factor which must be considered is the 
possibility that the drug treatment these patients 
received played a pathogenic role. This is particu- 
larly true with regard to aspirin administration. In 
addition to being ototoxic in adult animals,* salicy- 
lates have been shown to produce skeletal defects?® 
in mammalian fetuses and have been implicated in 
developmental anomalies in man.*°?’ 


In view of the otoconial defects described above, 
it is of special interest that salicylates are inhibitors 
of acid mucopolysaccharide synthesis during fetal 


development.** Sulfated acid mucopolysaccharides 
are thought to be essential compounds in the syn- 
thesis of the organic otoconial matrix.” There is, in 
fact, evidence that a genetic abnormality in muco- 
polysaccharide metabolism is a critical factor in the 
agenesis of otoconia which occurs in animals such as 
the pallid mutant mouse.” 


In connection with possible pharmacological in- 
fluences, it should also be noted that the nonsteroid 
prostaglandin inhibitors indomethacin and sulindac 
may cause tinnitus and dizziness as side effects in 
patients receiving these drugs for arthritis treat- 
men 


Crystallization of calcium carbonate in biological 
systems usually occurs in association with an organ- 
ic matrix. Although the composition of the organic 
material in mammalian otoconia is not yet known, 
the structure of the organic otolith matrix of a wide 
phylogenetic range of fish species has been deter- 
mined by Degens et al.*? They found the material to 
be a protein with a high acidic amino acid content 
and a molecular weight of approximately 150,000. 
Using mollusks as experimental models, Wilbur and 
Watabe”’ have shown that the structure of the pro- 
teinaceous matrix material can determine which of 
the three calcium carbonate polymorphs will be 
laid down by a given species. We might therefore 
hypothesize that the otoconial anomalies in our 
cases were the result of defects in the synthesis of 
matrix material essential for formation of calcite 
otoconia. Such defects might prevent deposition of 
CaCO, completely or result in production of a ma- 
trix suitable only for crystallization of vaterite. 


As an alternate hypothesis, it is possible that the 
formation of vaterite in these cases was due entirely 
to alterations in physicochemical properties of the 
endolymph rather than to matrix defects. Which of 
the polymorphs of CaCO; precipitates from 
aqueous solution in vitro is influenced by conditions 
which include temperature, pH, and the degree of 
supersaturation prevailing during crystal nuclea- 
tion and growth.” It is known, for example, that a 
high degree of supersaturation with respect to cal- 
cium carbonate is especially favorable to the forma- 
tion of vaterite*® and, in fact, lenticular vaterite 
crystals resembling the anomalous otoconia de- 
scribed here have been produced synthetically. * 
The pessibility of altered endolymph composition 
has been mentioned above in connection with the 
presenee of apatite in the fetus. Analogous (and 
perhaps related) abnormalities in the physicochemi- 
cal properties of the labyrinthine fluid environment 
may have promoted the crystallization of vaterite in 
both cases we studied. 


At present, we clearly lack sufficient information 
to determine whether drug treatment or other fac- 
tors, such as the presence of maternal collagen 
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disease, played a part in producing the anomalies 
described in this report; nor can we make firm con- 
clusions regarding the basic mechanism responsible 
for the deposition of vaterite. It is our hope, 


however, that the etiology of such developmental 
defects will be further clarified in the course of 
future case studies and/or experimental animal 
work. 
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BONY AUDITORY TUBE AND OTITIS MEDIA WITH EFFUSION 


R. BRUCE DUNCAN, FRACS 


PALMERSTON NORTH, NEW ZEALAND 


The author has for 25 years manually probed the malleus handle for indications of middle ear pathology. Dissection of the bony 
auditory tube (BAT) and isthmus comprised 120 fresh autopsy and 26 anatomically prepared temporal bones. The semicanal lamina was 
not completely ossified in all infants and children and 52% of adults. The tensor tympani muscle was edematous and prolapsed into the 
superior portion of the BAT in eight ears with otitis media with effusion. Infants and children have the tendon of the tensor tympani mus- 
cle inserting into the neck of the malleus at an angle of 60° or greater, possibly explaining the relatively large muscle bulk. It is suggested 


from these autopsy findings that the BAT and isthmus lumen is a functional 2-way channel for air superiorly and mucus streaming inferior- 
ly. Manual palpation of the cartilaginous auditory tube in infants did not suggest malacia. 


INTRODUCTION 


Rosen’s epochal probing of the stapes in 1955 sug- 
gested malleus handle probing.' I had already been 
sectioning the tensor tympani muscle (TTM) to pre- 
vent contractions disturbing middle ear grafts the 
prior year. The independent movements of the mal- 
leus handle and the membranous drum during 
pneumatic otoscopy did not conform to the then ac- 
cepted “ex vacuo” theory. A retracted drum was 
seen with a normal handle position or vice versa. In 
1962, five marine engineers from an ocean-going 
ferry were examined one hour after finishing the 
engine room shift. All had marked malleus handle 
retraction? and when asked to do the Valsalva 
maneuver, commented on how easy this was to per- 
form while working in noise. I anesthetized their 
malleus handles with Bonain’s solution (equal parts 
of cocaine, phenol and menthol) and on probing 
they were fixed, yet the pars tensa moved with the 
Valsalva maneuver. I assumed that the TTM had 
retracted the handle and opened the auditory tube 
in some way that was independent of the then ac- 
cepted view. In 1966, I began probing the malleus 
handle before myringotomy to predict the presence 
of otitis media with effusion (OME) and the state of 
pathological change in the middle ear cleft. The 
reliability of this test (Duncan RB, unpublished 
data) initiated a program of TTM and semicanal 
lamina (SCL) dissection in fresh cadavers and pre- 
served temporal bones. The results supported my 
hypothesis that the belly of the TTM could cause 
partial obstruction of the bony auditory tube 
(BAT). 


METHODS 


The material comprised 120 fresh cadaver and 26 anatomically 
prepared temporal bones. A 4x loupe was used for bones in cada- 
vers and a 9x microscope for removed fresh and prepared bones. 
The exposure of the TTM and SCL begins with removal of the 
tegmen tympani and exposure continues anteromedially to the 
sphenoid. The TTM is separated from the tensor veli palatini 
muscle (TPM), along with the attachments to the sphenoid, and 





Fig. 1. Right cadaver ear, age 5'4 months. SCL - Semi- 
canal lamina, unossified; P - Floor of protympanum; TTM 
- Body of tensor tympani muscle dissected and laid lateral- 
ly to expose malleus handle (H). M - Malleus; I -Incus; C. 
Tym. - Chorda tympani nerve. 


then dissected posteriorly so that the tendon remains attached to 
the malleus neck (Fig. 1). This method avoids damage to the pos- 
terior margin of the SCL. Particular care is needed when the bony 
SCL is absent. After thorough examination of the SCL, the bony 
auditory canal, ossicles, and extent of mastoid pneumatization, a 
portion of the sphenoid wing and base are removed to palpate the 
cartilaginous auditory tube (CAT). 


RESULTS 


The tegmen tympani was thin or not completely 
ossified in infants but thin to very thick in adults 
with occasional air cells. The roof of the TTM canal 
varied from a thin membrane in infants to thin or 
thick compact bone with red marrow in adults. Per- 
itubular cells were seen in this area. The TTM ap- 
pears relatively larger in the infant and occupies the 
width of the SCL, which appears relatively nar- 
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Fig. 2. A-F) The semicanal laminae 
(S.C.L.) grouped by age and variation. A 
series of 146 temporal bones are repre- 
sented in the Figure as the left ear. Iso- 
lated ossifications occurred at the isthmus 
and protympanum. Sq. S.C.L - Squa- 
mous SCL; T. Tymp. M. - Tensor tym- 
pani muscle; Pet. $.C.L. - Petrous SCL. 


INFANT ADULT 
A B 
No S.C.L. Bony S.C.L. Intast 5.C.L.with 
deec fissures 
AGE 
0-1 8 5 es 
1-10 - - = 
11-20 2 4 bie 
21+ 9 29 9 


Partially formed 
lamina with 
membrous interval 


Fenestrations & 
fissures &S.C.L. 
portionintact&a 
part of bony SC.L. 


AGE 

0-1 15 5 
1-10 > 2 
11-20 = 2 
21+ 13 34 


rower. The cochleariform process or trochlea was 
often sited anteriorly to the malleus neck. This al- 
tered the direction of the tendon of the TTM which 
inserted into the malleus neck at an angle of 60° or 
greater. The narrower angle of insertion could re- 
sult in poor leverage compared to the 90° angle of 
insertion in the adult. This may explain the relative- 
ly large TTM body bulk. I suggest that with growth 
the SCL lengthens and widens and the trochlea 
moves posteriorl: so that the angle of insertion 
widens to 90° in the adult. I observed at autopsy 
that when the angle of insertion was 60° to 80°, 
retraction with forceps of the detached TTM body 
in the same anteromedial direction as its canal in- 
creased the rigidity of the posterosuperior quadrant 
of the drum by 5 to 8 g using a mechanical pressure 
gauge. When the TTM tendon is detached from the 
malleus and the muscle body is freed from the SCL 
up to the isthmus, posterolateral retraction with 
forceps in the plane of the TTM canal caused slight 
to moderate elevation of the thin fibrous lamina of 
the baby’s isthmus roof. I realize these two manipu- 
lations are artificial because the body of the TTM 
has short muscle fibers attached to the walls of the 
semicanal and also inserted into the central tendon.> 
If elevation of the isthmus roof of infants does occur 
in life, I surmise that tubal function would be im- 
proved in the primitive head-up position of nursing 
and carrying. 






Ope S&S C.L 
clas=œwith 

cart age extension 
from isthmus 


Foar children at autopsy had OME and an edem- 
atous TTM prolapsing through a thin fibrous SCL 
and »hstructing the wider superior portion of the 
BAT lumen.* The inferior portion was not ob- 
struc ed by the TTM. Chronic tubal inflammation 
and m-ection may involve the relatively large TTM 
of im-ants and children when the SCL and isthmus 
are c.osed by a fibrous membrane. These four child- 
ren Sied of leukemia, hydrocephalus and meningi- 
tis, a fall to his death by a retarded child, and 
drovaning in a bath by an epileptic female. Eight 
chilcren between the ages of 1'⁄ and 10 months died 
froresadden infant death syndrome (SIDS). All had 
OME -nucoid but no TTM prolapse. The possibility 
of pestmortem swelling of the TTM body producing 
the prolapse was excluded by finding the condition 
in certain BATs with OME. The eight children who 
died of SIDS and had associated OME did not have 
TT™ prolapse. Normal BATs with SCL dehiscences 
did net show any tendency to TTM prolapse. 


Figure 2 shows the variations of the components 
of the SCL. The medial or petrous lamina supports 
most of the TTM belly and contributes half to two 
thirds of the SCL. The lateral or squamous lamina 
fuses with the medial lamina often producing ridges 
or greoves, but deficiencies occur which are more 
freqaent at the protympanum area. Wide deficien- 
cies of the whole length of the SCL were closed by a 
variable thickness fibrous lamina which was often 
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fenestrated and incomplete, or an extension of car- 
tilage from the lateral cartilaginous lamina of the 
CAT. Incomplete bony SCL formation was fre- 
quent, affecting the lateral more than the medial 
lamina. All babies and children had a fibrous SCL 
and roof of the isthmus. The age group 1-10 vears is 
poorly represented with two autopsies, so no con- 
clusions can be made on the growth of the SCL dur- 
ing this very important period. More evidence is ur- 
gently required. The isthmus roof of infants and 
adults varied considerably (Fig. 3). Separate carti- 
lage and bony rests occur in the fibrous SCL. An 
adult specimen had a separate bony rest 2.5 mm x 
1.5 mm lying in the fibrous protympanum SCL. I 
speculate that this may represent a first arch rem- 
nant.“ 


The cartilaginous lateral lamina medial to the 
fibrous isthmus roof in infants is thin in contrast to 
the marked thickness of this lamina in adults. The 
attachment of cartilage to bone is very strong in 
adults and usually incomplete inferiorly, but three 
complete annular attachments were seen. Although 
some specimens had been involved in high-speed 
motorcycle accidents, there was no rupture of this 
junction. There are no reports of traumatic rupture 
in the literature. The roof of the infant’s BAT is the 
SCL with a relatively large TTM occupying the 
whole width. In the adult the BAT widens and the 
SCL and TTM occupy the medial two thirds of the 
roof and the lateral third is related superiorly to the 
middle fossa. Possible explanations of the gap in the 
isthmus roof between the SCL and the lateral lami- 
na of the CAT is the rate of basicranial growth in 
width, the need for a flexible isthmus roof in 
childhood, and the more recent phylogeny of the 
lateral lamina. I have insufficient material to deter- 
mine when the lateral lamina fuses with the medial 
lamina of the SCL. The SCL can be closed by a car- 
tilaginous lamina. I could find no adequate des- 
cription of the SCL in the fetus. 
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Fig. 3. A-E) Schematic concept of the adult 
and infant isthmus and the suggested effect of 
tensor tympani muscle. 
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Dissection of fresh normal cadaver BATs by re- 
moving the SCL revealed mucus lying in the narrow 
inferior portion of the tube and air, not bubbles, in 
the wider superior lumen, despite the variation in 
head position prior to autopsy. The floor of the 
bony canal at the protympanum has deep peritubal 
cells which always contained pooled mucus. The 
lumen of the medial bony auditory canal and isth- 
mus junction is roughly comma-shaped on cross sec- 
tion (Fig. 3), suggesting a superior air transmitting 
channel and an inferior cleft-shaped mucus chan- 
nel, or a two-way functional lumen. Radiological 
demonstration of the thin SCL was attempted on 
three adults with drum perforations and two pre- 
pared adult temporal bones which were later dis- 
sected and shown to have well-ossified SCL. The 
SCL cannot be demonstrated by conventional views 
or tomography or the use of fluid contrast media.°® 
The CAT in infants and children was exposed and 
manually palpated to detect loss of spring 
(malacia). Comparison by age, period since death 
and presence or absence of OME did not suggest 
malacia. Mastoid pneumatization was assessed 
visually and was considered to be within normal 
limits in all infants and children. One sclerotic 
adult mastoid had large well-developed peritubal 
cells. 


CASE REPORTS 


Case 1. An autopsy on July 25, 1977, revealed a white stillborn 
infant who had the TTM lying under the dura with no bony 
cover. The SCL and isthmus roof were thin fibrous membranes. 
The TTM tendon inserted into the malleus neck at 65°. 


Case 2. An autopsy was performed on December 30, 1977, on a 
white female, aged 16, who had died in a bath during an epileptic 
fit. The SCL was membranous and the edematous TTM pro- 
lapsed into the bony canal lumen. There was OME (glue) 
throughout all air cells and spaces and drum retraction pockets of 
both ears. 


Case 3. On September 20, 1980, an autopsy was performed on 
a white male, aged six months, who had died of SIDS. The dura 
was stripped to reveal a cartilaginous surface with areas of thin 
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bone, which was removed to expose a poorly developed TTM 
with normal thickness tendon inserting at a 65° angle. The SCL 
and isthmus were thin fibrous membranes; OME (glue) was 
found throughout all air cells and spaces of both ears. 


DISCUSSION 


“Little is known about how air is propelled 
through the tube or how much passes either in 
health or in disease.” The BAT has attracted little 
comment in the literature of OME because it has 
been assumed that functional obstruction occurred 
in the CAT. The SCL is considered a bony structure 
throughout life. The isthmus is a functional ob- 
struction because of the narrow lumen in infants (2 
- 4mm by 0.5 - 2 mm) and the angulation between 
the BAT and CAT. Bluestone et al? commented on 
the radius and length of the isthmus in children and 
demonstrated that radio-opaque fluid will enter 
and leave the cartilaginous tube on swallowing.’ 
Autopsies of patients with OME show no evidence 
of auditory tube obstruction, swollen mucosa or 
pathology.'®'' Schuknecht and Kerr’? reported au- 
topsy findings on 400 adult ears with chrenic otitis 
media; 51 ears had complete obstructien of the 
bony auditory canal. These reports do not comment 
on the structures considered in this stucy, as the 
methods were different. 


The membranous isthmus roof and TTM attach- 
ment suggests that infants have an additional valve- 
like effect from elevation of the isthmus roof. TTM 
may have a pumping action during swallowing.’ 
This study suggests the TTM fixes the malleus han- 
dle to stop drum flap, elevates the isthmus before or 
as the TPM opens the cartilaginous tube. Inflamma- 
tion of the TTM and its prolapse through a mem- 
branous SCL would negate this activity and the 
chronic tonic contraction would maintain handle 
retraction. A degree of functional obstruction in the 
BAT could give a false impression of obstruction or 
floppiness in the CAT.’ Studies’? on air passage 


through the normal and inflamed auditory tube 
assume there is no functional obstruction in the 
BAT. The present techniques of auditory tube func- 
tion’ cannot assess BAT and CAT functions separ- 
ately. 


The consistent finding at autopsy of stratified air 
and mucus in the BAT suggests the lumen has 2-way 
channels, the wider superior transmitting bubbles 
of air and the narrower inferior transmitting 
mucus. This cross-sectional shape is not continued 
into the CAT, but the inferiorly placed compound 
muceus glands and convoluted mucosa may encour- 
age mucus streaming in this area. The present con- 
cept is mixed air and mucus occupying the whole 
lumen, but this was not seen even in postmortems 
perfermed a few hours after death and despite the 
variation in head position of cadavers prior to dis- 
section. The movement of air superiorly and mucus 
inferiorly in opposite directions would facilitate air 
entry and mucus transport. Passage of radio-opaque 
fluid may not be a measure of the air channel.’ Air 
entry would not occur with swallowing but could 
be ferced via either channel if the other had a tem- 
porary obstruction. Tensor tympani muscle edema 
and prolapse could occur with acute otitis media 
and resolve with the infection but persistent swell- 
ing would perpetuate chronic OME. Increased au- 
topsy reporting will determine the possibility and 
frequency of TTM prolapse. If TTM edema and 
prolapse are present in some chronic OME, they 
could hinder the clearance of thick mucus and in- 
crease the resistance to air entry. I demonstrated 
that positional otitis media'* from bottle feeding 
could be reduced by head and body elevation. 
Rundcrantz’ showed that the head should be ele- 
vated at 20° for optimum auditory tube function. 
This head position could facilitate the suggested 
2-way flow in the BAT. Some findings of this study 
may be additional pieces of the jigsaw of OME. 
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AN INEXPENSIVE EFFECTIVE CRYOPROBE FOR PALLIATIVE CARE 


NIGEL R. T. PASHLEY, MB, FRCS(C) 


ANN ARBOR, MICHIGAN 


Cryotherapy has been shown to be an effective method of palliation for recurrent head and neck tumors. Commercially produced 
cryotherapy units, however, are extremely expensive; a factor that is significant for otolaryngologists in other than large academic centers 
where utilization justifies such an expenditure. A simply constructed, effective, and inexpensive cryoprobe is described which can be used 
by any practitioner in the care of recurrent head and neck tumors. 


Cryotherapy is an effective method of palliation 
for recurrent head and neck tumors,' particularly 
for cavitary lesions, eg, in the maxilla or oral cavity. 
The application of multiple freezes with near-nor- 
mal thaw cycles has been shown’ to provide a good 
tumor kill provided there is a fast freeze to at least 
-30 C. This can be achieved only with a liquid 
nitrogen probe which, if commercially produced, is 
very expensive. A simply constructed, clinically ef- 
fective cryoprobe which could be available to any 
practitioner is described. 


METHOD 


A commercially available Teflon® rod 3/, in (1.9 
cm) in diameter was first cut to a length of 30 cm 
(12 in), and on a lathe the diameter was reduced to 
1.3 cm ('h in) on one end for a distance of 1.3 cm (*/, 
in). The rod was bent to a gentle curve using heat. A 
solid copper rod of the same diameter was rcunded 
on one end using the lathe. The metal rod was then 
cut to 5 cm (2 in) in length and a 1.3 cm ('4 in) 
diameter hole drilled in the flat end to a depth of 
1.3 em ('/ in). 


A steel pin was inserted through a previously 





Fig. 1. A simply constructed cryoprobe approximately 
20 cm (7.9 in) in length. 


drilled hole in the copper and Teflon rods so that a 
tight joint was obtained. The protruding pin was 
flattened flush to the copper rod (Fig. 1). 


Liquid nitrogen, which is available in most 
clinical laboratories or which can be preordered 
and delivered to the operating room, is placed in a 
Dewar flask, and the metallic tip of the probe is im- 
mersed until boiling stops (the isothermal point). 
With the patient under general anesthesia, the 
probe is directly applied to the treatment area and a 
small quantity of saline is applied to the tis- 
sue/probe interface. This provides a good seal and 
insures maximal contact. Ice, being a good conduc- 
tor of cold, insures the formation of a good ice ball. 
Freezing is continued for 3-5 minutes and the probe 
is not moved during this time. 


To remove the probe it is twisted slightly or ir- 
rigated with warm saline to free it. The cycle is then 
repeated allowing a natural thaw to occur between 
freezings. 


DISCUSSION 


A simply constructed, inexpensive, effective cryo- 
probe is described, bringing this technology within 
the grasp of every otolaryngologist. For palliative 
care, cryosurgery provides effective debulking, 
cleansing of the surface of necrotic tumors, and pain 
relief by thermally induced sensory neuropraxia. 


The probes can be constructed with varying di- 
ameters and curves to adapt to individual circum- 
stances and allow for immersion in a container of li- 
quid nitrogen. Further studies at this institution are 
under way with thermocouples in tissue to deter- 
mine the distance from the probe tip of effective 
freeze, which on clinical grounds extends in a ball 
the diameter of the probe distance in all directions 
within the tissue. 
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LATENCY OF AUDITORY NERVE RESPONSE IN NEONATES 
ONE TO EIGHT HOURS OLD 


A. RUBINSTEIN, BA 


H. SOHMER, PhD 


JERUSALEM, ISRAEL 


Recording the response of the auditory nerve (W,) in neonates can contrib: <e to the diagnostic distinction betweer. audiological-oto- 
logical versus neurological pathology. If W, latency were subject to relatively rap dshortening in the hours directly after birth, inconsisten- 
cies in the literature might be clarified. The purpose cf this research was to stucy W, in neonates one to eight hours old in order to deter- 
mine if significant latency changes occur during this period. Auditory nerve-br instem responses were recorded in 40 full-term neonates 
and in 12 normal adults. W, latency in 1- to 3-hour-old neonates was 1.81 + 0.28 ms and 1.77+0.18 ms in 7- to 8-hour-old neonates. This 
difference was not significant. In adults, W, latency was significantly shorter (1 36+ 0.06 ms). These findings indicate that auditory nerve 
latency is about 0.43 ms longer at birth than in the adult and that the latency does not shorten significantly during the first hours after 


birth. 


INTRODUCTION 


It has been demonstrated in recent years that au- 
ditory nerve-brainstem responses (ABR) can serve as 
an important diagnostic tool even in the newborn 
population.'? A major parameter in the differential 
diagnosis between audiological-otological versus 
neurological pathology is the absolute latency of 
wave 1 (W,) and the comparison of the latency of 
this wave with the latency of one or more of the 
waves following it. Since wave 1 reflects the com- 
pound action potential of the eighth nerve, its laten- 
cy represents the transmission time of the stimulus 
through the outer, middle, and inner ear and of the 
response through the peripheral segment of the 
eighth nerve. If the latency of later waves is longer 
than usual while the latency of wave 1 is within 
normal limits, then the central or brainstem trans- 
mission time (BTT) will be prolonged and a neuro- 
logical disorder may be suspected.’ If the later 
waves are delayed while wave 1 is delayed by the 
same degree, the BTT will be normal suggesting a 
peripheral (conductive) problem.* If both W, and 
the BTT are long, both an audiological and neuro- 
logical problem may be suspected. 


To make a proper diagnosis it is critical to know 
the expected latency of W, in the normal neonatal 
population. Presently, the literature is mixed 
regarding this issue.*-* However, if W, latency were 
subject to relatively rapid shortening in the hours 
directly after birth, inconsistencies in the literature 
might be clarified. Mean latencies reported by dif- 
ferent groups would then differ depending on the 
specific postnatal age makeup of the experimental 
group (eg, number of babies a few hours eld versus 
a few days old). 


It is the purpose of this paper to determine the la- 
tency of W, in neonates within the first eizht hours 


after >irth and to determine if significant changes 
occurduring this period. 


METHODS 


This study was conducted on 40 neonates who were normal 
with spect to gestational age (38-41 weeks), birth weight 
(2,830—,300 g) and Apgar scores (9-10 after five minutes). 
Otoscoric examination was performed on all subjects but no 
eviden of significant conductive pathology was noted. ABR 
record: ags were obtained between one and eight hours after birth 
while tae infants lay in their bassinets in a room adjacent to the 
neonatal nursery. Sixteen of the neonates (32 ears) were tested at 
least twace, 1-3 hours and 7-8 hours after birth, while the remain- 
ing infants were tested once during the 8-hour period. Recording 
electrozjes were applied to the earlobe and to the scalp at a point 
about =cm anterior to the vertex. A ground electrode was applied 
to eithe the contralateral ear or a finger. A small portable electric 
respon audiometer system (Micro-Shev C-ERA-100; Microshev, 
Inc., F_ikadelphia) operated by a relatively untrained individual 
was us=] to obtain ABR responses. The preamplifier was optically 
isolatec in order to insure maximum subject safety. Electrode 
cenditi n, contact and degree of subject relaxation were moni- 
tored ier to the test and excessively noisy responses during the 
test wæe automatically rejected. 


Altemating polarity clicks, 75 dB HL in intensity (based on the 
subjec=ve thresholds of 12 adults with norma! hearing) were ap- 
plied separately to each ear at a repetition rate of 10/s. In eight 
newbc-ns, rates of 20 and 40/s were used as well. Between one 
and thæe replications of each trace were performed, depending 
upon =e clarity of W,. The electrical activity was band pass 
filterec with 3 dB points at 200 Hz and 2.2 kHz, amplified, and 
the resonses to 1,024 clicks were averaged. The latency and 
amplit de of W, were measured by means of a cursor from the 
multip = display of repeated runs on the screen. Finally, a built-in 
chart recorder printed out the response traces. 


For eamparison with neonatal recordings, ABR recordings 
were mace in 12 adults (24 ears) in response to the same stimulus 
and usme the same instrument as with the neonates. Means and 
standazd deviations of W, latencies were calculated separately 
from measurements taken during the time periods 1-3 hours and 
7-8 howrs. A paired t test was performed on the data obtained 
from neonates tested both at 1-3 and 7-8 hours. Clear repeatable 
respons peaks could not be identified in the recordings made on 
five of the neonates. 
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NEONATE 


Fig. 1. ABR recordings in one neonate and one adult. 
The neonate recordings cover a span of 7'4 hours after 
birth. The adult recordings are two successive replications. 
Response waves are labeled using the two systems in use to- 


day. 


In order to determine the prevalence and latency of the other 
component waves, the results from one testing session of one ear 
were chosen for comparison. The choice was based on the session 
and ear which demonstrated waves with the sharpest peaks and 
largest amplitude. These latency measurements were performed 
by hand from the chart recorder traces on completion of data col- 
lection. 


RESULTS 


In a typical example of the responses obtained 
from one newborn tested 2'/,, 5, and 7'/, hours after 
birth, waves 1, 2, 3 and 4 (complex IV-V) are evi- 
dent (Fig. 1). Representative recordings from an 
adult (two traces from the same adult) are shown as 


well. 
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Fig. 2. Histograms of latency of the auditory nerve re- 
sponse in l- to 3-hour-old neonates, 7- to 8-hour neonates, 
and adults. Note the almost complete overlap of the laten- 
cies in the two neonatal groups and the fact that the modal 
value (17 ears with a latency between 1.8 and 1.89 ms) in 
the 7- to 8-hour group is even longer than that in the 1- to 
3-hour group (11 ears with a latency between 1.7 to 1.79 
ms). Adult latency values are distinctly shorter. 


Latency of the auditory nerve response in the age 
groups studied is given in Table 1. Even though a 
small decrease in average latency is seen between 
the 1- to 3-hour neonates and the 7- to 8-hour neo- 
nates, this difference was barely significant (p 
< .05) in the neonates studied during both periods 
(paired t test), and was not significant in the grand 
total groups (1.81+0.28 ms in 1- to 3-hour neonates 
and 1.77+0.18 ms in 7- to 8-hour neonates). The 
absence of significance is further demonstrated in 
the histograms of Figure 2 which show that the mo- 
dal value of W, latency in the 7- to 8-hour neonatal 
group is longer than the modal value in the 1- to 
3-hour group. In comparison, the latency of W, in 
the adult group was significantly shorter (1.36 + 
0.06 ms). Thus, the neonatal W, latencies are be- 
tween 0.41 to 0.45 ms longer than in adults. 


Mean latencies and standard deviations of the 
other component waves over the neonatal age peri- 
od studied (1-8 hours) appear in Table 2. Waves 4a 
(IV) and 4b (V) were computed separately where 
possible. Brainstem transmission time (BTT) was 
determined by subtracting W, latency from P, as 
described elsewhere.* Wave 3 was found to be the 
most common (97.5%), followed by wave 1 (95%) 
and wave 4 (IV-V complex, 90%). Wave 2 was 


TABLE 1. LATENCY OF AUDITORY NERVE RESPONSE IN NEONATES AND ADULTS 





No. of No. of No. of 
Neonates 1-3 h (ms) Ears Neonates 7-8 h (ms) Ears p Adults (ms) Ears 
Paired 1.84+ 0.31 32 1.76+0.21 32 0.05 
Total 1.81+0.28 42 1.77+0.18 48 NS 1.36+0.06 24 


NS - Not significant. 
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TABLE 2. LATENCY OF AUDITORY NERVE-BRAINSTEM RESPONSE IN NEONATES 1-8 HOURS OLD (N = 50 EARS) 


Wave Latency (ms) 


I 2 3 4 (IV-V) fa (IV) 4b (V) P, BTT 


Average 1.79 3.17 4.36 6.87 6 12 6.94 7.54 5.85 
SD 0.23 0.23 0.23 0.31 0.47 0.31 0.35 0.34 


SD - Standard deviation; BTT - Erainstem transmission time; P, - Trough following wave 4b. 


present in 82.5% of those tested, which is higher 
than the 60% reported by Goldstein et al,’ and may 
be due in part to the relatively large number of 
traces obtained on most of the neonates. Only small 
increases in latency as a function of click repetition 
rate were found. 


DISCUSSION 


The results of this study indicate that reliable 
ABR can be obtained consistently from full-term 
neonates even as early as 1-3 hours after birth. 


One of the response paremeters studied was BTT 
which is a measure of the time interval between the 
auditory nerve response and a response from a more 
rostral region of the brainstem.’ Some investigators 
use wave V (4b) as an end-point of this measure- 
ment.°*-’ We prefer to use the trough following this 
wave (which we call wave P,) since the exact form 
taken by the IV-V complex is highly variable in nor- 
mal subjects,’ while wave P, is highly consistent 
(provided a relatively high low-pass recording filter 
is used). (It is for this reason also that we prefer to 
use the 4a-4b nomenclature rather than IV, V.) 
Therefore, in order to compare the BTT values ob- 
tained with these two different end-points. the time 
interval between end-points must be used (about 
0.65 ms) and when this is done, close agreement is 
found between the value of BTT in this study and 
results of other research. 


Several investigations have studied wave laten- 
cies in full-term neonates. Values for W, range from 
1.64 ms’ and 1.7 ms® to 2.12 m and 2.25.8 
Because variations in experimental design (eg, age 
makeup, click repetition rate, and click intensity) 
may be responsible for differences in absolute laten- 
cy values, a comparison can be improved by using 
as a reference the adult value for W, latency 
reported by each investigator (assuming that iden- 
tical stimulus and recording conditions were used). 
The adult values reported are quite similar: 1.4 
ms,'™!? 1.51, 1.53, and 1.57 ms.®”'° Unfortunately, 
the largest absolute neonate W, value, as obtained 
by Despland and Galambos? (2.25 ms), cannot be 
compared in this manner because no adult value is 
provided. Goldstein et al’ show the smallest dif- 
ference for W, latency between neonate and adult 
subjects (0.1 ms), while Selamy and McKean‘ and 
Salamy et al'° show the largest (0.55-0.6 ms). The 
results of this study reveal a mean difference of no 
more than 0.45 ms (1- to S-hours-old). 


The main purpose of this study was to determine 
whether the contradictions in the literature con- 


cerning the latency of W, in neonates might not be a 
result of differences in the age makeup of the 
neona al samples studied by each group together 
with « rapid latency shortening soon after birth. 
Thus. Despland and Galambos,* Salamy and Mc- 
Kean, and Salamy et al,'° who found the longest 
lateneses (2.25 and 2.12 ms respectively) may have 
studied a younger population while Goldstein et al’ 
and Starr® (1.64 and 1.7 ms respectively) perhaps 
studied an older neonatal group. 


Th= results of this study do not support this hy- 
pothes:s. First of all, even though the sample stud- 
ied h=e was obviously younger than that used in 
the other studies, the latency values found (1.81 ms 
for l- to 3-hours-old and 1.77 ms for 7- to 8-hours- 
old) ere closer to the shorter values reported by 
Goldstein et al’ and Starr et al.° In addition, the 
overal difference between the latencies in the 1- to 
3-hov® group and the 7- to 8-hour group (an aver- 
age d -ference of only 0.078 ms) was not significant. 
This nding does not support the notion of a ten- 
dency teward a rapid decrease in latency within the 
period studied. In addition, the results of this study 
have shown that the literature discrepancies on this 
point of W, latency do not seem to be due to dif- 
ferens in click intensity or repetition rate used by 
the d #erent groups. Small decreases in click inten- 
sity anc small increases in click repetition rate lead 
to very small prolongations of W, latency so that it 
is unlixely that the particularly longer W, latencies 
reported by Salamy and McKean* and Salamy et 
al'® (€.12 ms) and by Despland and Galambos? 
(2.25 ms) are due to the stimulus intensities and 
repet tion rates which they used. 


Th> age range of the subjects in the above studies 
included neonates up to the age of approximately 
four cays, and it is likely that the W, latency 
shorteas slightly during this period since in another 
study we have found that W, latency in 3-month- 
old im ents is about 0.10 ms shorter than in neo- 
nates It would have been ideal to follow the same 
child>en beyond eight hours through their first few 
days ø life but this was not feasible. In any case this 
would not lead to values closer to the relatively long 
lateneses (2.12 and 2.25 ms) reported’*!” since, if 
anythimg, the latencies would be even shorter in 
older meonates. Also, inclusion of older neonates in 
the stucy would lead to a smaller difference in W, 
lateney between such older neonates and adults. 
Even then, it does not seem likely that the very short 
neona*e-adult latency difference (0.1 ms) reported 
by Ge cstein et al’ can be explained in this way. 
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The issue of W, latency inevitably raises the ques- 
tion concerning the relative maturity of the peri- 
pheral auditory system at birth. The results of this 
study (a very gradual decrease in W, latency) sup- 
port the contention that maturity is almost but not 
quite complete at birth but does not shed light on 


the site of this incomplete development. Neonates 
have been shown to have normal tympanograms,!>'4 
making the possibility of a significant conductive loss 
unlikely, while postmortem study of neonatal coch- 
leae reveal hair cells which appear to be completely 
developed.'* This question requires further study. 
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FUNCTIONAL PATENCY OF THE COCHLEAR AQUEDUCT 
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The perilymphatic (P,) and cerebrospinal fluid (Pesr) pressures were invest gated in relation to pressure variations in the ear canal, 
middle ear and intracranial compartment before and after occlusion of the cochlezr aqueduct (CA). Experiments using intracranial infu- 
sion showed that the CA was responsible for a perfect kydrodynamic balance between the CSF and the perilymph. There are indications of 
additional pressure release factors but their capacities were not sufficient toyprewen the appearance of a longstanding and substantial pres- 
sure gradient following occlusion of the CA. A gradual P, build-up, from zero te i's original level after the CA was opened and occluded, 
indicated perilymph production within the labyrinth. investigation of pressure trarsfer from the ear canal and middle ear to the perilymph 
showed that the CA was the major pressure release route from the cochlea. Ocetu ion of the CA reduced the compliance of the inner ear 
and severely reduced the pressure release capacity. In such a situation the inner er is almost incapable of equilibrating ambient pressure 
changes. 


INTRODUCTION pressures have demonstrated that the CA was 
respomsidle for the functional relationship existing 
betweer these two fluid systems. '° However, it is 
not fully understood how the patency of the CA af- 
fects the pressure regulation of the inner ear. The 
purpose of this study was therefore to analyze the 
effect of experimental occlusion of the CA on 1) the 
functi#ral communication between the CSF and 
the perlymphatic fluid; 2) the transmission of 
pressure changes from the external ear canal and 
the middle ear to the perilymphatic fluid; and 3) 
the pres:ure-regulating capacity of the inner ear. 


The pressure-regulating mechanisms of the inner 
ear have been receiving increasing attention since 
numerous reports indicate that inner ear symptoms 
can be induced by changes in ambient pressure," 4 
or by high intensity, low frequency pressure 
waves.°*-’ Densert et alë demonstrated experimental- 
ly that the inner ear function of patients with 
Meniere’s disease can be influenced by ambient 
pressure changes. However, the pathogenesis of in- 
ner ear disorders caused by variations in ambient 
pressure is not fully understood. 


Experimental investigations on the tramsmission METHODS 
of low frequency pressure ehanges from the middle 


ear to the perilymphatic fluid performed by Densert Fifteen cats weighing 2 to 3.5 kg were used. The animals 


underwen: tracheostomy and were ventilated with a respirator. 


et al’ demonstrated an almost direct transmission of Ears with signs of chronic infection or middle ear effusion were 
pressure to the inner ear. However, the pressure exclude. 

stabilization in the perilymph was not a homogen- Peril.mmphatic pressure (P,) was measured in the vestibule via a 
ous process. One pressure release factor, probably canal Guild through the temporal bone using an extra-aural ap- 
the cochlear aqueduct (CA), seemed to be responsi- proach A metallic cannula, inside diameter (ID) 0.8 mm, with a 


short actapter, was screwed into the canal and sealed. The ear 


ble for the major part of the inner ear pressure 
S p p canal amd the middle ear cavity were left intact.?° 


regulating capacity. 
l Cer®respinal fluid pressure (Pesr) was measured in one of the 
The patency of the CA in lower mammals is gen- lateral veatricles via a metallic cannula (ID 1 mm) with a short 


erally accepted.'®'' In man, however, the aqueduct adapte- A similar metallic cannula was inserted into the opposite 

is considered to be closed in some individuals lateral »eetricle and connected to an automatic syringe pump for 
3 . = . . . 

whereas an open communication through the intracr=nwl infusion (Sage Instruments, Cambridge, Mass.). 

aqueduct has been demonstrated in others.'2>'4 Ef- The pressure sensor of a Millar microtip transducer PC 360 5F 


; ; ; (Millar instruments, Inc., Houston, Tex.) was inserted into each 
forts have been made to determine the fluid flow adapte~for measuring the P, and Pcs. The total fluid volume in 


through the CA by measuring the perilymph the messuring systems was about 12 and 25mm,’ respectively. 
outflow from a perforation in the coehlea.'*'° biii 
Kellerhals'® reported that about one-fifth of the nedap Eiee ee) P p oe 
i ; p i À i measumd via two polyethylene tubes (PE 190) fitted into a rubber 
perilymphatic fluid was derived from a CSF influx stopper that was inserted and sealed in the ear canal. 
via the CA, whereas the remaining part Wa derived Mid= eæar pressure changes (Pw) were applied and measured in 
from the ultrafiltration process within the the tyrpenic bulla via two polyethylene tubes (PE 190) in a rub- 
labyrinth. Studies on the CSF and perilymphatic ber stcnper that was fitted into a predrilled perforation in the 
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Lo Fig. 1. ae 4 of the perilymphatic (Pp) 
feiockinc $ and cerebrospinal fluid (Pes, peene before, 
during (arrows) and after blocking of the 


cochlear aqueduct. When the cochlear aqueduct 


27 kPa is divided the P, drops to zero. When the 
PAAPAA — — — aqueduct is blocked there is a spontaneous 
p pressure build-up in the perilymph and a reduc- 
CSF tion of respiratory fluctuations. 
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AQUEDUCT PATENT 


bulla. The Pec and Py were measured with Millar microtip 
pressure transducers. 


Pressure changes applied to the external ear canal and middle 
ear were generated with a source of variable air pressure. Low- 
pass filtered pressure steps were produced with a rise time of 20 
and 80 ms, respectively (equivalent to a corner frequency of about 
18 Hz and 4 Hz’). The amplitude of the pressure steps was 
changed stepwise within the range of 0 to + 5kPa (37.6 mm Hg) 
and was kept constant for about 30 s. In a few experiments very 
slow pressure changes were applied with rise times of about 
0.25-0.5 kPa/s (1.9-3.8 mm Hg/s). 


Pressure stimulation was first applied to the ear canal and then 
to the middle ear. The first series of experiments was performed to 
study the initial peak change in P, as well as the subsequent 
pressure release process. The time constants of this process were 
determined by extrapolation of the rate of pressure release.’ 


The CA was then blocked via an approach through the opening 
previously made in the tympanic bulla. The CA was exposed 
posteriorly and medially to the round window by means of a dia- 
mond drill, and was completely transected and blocked with 
amalgam. The inferior cochlear vein was encountered in some 
animals. A rubber stopper (4 x 3 mm) with two polyethylene 
tubes was fitted to make an airtight seal with the opening made in 
the bulla. In this way middle ear pressure changes could be ap- 
plied when the CA was blocked. Thus, with the CA blocked, the 
same series of pressure changes as mentioned above could be ap- 
plied to the middle ear and ear canal. The tympanic cavity was 
sealed during ear canal pressure stimulation and ventilated in bet- 
ween. Continuous measurements of the Pp and Pesr were per- 
formed before, during, and after the opening and occlusion of the 
CA. 


Intracranial infusion of artificial CSF?! was performed at a rate 
of 0.15-0.3 ml/minute before and after occlusion of the CA. In 
this way the communication between the CSF and the perilym- 
phatic fluid was investigated. 


After the series of experiments was completed the tympanic 
membrane and tympanic cavity were inspected with an operating 
microscope for signs of hemorrhage or other damage. 


The T test for paired observations indicated that differences were 
significant at the p<0.05 level. Pressure measurements are given 
in kilopascals (kPa) according to the International System of 
Units, 1 kPA = 7.5 mm Hg. 


RESULTS 


Functional Communication Between the CSF 
and the Perilymphatic Fluid Systems. Before 
blockage of the CA no significant difference was 
seen between the mean perilymphatic and CSF 
pressure (p>0.05). The pressure level ranged from 
0.2-1.8 kPa between the individual animals. 


AQUEDUCT BLOCKED 


The opening of the CA caused leakage of some 
fluid, and a sudden fall in the P, to the zero level as 
well as a complete disappearance of the pulse and 
respiratory induced pressure variations previously 
seen. The CSF pressure remained unchanged (Fig. 
1). Even though the CA was completely transected, 
the Pp, spontaneously started to rise. This might be 
interpreted as a partial obstruction of the periotic 
duct caused by debris or swelling of traumatized en- 
dothelial cells, since the P, again fell rapidly to zero 
when the duct was manipulated with a needle. 


In three animals the inferior cochlear vein was 
exposed. Compression of the vein caused an im- 
mediate and transient rise in the P». 


After blockage of the CA the P, gradually rose to 
its original level, usually within one minute (Fig. 
1). Provided the experimental conditions were kept 
stable no significant different was found in the P, 
level before and after blockage of the CA in six 
animals (p>0.05). The respiratory induced 
pressure variations were substantially reduced but 
could still be detected using high amplification of 
the pressure recordings. No major change was 
observed in the amplitude of the pulse pressure 
variations. 


When the CA was patent, infusion of artificial 
CSF into the lateral ventricle caused a simultaneous 
and equal rise in the P, and Pesr. When the infusion 
was stopped the Pp and Pcsr reached their peak 
values and leveled off simultaneously indicating the 
existence of a direct communication. 


Following blockage of the CA, intracranial infu- 
sion produced quite a different pressure response in 
the perilymph indicating that the communication 
between the two fluid compartments was severely 
reduced. The cerebral spinal fluid pressure reacted 
as before (Fig. 2). The P, appeared to respond 
simultaneously with the CSF pressure; however, 
the rise of the Pp was much slower and reached only 
a fraction of the rise seen in the Pcs. When the infu- 
sion was stopped the Pcs- reached its peak and lev- 
eled off, while the P, continued to rise, sometimes 
several minutes, before it reached its maximum lev- 
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el. The subsequent fall in P, was equally slow as the 
previous rise. Thus, each change in CSF pressure in- 
duced a significant and long-standing pressure gra- 
dient between the CSF and the perilymphatic fluid 
when the CA was blocked. 


Transmission of Pressure Steps From the Ear 
Canal and Middle Ear to the Perilymphatic Fluid. 
The perilymphatic pressure reacted without any 
observable time lag to changes in pressure in the 
middle ear and the ear canal (Fig. 3). The initial 
perilymphatic peak values (AP,) were plotted as a 
function of the applied pressures in the middle ear 
(AP), before and after blockage of the CA (Fig. 4). 
Before blockage of the CA an asymmetry was seen 
in the amplitude of the perilymphatic response to 
high positive and negative pressure steps, ie, signif- 
icantly higher perilymphatic pressure peaks (AP,) 
were seen in response to a positive stimulus than to a 
negative one (p<0.05). After occlusion of the 
aqueduct no significant asymmetry (p>0.05) was 
found (Fig. 4). 


The initial perilymphatic peaks (AP;) were plot- 
ted as a function of the applied pressures in the ear 
canal (AP;c) in six animals before and after occlu- 


Fig. 3. Application of a negative pressure -2 kPa 
step to the middle ear (Py) produces an im- 
mediate change in perilymphatic pressure 
(Pp). Pressure recordings before and after 27 kPa 
blockage of the cochlear aqueduct. Note the 
rapid pressure release process when the 
aqueduct is patent and the extremely slow 
oe release when the aqueduct is 
locked. No change is seen in the CSF 
pressure. 


N37 kPa 
` Fig. 2. Pressure recordings during in- 
0 tracranial infusion when the cochlear 
t aqueduct is patent (top) and blocked 


(bottom). When the aqueduct is patent 
the change in perilymphatic (PA and 
CSF pressure (Pesr) is approximately 
equal. When the aqueduct is blocked the 
rise in Pp is much slower than in the Pesr, 
and a considerable and long-lasting pres- 
sure gradient is seen between the peri- 
lymph and CSF. (Arrows indicate begin- 
ning and end of intracranial badn, 


sion of the CA (Fig. 5). With the middle ear cavity 
intact the transfer function did not show any essen- 
tial differences when the CA was patent or blocked. 
The limitation in pressure transmission, seen at 
stimulus levels exceeding about 3 kPa, remained un- 
changed and so did the asymmetry of the amplitude 
of the perilymphatic peaks in response to positive 
and negative pressure stimuli. 


The eustachian tube was not forced open by the 
appliee pressure levels. This was checked by con- 
tinuous pressure recordings. 


Pressure-Regulating Capacity of the Inner Ear. 
Pressure changes similar to those given above were 
appliec to the external ear canal and to the middle 
ear. When the CA was patent the initial perilym- 
phatic peak (AP,) was followed by a stabilization of 
the Ps to the original level despite a constant 
pressure stimulus level. The form of this pressure 
stabilization process differed somewhat between 
cats (Figs. 3 and 6). A quantitative measure of this 
difference was obtained by comparing the values of 
the time constants of the stabilization process. The 
initial time constant, T,, was generally dominant 
and represented the major and rapid part of the 
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Fig. 4. Transfer functions obtained from pressure ap- 
plications in the middle ear, before and after occlusion of 
the cochlear aqueduct. The graph shows the mean values 
+ 1 SD of the initial perilymphatic peaks (AP,) as a func- 
tion of middle ear pressure steps (AP) in six cat ears. 
- Cochlear aqueduct patent; ----- - Cochlear 
aqueduct blocked. 





pressure stabilization. A second time constant, T2, 
which was longer and sometimes difficult to calcu- 
late, indicated a much slower pressure release pro- 
cess. The value of T, was, to some extent, decreased 
with increasing stimulus pressure, thus indicating 
the amount of compliance of the inner ear. 


When the CA was blocked the form of the 
perilymphatic pressure stabilization became com- 
pletely different. Most often one very long, 
sometimes infinite time constant (T’) was observed, 
indicating the very small remaining pressure release 
capacity in addition to that of the CA (Figs. 3 and 
6). T’ showed no dependency on the applied 
stimulus pressure level in the ear canal and middle 


Fig. 5. Transfer functions obtained from 
pressure applications in the ear canal, before 
and after occlusion of the cochlear aqueduct. 
The graph shows the mean values + 1 SD of 
the initial perilymphatic peaks (AP,) as a 
function of ear canal pressure steps (APxc) in 
six cat ears. - Cochlear aqueduct pa- 
tent; ----- - Cochlear aqueduct blocked. 





ear, indicating a reduced compliance in the system 
(see table). By comparing the T’ and T’ a measure 
was obtained of the difference in pressure release 
capacity before and after occlusion of the CA. A 
20-fold to infinite increase of the major time cons- 
tant was seen when the aqueduct was blocked. 
Thus, after the initial perilymphatic peak (AP>) 
seen in response to a pressure stimulus in the ear 
canal or middle ear, the Pp remained practically 
constant despite a continuation of the stimulus 
pressure for several minutes. The form of the P,» 
response was thus similar to that of the stimulus 
pressure (Figs. 3 and 6). 


Animals showing a short initial time constant (T,) 
could almost completely compensate pressure 
changes with a rise time of about 0.25-0.5 kPa/s due 
to the pressure release via the CA (Fig. 7). When the 
aqueduct was blocked there was a severe impair- 
ment to the pressure-regulating capacity and conse- 
quently the inner ear was affected by any change in 
the stimulus pressure throughout the duration of the 
stimulus. 


DISCUSSION 


Investigation of the perilymphatic pressure (Pp) 
as a function of a pressure variations outside the 
cochlea, eg, variations in the vascular and CSF 
pressures as well as pressure changes in the ear canal 
and middle ear, have previously been reported by 
our group.” 


Blockage of the CA in the present study provided 
an opportunity to directly follow and evaluate the 
significance of the patency of the CA for inner ear 
pressure-regulating abilities as well as for the func- 
tional communication between the perilymphatic 
and CSF systems. 


The most widely accepted view on the origin of 
the perilymphatic fluid seems to be that of a com- 
bination of CSF influx via the CA and ultrafiltra- 
tion within the cochlea.'*-'*?? The theory of a CSF 
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sure steps applied to the middle ear. The 
slow perilymphatic pressure release process 
(left) indicates poor patency of the cochlear 
aqueduct (even before it is blocked). With 
the aqueduct blocked there is hardly any 
pressure release at all. No change is seen in 
the CSF pressure. 
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AQUEDUCT PATENT 


influx is supported by investigations with tracer 
substances in animals,'':'*745 and by histological 
examinations of human temporal bones after fatal 
subarachnoid hemorrhage.'* However, Lindsay et 
al'® and Schuknecht and Seifi,'! who occhided the 
CA in cats and found normal inner ear structures, 
concluded that the perilymph volume can be pre- 
seved in spite of blockage of the aqueduct. A local 
perilymph production theory is also supported by 
Silverstein et al,” who demonstrated an increase in 
protein concentration in the perilymph <ollowing 
blockage of the CA. In the present investigation 
transection and subsequent occlusion of the CA was 
performed during continuous measurement of the 
perilymphatic and CSF pressures. A fall in the P, to 
zero when the CA was opened was followec by spon- 


AQUEDUCT BLOCKED 


taneeus rapid rise in P» to its original level when the 
aqueduct was blocked. This indicates a local pro- 
duction of perilymph within the labyrinth and that 
the production of perilymph is sufficient to main- 
tain a pressure equilibrium without supply of CSF 
via the CA. It also suggests that the CA may func- 
tion as a two-way communication for exchange of 
fluid with elimination of waste products from the 
perilymph. When the rate of the pressure build-up 
from the suggested perilymph production (Fig. 1) 
was compared to the rate of the Pp rise, seen on in- 
tracranial infusion after obstruction of the aque- 
duct (Fig. 2), the latter process was by far the 
slower. The perilymphatic pressure rise after in- 
tracranial infusion might be explained by an in- 
crease in perilymph production initiated by the 


VALUES OF THE MAJOR TIME CONSTANT OF THE PERILYMPHATIC PRESSURE RELEASE PROCESS BEFORE (T,) AND 


AFTER (T’) BLOCKAGE OF THE COCHLEAR 
Cochlear Aqueduct Patent 
Tiec Tim 
19/79 23/79 1/80 19/79 23/79 
+ AP 
0.33 2.0 5.0 2.5 
0.67 2.0 4.0 2.5 4 8 
1.00 4 8 
1.34 1.5 3.0 2.0 3 9 
2.00 1.0 2.5 LZ 2 8 
2.66 2 7 
3.00 1.0 2.5 1.7 
3.50 1.0 2.5 1.7 2 7 
4.00 1.0 2.5 Le 2 7 
5.00 1.0 2.5 7 
— AP 

0.33 0.7 2.0 Li 
0.67 iri 2.0 Lid 0.8 2.0 
1.00 0.8 2.0 
1.34 0.5 bal 1.0 0.8 1.5 
2.00 0.5 1.5 1.0 0.5 1.5 
2.66 0.5 1.5 
3.00 0.5 1.5 0.5 
3.50 0.5 1.5 
4.00 0.5 1.5 0.5 0.5 1.5 
5.00 0.5 1.5 0.5 


1/80 


GC A J OT Ol 


0.7 
0.7 
0.4 
0.4 
0.4 


0.4 
0.4 


UEDUCT IN THREE CATS 
Cochlear Aqueduct Blocked 


T’ £c T'm 
19/79 23/79 1/80 19/79 23/79 1/80 
> 600 110 > 600 
> 600 110 > 600 >600 >600 350 
>600 >600 310 
600 110 >600 >600 350 
600 110 > 600 600 >600 350 
600 >600 330 
600 110 > 600 
600 110 > 600 600 >600 330 
600 110 > 600 600 >600 350 
600 110 > 600 
500 270 > 600 
500 300 > 600 500 >600 210 
500 >600 210 
500 340 > 600 500 >600 210 
500 340 > 600 500 >600 210 
500 >600 210 
500 340 > 600 
500 >600 210 
500 340 > 600 500 >600 210 
500 340 > 600 


Tec - Time constant in response to ear canal pressure stimuli; T,, Time constant in response to middle ear pressure stimuli; AP - Stimulus pressure level 


(kPa). 
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AQUEDUCT PATENT 


pressure gradient induced between the perilymph 
and CSF compartments. Another plausible theory is 
that additional routes for CSF influx exist when the 
CA is blocked, but that they only make a very slow 
contribution to the pressure equilibrium between 
the two fluid systems. Histological investigations 
have demonstrated that the perivascular and peri- 
neural spaces may serve as such additional 
routes. '®™?5:27:28 Beentjes"? reported a sustained de- 
crease of the labyrinthine pressures, often to zero, 
when the CA was blocked. Kerth and Allen," Mar- 
tinez,'* and Beentjes'® reported that a blocked CA 
prevented any rise in intracochlear pressure during 
intracranial infusion. Furthermore, contrary to our 
findings, they also reported a complete absence of 
breathing fluctuations in the perilymphatic flu- 
id.'*'? No definite explanation can be offered for 
the discrepancy between these findings in previous 
reports and those made in the present investization. 
It is, however, possible that the differences can be 
attributed to the different experimental methods 
used. The substantially reduced P, reactions, seen 
when the CA was blocked, can easily be overlooked 
when using an open manometer system,'” or when 
any fluid leakage is present in the system. Beentjes’? 
measured the labyrinthine pressures some time after 
the CA was blocked, using a measuring system with 
about a 1000-fold larger volume displacement (ac- 
cording to his report) than we used in the present 
investigation. 


The pressure-regulating capacity of the inner ear 
was evaluated by determining the rate of the 
pressure release process in the perilymph. This was 
done using low frequency pressure stimulation to 
the ear before and after occlusion of the CA. The 
rate of the pressure release process varied among 
animals before blockage of the aqueduct. Occlusion 
of the aqueduct always resulted in a severe impair- 
ment of the pressure-regulating capacity of the in- 
ner ear, demonstrated by a 20-fold to infinite in- 
crease of the time constants for the pressure release 
process. This indicates that a variability of the 
patency of the CA exists among animals and also 
that the CA is the major pressure-regulating factor 
of the inner ear. Additional pressure-regulating fac- 


AQUEDUCT BLOCKED 


Fig. 7. Recording of the perilymphatic 
pressure (Pp) in response to a slow change in 
middle ear pressure (Pu). The small and tem- 
porary change in Pp, when the aqueduct is 
pene indicates an immediate pressure re- 
ease via the aqueduct. When the aqueduct is 
blocked, no pressure release is seen, and the 
P, directly follows the change in middle ear 
presun: The CSF pressure is shown at the 

ottom. 
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tors (eg, perivascular, perineural spaces, changes in 
perilymph production and resorption) seem to exist 
but their contribution seems to be very limited. It 
was further demonstrated that increasing stimulus 
levels to the ear could increase the rate of the 
pressure release when the CA was patent but not 
when it was occluded. This indicates that the CA 
plays the major role in the compliance of the inner 
ear. 


Investigation of the pressure transfer from the ear 
canal and middle ear to the perilymphatic space 
was performed using pressure stimuli with a rise 
time of 20 and 80 ms (corner frequency 4-18 Hz’). It 
was shown that the patency of the CA generally did 
not influence the amplitude of the initial perilym- 
phatic response. The reason seems to be that the rise 
time of the stimuli exceeded that at which an im- 
mediate pressure release occurred via the patent 
CA. However, negative pressure stimuli in the mid- 
dle ear were an exception because a significantly 
higher initial perilymphatic peak (AP,) was ob- 
served when the CA had been occluded. This in- 
dicates that negative pressure stimuli could be com- 
pensated for to a small extent when the CA was pa- 
tent as illustrated by the differences in the transfer 
functions before and after occlusion of the CA (Fig. 
4). The reason for this may be that pressure stimula- 
tion in the middle ear produced a much greater 
perilymphatic peak than did a corresponding 
pressure stimuli in the ear canal. Furthermore, 
fluid is more easily forced through the CA from the 
subarachnoid space to the cochlea (during negative 
pressure stimulation) than in the opposite direction 
(during positive pressure stimulation). An 
anatomical basis for this finding may be the dif- 
ference in shape of the subarachnoid and cochlear 
openings of the aqueduct.'®”? Previously we have 
demonstrated that the perilymphatic pressure 
response to infrasound stimulation was reduced 
when the frequency of the infrasound was reduced 
below about 1 Hz.” In the present study it was 
shown that a patent CA could almost completely 
protect the inner ear from pressure changes when 
the ear canal or middle ear was exposured to 
pressure changes with a very long rise time 
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(0.25-0.5 kPa/s). However, a blocked CA will 
drastically reduce the pressure-regulating capacity, 
thus leaving the inner ear with little protection 
against pressure changes regardless of the rise time 
and also incapable of equilibrating pressure changes 
induced from the ear canal and middle ear. The in- 
ner ear is therefore likely to be more vulnerable to 


ambient pressure changes when the CA is 
obstructed. 

The present study concerned acute experimental 
conditions and it is conceivable that long-time 
obstruction of the CA may increase the efficiency of 
the existing minor pressure release routes. This 
point needs to be addressed by future experiments. 
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EVIDENCE FOR PRESYNAPTIC PARASYMPATHETIC 
RECEPTORS ON NASAL BLOOD VESSELS 


RICHARD T. JACKSON, PhD 


ATLANTA, GEORGIA 


Noradrenergic synapses in the heart and several blood vessels have been shown to possess prejunctional receptors that modulate the re- 
lease of norepinephrine from the synapse. The present experiment attempted to find evidence for presynaptic receptors for acetylcholine 
that modulated norepinephrine release. From the evidence obtained, it appears that the acetylcholine released from nasal parasympathetic 
fibers does not directly affect the smooth muscle of nasal blood vessels. Acetylcholine does, however, appear to inhibit the release of 
norepinephrine from nasal sympathetic nerve terminals. It appears that any nasal vasodilation produced by nasal parasympathetic fibers is 
caused by acetylcholine acting on an inhibitory, presynaptic, muscarinic receptor on the sympathetic nerve terminals. Acetylcholine would 
exert its control over nasal vessels by regulating the degree of sympathetic neurotransmitter release. 


INTRODUCTION 


It is commonly assumed that autonomic control 
of nasal blood vessels is by reciprocal innervation of 
the smooth muscle of nasal blood vessels by both 
sympathetic and parasympathetic nerve fibers. Post- 
ganglionic sympathetic fibers join the muscle at a 
synapse. The presynaptic complex releases nor- 
epinephrine (NE) which crosses the synaptic cleft, 
combines with a receptor on the muscle, induces 
contraction of the muscle, and results in vasocon- 
striction. Parasympathetic fibers form a similar 
synapse. Here the presynaptic complex releases ace- 
tylcholine (ACh) which crosses the cleft, combines 
with a muscarinic receptor on the muscle, induces 
muscle relaxation and vasodilation. Thus the blood 
flow at any time is the result of the combined effects 
of both systems. 


However, animal nasal experiments with one of 
the prime neurotransmitters, ACh, produced equiv- 
ocal results.'* Administration of NE produced a 
quick, large, dose-related constriction of nasal ves- 
sels, often at doses that have little effect on blood 
pressure. Administration of ACh however, usually 
produced small dilation responses or none, and 
these are overshadowed by blood pressure changes. 
Whereas it was quite simple to demonstrate a phar- 
macological block of the effects of NE with antag- 
onists like phenoxybenzamine, it was difficult or 
impossible to demonstrate a block of ACh effects 
with atropine. The equivocal behavior of nasal 
blood vessels to ACh prompted the author to look 
for other mechanisms. 


In the last few years, pharmacologists have 
demonstrated that the presynaptic complex of sym- 
pathetic neurons contains several different kinds of 
receptors that modify the output of NE from the 
neurons.°~’ It has been shown that the presynapse 
contains alpha receptors, responsive to the NE re- 


leased from the synapse, that act to inhibit the re- 
lease of NE. This negative feedback loop appears to 
regulate sympathetic effects, especially after higher 
neuronal activity. Besides alpha receptors, there is 
evidence in some adrenergic tissues for the existence 
of cholinergic receptors on the presynaptic com- 
plex, eg, the heart and several blood vessels.* 7: 
Data show that in the heart presynaptic adrenergic 
tissue is inhibited by activation of a muscarinic re- 
ceptor in addition to the effects caused by parasym- 
pathetic innervation of nodal tissue.°* Thus, slow- 
ing of the heart rate could result not only from chol- 
inergic effects on nodal tissue but also from cholin- 
ergic effects on the adrenergic synapse. Besides the 
heart, several isolated vascular tissue preparations 
have been shown to possess presynaptic, muscarinic 
receptors that inhibit NE release from sympathetic 
nerve endings.’ With this in mind, I attempted to 
determine if nasal vascular tissue gave evidence that 
its sympathetic nerve endings possessed presynap- 
tic, muscarinic receptors that affected NE release. 


METHODS 


An in vitro preparation of dog nasal blood vessels was used in 
this study. The responses of this preparation to drugs and elec- 
trical stimulation have been described previously.'®'' The reader 
should be aware that this is an en masse blood vessel preparation. 
Nasal mucosa contains no contractile tissue except the smooth 
muscle of the blood vessels. Since mucosa contains various types of 
vessels (small arteries, capillaries, small veins), the recorded re- 
sponses are the result of the activity of all vessel muscle. 


The isolated nasal mucosa exhibits an increase in tension (con- 
tracts) when treated with common alpha adrenergic drugs such as 
NE, methoxamine, xylometazoline, ephedrine, phenylephrine 
and pseudoephedrine. These drugs are well-known vasoconstrict- 
ing agents. It thus seems appropriate to relate and equate the con- 
traction of the mucosa to vasoconstriction. Common vasodilating 
drugs such as acetylcholine, isoproterenol, nitroglycerine and his- 
tamine relax this tissue. It seems appropriate to relate this 
response to vasodilation or to interference with vasoconstriction. 
These relationships appear more secure because when these drugs 
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Fig. 1. Reduction of the electrically-induced response of 
the nasal mucosa by guanethidine. The response (increased 
tension) to epinephrine (EPI) is followed by four control 
responses to electrical stimulation. After the introduction 
of guanethidine, the responses to electrical stimulation are 
virtually abolished. The nasal smooth muscle still responds 
to EPI. Rinsing restores the electrically-induced responses. 


are tested on nasal tissue in vivo, they induce the appropriate 
response.'?''? 


Electrical stimulation of this isolated nasal mucosa preparation 
causes a contraction of the tissue.'' The mechanism of “field 
stimulation” is via stimulation of sympathetic nerve remnants still 
remaining on nasal blood vessels in the isolated mucosa. This 
mechanism has been shown by responses to guanethidine'' and is 
demonstrated in this study (Fig. 1). 


Two pieces of dog nasal septal mucosa were placed in muscle 
baths containing 10 ml of bicarbonate-buffered Ringer's solution. 
The bath solution was gassed with a 95% oxygen - 3% carbon 
dioxide mixture. A tension of 0.5 g was applied to the tissue and it 
was allowed to equilibrate for about 15-30 minutes. The mucosa 
was attached by a string to a force transducer and the tension 
changes were recorded. Electrical stimulation of this tissue or the 
introduction of vasoconstricting agents causes the mueosa to con- 
tract. Electrical stimuli were generated by a Grass S4 stimulator. 
The timing of the stimuli was regulated by two interval timers. 
Two 16-gauge wires (insulated except at the tip) were introduced 
into the muscle bath; one above and one below the tissue. The 
stimulus was usually five seconds in duration at a leve! of 20 to 40 
V and frequency of 5 Hz. A 2-minute interval was allowed be- 
tween stimulations. 


Vasoactive drugs were introduced via a side port ir the muscle 
bath. Vasoconstricting agents induced a contraction of the 
mucosa. Vasodilating agents reduce the electrically stimulated 
contraction or induce relaxation in a tissue previously contracted 
by a constricting agent."' 


RESULTS 


It has previously been shown that electrical stim- 
ulation of the isolated nasal mucosa causes a con- 
traction of the nasal blood vessels.'' The size of the 
contraction is related to the strength and duration 
of electrical stimulation (Fig. 2): Figure 2A shows 
the effect of varying the frequency of stimulation; 
Figure 2B shows the effect of varying the voltage of 
the stimulation while keeping the other parameters 
constant. The experiments that follow were per- 
formed with constant stimulus parameters. Thus, 
after the initial equilibration period, the responses 
to stimulation would be expected to be constant for 
the time interval of the experiment. 


Guanethidine interferes with this electrically-in- 
duced contraction (Fig. 1). It reduces or abolishes 
the response to electrical stimulation but does not 
reduce the response of the nasal smooth muscle to 
exogenous epinephrine (or NE). Thus the postsyn- 
aptic receptors are not blocked. The inhibition is 
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Fig. 2. Tracings of contractions of the nasal mucosa in- 
duced by varying the stimulus parameters of electrical 
stimulation. A) Frequency of stimulation was varied while 
the valtage (40V), duration (5 sec) and interval (2 min) 
were held constant. B) Voltage was varied while the fre- 
quency, duration and interval were held constant. The size 
of tae contraction is related to the strength and duration of 
electrical stimulation. 


reversible. Guanethidine is known to interfere with 
the terminal neuronal stores of sympathetic trans- 
mitter. Transmitter (NE) uptake, storage, and re- 
lease mechanisms are affected and this results in a 
reduction in transmitter release from the nerve ter- 
mina! following nervous activity.'* Electrical 
stimulation of isolated nasal mucosa induces a 
release of NE from sympathetic nerve terminals 
which in turn acts on the smooth muscle of nasal 
vesseis and causes contraction (Fig. 1). 


When acetylcholine (ACh) is added to the muscle 
bath during electrical stimulation, the contraction 
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Fig. 3. Effect of acetylcholine (ACh) and atropine on 
electrically-induced responses. The introduction of ACh 
quickly reduces the responses. Atropine blocks this effect. 
Stomalus interval is two minutes. 
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Fig. 4. The effect of vasodilating agents on the contrac- 
tion induced by methoxamine. ACh does not relax the con- 
tracted muscle. Histamine (H), isoproterenol (ISO. and 
nitroglycerine (NG) relax the contracted muscle. R:nsing 
with 30 ml of Ringer’s solution (R) is indicated. 


is inhibited in a dose-related manner. Atropine 
blocks this effect of ACh (Fig. 3). The effect of ACh 
is rapid in onset and reversed by rinsing. The re- 
sponse to electrical stimulation is not affected by 
hexamethonium. The latter drug is a ganglionic 
blocking agent which competes with ACh for recep- 
tor sites on postsynaptic membranes. These results, 

coupled with the response to guanethidine, imply 
that ACh is either inhibiting the release of NE from 
the sympathetic terminal on nasal vessels or serving 
as a physiological antagonist of NE by acting direct- 
ly on the smooth muscle and causing it to relax, ie, a 
postsynaptic effect. 


An attempt was made to show an effect of ACh 
on the postsynaptic smooth muscle receptor. When 
ACh was introduced into the muscle bath in the ab- 
sence of electrical stimulation, no relaxation oc- 
curred even though the muscle was under a tension 
of 0.5 g. The nasal smooth muscle was then con- 
tracted with 10 „g of methoxamine. This procuces a 
sustained contraction (Fig. 4, top). The companion 
piece of nasal septal mucosa was treated with meth- 
oxamine and then treated with four doses of ACh. 
There was no sign of relaxation of the contraction, 
even at high doses of ACh. Similarly, the methoxa- 
mine-contracted mucosa was treated with lower 
doses of three other common vasodilating agents: 
nitroglycerine, histamine, and isoproterenol. The 
smooth muscle relaxed in a dose-dependent man- 
ner. If postsynaptic receptors for ACh were present 
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Fig. 5. Two schemes of autonomic innervation of nasal 
blood vessel (BV) smooth muscle. A) Ay eg sym- 
pathetic (S) and parasympathetic (P) fibers terminate 
separately on the muscle. The tone of the muscle is the 
result of the combined effects of the two neurotransmitters 
norepinephrine (NE) and acetylcholine (ACh). B) Tone of 
the muscle is mainly determined by the continuous release 


of NE. The action of ACh is to inhibit this release by vary- 
ing degrees. 


on the muscle, a similar dose-dependent relaxation 
due to ACh would be expected. 


DISCUSSION 


Two points emerge from these results. ACh, the 
neurotransmitter of the parasympathetic nervous 
system, inhibits the muscle contraction resulting 
from the sympathetic sequence of neuronal activity, 
release of NE and attachment of NE to the muscle 
receptor. Second, ACh appears not to relax the 
muscle itself even though other vasodilating agents 
do have this effect under the same test conditions. 


In recent years, pharmacologists have demon- 
strated the existence of receptor-coupled mechan- 
isms at nerve terminals through which transmitter 
release may be modified. Thus NE released from 
noradrenergic nerve terminals acts on prejunctional 
alpha receptors, causing an inhibition on further 
transmission. Besides prejunctional alpha receptors, 
some tissues exhibit prejunctional receptors for 
dopamine, ACh, prostaglandins and others. ®° 


Pharmacologists have amended their views on the 
mechanisms of reciprocal innervation. Data for the 
heart, eg, show the presence of presy naptic muscar- 
inic inhibition of adrenergic activity in addition to 
parasympathetic innervation of nodal tissue.** In- 
stead of direct sympathetic and parasympathetic in- 
nervation of the heart (Fig. 5A), ACh may affect 
the release of NE (Fig. 5B). The mechanism of ACh 
regulation, according to Muscholl et al,'® is that ex- 
citation of presynaptic muscarine receptors de- 
creases the availability of calcium necessary for NE 
release. 


The evidence reported in this paper suggests that 
the autonomic innervation of nasal blood vessels is 
indirect (Fig. 5B). Parasympathetic nerve activity 
probably has no direct effect on the smooth muscle 
of nasal blood vessels. The parasympathetic system 
can only modulate (inhibit) sympathetic activity 
going to the muscle cell. This implies that if there is 
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no sympathetic activity, there will be no evidence of 
change with parasympathetic stimulation. 


The author is aware that another interpretation 
of these data is possible. It may be that nasal blood 
vessels have postjunctional muscarinic receptors in 
addition to those postulated to be prejunctional. If 
so, the experimental design or the sensitivity of the 
system precluded their discovery. 


Several workers have shown that the sympathetic 
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neurons always seem to be active on nasal blood 
vessels.'?'? As a consequence, cutting the sym- 
pathetic supply to the nose results in nasal conges- 
tion,' as does inhibition of sympathetic activity by 
reserpine-like drugs. A patent nasal airway due to 
continuous sympathetic activity is the preferred 
basal condition. It seems more efficient to modulate 
or interrupt this activity when necessary rather 
than <eep both autonomic systems active and de- 
pend “pon the combined effect for the basal condi- 
tion. 
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TYPHOID FEVER AND COCHLEOVESTIBULAR LESIONS 


J. RAMON ESCAJADILLO, MD 


GUILLERMO ALATORRE, MD 


ARTURO ZARATE, MD 


Mexico City, MEXICO 


Six cases of pathologically confirmed cochleovestibular lesions due to typhoid fever are presented. The lesions occurred between the 
second and third weeks of the disease (5 of 6 cases), in the left ear more commonly than in the right (4 of 6 cases), and in females more often 
than in males (5 of 6 cases). Some of the lesions were reversible. Factors believed to be significant for development of these lesions include 


host susceptibility, endotoxins, arteritis, and ischemia. 


INTRODUCTION 


Since Bretonneau described intestinal lesions 
caused by typhoid fever in 1820,' a considerable 
literature has developed concerning the physiopa- 
thology, diagnosis, and treatment of these kinds of 
lesions. Studies of typhoid-related lesions in the in- 
ner ear, however, are much less common. Only a 
few isolated reports suggest that cochlear lesions 
can be produced by endotoxins of the typhoid bacil- 
lus.>> Hirasugi*® further suggests that such lesions 
can be reversible. This article presents six adcitional 
cases of cochleovestibular lesions due to typhoid 
fever. 


METHODS 


The Hospital for Infectious Diseases of the La Raza Medical 
Center, Mexican Institute of Social Security, sent us 40 patients 
with the diagnosis of typhoid fever confirmed by isolatian of Sal- 
monella typhi in the bone marrow, blood, and feces. Extensive 
histories were obtained for each patient with emphasis on otologic 
problems, noise exposure, and ingestion of ototoxic drugs. Hear- 
ing levels, tinnitus, and dizziness were evaluated at the onset of 
typhoid fever, and monitored during treatment (Tables | and 2). 
Otoscopy, tonal studies (Amplaid 300 audiometer), speech dis- 
crimination tests (Ampex recorder), and noninstrumental vestib- 
ular tests were completed for all patients. For patients with 
cochleovestibular symptoms, Bekesy audiometry (Amrflaid Be- 
kesy) and electronystagmograms (Tracoustics Electronrstagmo- 
graph) also were obtained. 


Twenty-three (57.5%) of the 40 patients studied were female 
and 17 (42.5%) were male. The age range was 17-45 years 
(average 26.7 years). Fifteen (37.5%) of these patients had 
cochlear and/or vestibular lesions; of these, nine had histories of 
otologic problems prior to the onset of typhoid fever and thus 
were not included. Of the remaining six presented below, the 
average age was 34.1 years; five were female. 


CASE REPORTS 


Case 1. A 45-year-old female presented with headacie, diar- 
rhea, and gastric pain of one-week’s duration, but withaut fever. 
S typhi was isolated; Widal reactions were positive (1:540) and 
the leukocyte count was 2,900. Ampicillin was given, 500 mg 
every four hours for 15 days. 


During the second week of the disease, dizziness, hearing loss, 
and bilateral tinnitus developed. Otoscopic examination was nor- 
mal. 


TABLE 1. OTOLOGIC HISTORY OF PATIENTS WITH 
COCHLEOVESTIBULAR LESIONS (n= 15) 


History No. of Patients 
Family deafness l 
Chronic otitis media 
Chronic noise exposure 


Hearing loss prior to onset of typhoid fever 


OQ Q A =e 


No otologic history 


Audiologic studies revealed bilateral superficial-to-moderate 
sensorineural hearing loss, with a descent of acute tones (greater 
on the left side), pain with the speech discrimination test at 100 
dB (Fig. 1A), and a bilateral type 2 Bekesy audiogram. Electrony- 
stagmography (ENG) showed nystagmic movements to the right 
and intermittently to the left; the pendular tracing showed ny- 
stagmoid movements; optokinetic nystagmus (OKN) was normal. 
Caloric stimulation revealed bilateral vestibular depression, 
predominantly on the left side. 


When the patient was seen three months later (Fig. 1B), the 
hearing loss had advanced to a bilateral moderate sensorineural 
loss with left-side predominance. The speech discrimination test 
showed that the pain level persisted at 100 dB. Although the diz- 
ziness had resolved, ENG revealed that the bilateral vestibular 
depression continued. 


Case 2. A 45-year-old female patient presented with diarrhea 
and gastric pain, headache, and fever of one month’s duration. S 
typhi was isolated; Widal reactions were positive (1:320) and the 
leukocyte count was 4,500. Ampicillin was given, 500 mg every 
four hours for 15 days. 


During the third week of the disease the patient experienced a 
feeling of fullness in both ears, tinnitus, and instability. Otoscopic 
examination was normal. The audiologic study showed sensori- 
neural hearing loss, superficial-to-moderate on the left side, and 
superficial for acute frequencies on the right side. Speech 
discrimination regressed in the left ear (Fig. 2A). The Bekesy 
audiogram could not be evaluated due to a misunderstanding of 
the test. ENG showed no spontaneous nystagmus, and the pen- 


TABLE 2. OTOLOGIC SYMPTOMS OF 
TYPHOID PATIENTS (n= 6) 


Symptoms No. of Patients 


Tinnitus 3 
Dizziness 5 
Hearing loss 3 
Fullness in ear l 


From the Department of Otolaryngology, La Raza Medicel Center, Mexican Institute of Social Security, Mexico City. 
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Fig. 1. (Case 1) Audiograms of a 45-year-old female. A) March 5, 1979; B) June 
9, 1979. o - Right ear; x - Left ear; A - Pain level. 
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Fig. 2. (Case 2) Audiograms of a 45-year-old “emale. A) June 2, 1979; B) 
September 9, 1979. 


222 ESCAJADILLO ET AL 


A 125 250 500 IK 2K 4K aK B 


Hearing level (dB) 
Hearing level (dB) 





Frequency (Hz) 


Percent correct discrimination 
Percent correct discrimination 





Sensation level (dB) 


123 250 500 IK 2K 4K 6K 





Frequency (Hz) 


20 40 60 80 i100 120 


Sensation level (dB) 


Fig. 3. (Case 3) Audiograms of a 19-year-old male. A) August 1, 1979; B) Oc- 


tober 17, 1979. 
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Fig. 4. A) (Case 4) Audiograms of a 24-year-old female, August 17, 1979. B) 
(Case 5) Audiograms of a 20-year-old female, January 4, 1980. 
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Fig. 5. (Case 6) Audiograms of a 48-year-old female. A) January 5, 1980; B) July 


3, 1980 


dular tracing was normal. OKN was depressed witk a rotating 
drum to the left. Caloric stimulation revealed left vestibular 
paresis. 


When the patient was seen three months later (Fig. 2B), she 
showed a 15 dB improvement in hearing at medium frequencies 
in the left ear; hearing in the right ear remained unchanged. The 
patient’s instability had resolved; the speech discrimination results 
and ENG were essentially unchanged. 


Case 3. A 19-year-old male presented with epistaxis, headache, 
diarrhea, gastric pain, and fever of two weeks’ duration. S typhi 
was isolated; the leukocyte count was 4,900. Chloramphenicol 
and ampicillin were given, 500 mg every six hours for 15 days. 


During the third week of the disease, hearing loss, bilateral tin- 
nitus, and instability which increased with abrupt head move- 
ments developed. Otoscopic examimation was normal. Audiologic 
studies revealed sensorineural hearing loss, superficial in the left 
ear, moderate in the right ear, bilateral regressior in speech 
discrimination (Fig. 3A), and type 2 Bekesy audiogrems in both 
ears. ENG showed first degree nystagmus to the left; spontaneous 
nystagmus remained unchanged with positional testing; pendular 
tracing showed additional nystagmoid movements; OKN eased to 
the left. 


Caloric stimulation revealed bilateral paresis with right pre- 
dominance. 


When the patient was seen three months later (Fig. 3B), he had 
gained 10 dB at 2, 4 and 8 Hz, and 5 dB at 250 and 500 Hz in the 
right ear. The left ear was unchanged. Speech discrimmation tests 
involved no recruitment. The vestibular test revealed en improve- 
ment in the caloric response in the left ear. 


Case 4. A 24-year-old female patient presented with frontal 
headache, diarrhea, gastric pain, and fever of seven days’ dura- 
tion. S typhi was isolated; leukocyte count was 5,000. Ampicillin 
was given, 500 mg every four hours for 15 days. 


During the second week of the disease, dizziness and other 
symptoms relative to the autonomic nervous system cccurred. 


Otoscopic examination was normal. Audiologic tests revealed 
norma! hearing and a bilateral type 1 Bekesy audiogram (Fig. 
4A). 


ENG showed second degree spontaneous nystagmus to the 
right; the pendular tracing showed additional nystagmus. OKN 
was well organized, and eased to the right. Caloric stimulation 
revealed left vestibular paresis. 


Case 5. A 20-year-old female presented with continuous gastric 
pain and fever of five days’ duration. S typhi was isolated; Widal 
reaction was positive (1:320); leukocyte count was 4,900. 
Chloramphenicol was given, 500 mg every four hours for 15 days. 


During the eighth day of the disease dizziness and instability 
developed, without hearing alterations. Otoscopic examination 
was normal. 


Audiologic studies revealed left superficial sensorineural hear- 
ing loss, and a left type 2 Bekesy audiogram; speech discrimina- 
tion tests (PI-PB) showed regression on the left side (Fig. 4B). 


Case 6. A 48-year-old female presented with fever, diaphoresis, 
headache, and arthralgia of seven days’ duration. S typhi was 
isolated; leukocyte count was 3,000. The patient was treated with 
trimetroprim and sulfametoxasol for 15 days. 


During the second week, bilateral hearing loss and dizziness 
related to fever developed. Otoscopic examination was normal. 
Audiologic tests revealed superficial bilateral sensorineural hear- 
ing loss from 1,000 dB in the right ear, and superficial-to-moder- 
ate in the left ear, and type 2 Bekesy audiogram. Speech discrim- 
ination tests showed bilateral phonemic regression (Fig. 5A). 
ENG was normal. Further tests six months later (Fig. 5B) re- 
vealed improved hearing in the left ear (30 dB) as well as the dis- 
appearance of phonemic regression and recruiting in the Bekesy 
tests. 


RESULTS 


The six patients studied had normal otoscopic 
profiles and the following clinical symptoms (Table 
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2): hearing loss (3), feeling of fullness in the ear (1), 
tinnitus (3), and dizziness (5). In 3 cases symptoms 
occurred during the second week of the disease: in 2 
cases, during the third week; and in 1 case, during 
the first week. This means that cochleovestibular 
symptoms developed between the second ard third 
weeks of the disease in 5 of the 6 patients. This cor- 
responds with the onset of other complications of 
typhoid fever, which are well documented in the 
literature.*-’ 


DISCUSSION 


Typhoid fever, caused by the Gram-negative 
bacterium Salmonella typhi, is widely distributed 
over the world.* Susceptibility, however, is related 
to environment as well as to individual resistance. +° 
S typhi is not related to race or sex.® ° 


The bacillus is transported through the intestinal 
epithelium by means of local macrophages, prob- 
ably to lymphatic sites;* it travels through the 
thoracic duct into the bloodstream, and is carried 
primarily to the liver, spleen, Peyer’s patches, and 
bone marrow. Some S typhi bacteria are phagocy- 
tosed by reticulum-endothelial cells,'! and scme are 
able to reproduce and return to the bloodstream. 
The most important clinical symptoms of the dis- 
ease appear during the second septicemic phase. '°'? 


The following factors contribute to the sympto- 
matology: endotoxins, pyrogen, a significant vessel 
response to catecholamines with pressor and vaso- 
motor changes in the microcirculation, and in- 
creased serotonins. These factors explain the arter- 
itis which accompanies typhoid fever.'°'* 


Endotoxins cause degeneration of the organ of 
Corti.*''* Majlesi et al'® cultured S typhi in a mast- 
oid abscess which appeared after a case of typhoid 


fever, and their findings indicate that this bacillus, 
by itself, is capable of producing cochleovestibular 
lesions. 


Since 5 of the 6 patients in this study were female, 
it is possible that women may be predisposed to 
cochleovestibular lesions. Vestibular symptoms 
prevailed over cochlear lesions, and the left ear was 
more affected (71.1%) than the right. The risk of 
cochleovestibular lesions increases when leukocyte 
counts are below 5,000, a characteristic of four of 
our cases. 


Follow-up tests were made on 4 of the 6 patients: 
in 1 the hearing loss became slightly worse, 2 im- 
proved, and 1 revealed no cochlear alterations. Diz- 
ziness disappeared in 3 of the 4 patients, but vesti- 
bular paresis remained. 


CONCLUSIONS 


l. Studies which describe focal lesions with 
necrosis and an increased response to pressor sub- 
stances which cause arteritis*°'? suggest that 
ischemia plays an important role in the develop- 
ment of cochleovestibular lesions produced by ty- 
phoid fever. The cochlear branch of the internal 
auditory artery, as well as the rear vestibular 
artery, can suffer damage. 


2. Cultures of S typhi have been reported to pro- 
duce cochleovestibular lesions. 


3. There appears to be an inverse relationship 
between the extent of the lesion and leukocyte 
count. 


Since our data lack statistical significance, their 
value at this time is chiefly descriptive. Further in- 
vestigations are needed to explain deafness due to 
typhoid fever. 
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BINOCULAR COUNTERROLLING DURING SUSTAINED BODY TILT 
IN NORMAL HUMANS AND IN A PATIENT WITH UNILATERAL 
VESTIBULAR NERVE SECTION 


SHIRLEY G. DIAMOND, BA 


CHARLES H. MARKHAM, MD 


NOBUHIKO FURUYA, MD 


Los ANGELES, CALIFORNIA 


Two normal persons and a patient with unilateral vestibular nerve section were held motionless for ten minutes in the upright posi- 
tion, at 60° tilt right ear down, and at 60° tilt left ear down. In addition, one normal subject was held for ten minutes at each of 30, 60, 
and 90° tilt left ear down. Photographs were taken of both eyes every ten seconds. Measurements of ocular counterrolling during these 
trials revealed torsional eye movements in all positions, including the upright. even though the head and body were stationary. Variations 
in torsion in the upright position ranged up to 2.75°. At the tilt positions, variations ranged up to 4°. Disconjugate movements were seen in 
all subjects in all positions. There were no significant differences in measurements of ocular counterrolling during static tilt between the 
normal subjects and the patient with the vestibular merve section, in contrast to measures obtained during slow velocity dynamic testing. 


During the century or so in which ocular counter- 
rolling (OCR) has been studied, several in- 
vestigators have noted considerable variation in 
measurements taken at a given angle of tilt in the 
same subject on different occasions. A review of 
studies noting this phenomenon!’ pointed out the 
difficulty of knowing whether this variability, seen 
under conditions of tilt sustained for varying 
periods of time, was due to the uncertainty of the 
methods of measurement or whether the counter- 
rolling reflex is itself subject to spontaneous fluctua- 
tions. In contrast, other workers have referred to 
the “persistent, static nature of counterrolling with 
sustained head tilt,” and it is this latter assumption 
which prevails in present-day studies. 


Investigations in our laboratory of OCR during 
dynamic tilt‘ included observations made during 
several 30-second stationary intervals interspersed 
in the dynamic portions of the trials. These observa- 
tions were provocative in failing to confirm either 
the static notion or the decay reported in some early 
studies.” The results of these static observations 
were reminiscent of the variability reported in a 
study in which subjects were tilted for eight hours, 
but whose heads were permitted to move between 
the short intervals of photography.’ A systematic se- 
quence of observations during stationary tilt over a 
longer period of time, with the head restrained for 
the entire duration of study, seemed likely to clarify 
the question of how stable the OCR reflex is when 
the subject is held in a tilted position. Our studies of 
dynamic tilt had shown significant differences in 
OCR between normal humans and patients who 
had unilateral eighth nerve sections, and the ques- 
tion of whether static tilt would similarly reveal dif- 
ferences was also of interest. 


METHODS 


Subjects. Three persons who had earlier undergone dynamic 
OCR testing served as subjects. LM, a 31-year-old male, and DS, 
a 23-year-old female, were normal individuals with characteris- 
tically normal dynamic profiles. JR was a 55-year-old male who 
had had a left-sided acoustic neuroma removed under direct vi- 
sion with a binocular operating microscope 12 years earlier, a 
procedure in which his left superior vestibular nerve was sec- 
tioned and the inferior portion preserved. Caloric testing at 30, 
44, and 0°C demonstrated all the features of a nonfunctioning left 
horizontal semicircular canal. His dynamic profile was character- 
istic of other patients with unilateral vestibular nerve sections. 
The dynamic profiles of LM and JR may be seen elsewhere.’ 


Subjects were securely strapped into a large motor-driven 
tilting apparatus. The centers of the pupils were aligned horizon- 
tally, the head positioned and stabilized by a bite bar. The upper 
part of the face, encompassing both eyes, was photographed with 
a single lens reflex camera rigidly attached to the rotating device. 
The tilting apparatus, as well as photographic and measurement 
methods, are described in detail elsewhere.* 


Experiment 1 (0° for 10 minutes). Subjects were carefully 
aligned in the upright position, with lap and shoulder belts and 
bite bar maintaining the head motionless. Photographs were 
takem every 10 seconds for 10 minutes. 


Experiment 2 (60° left ear down for 10 minutes, 60° right ear 
down for 10 minutes). DS and JR were tilted at a constant veloci- 
ty of 3°/s to 60° left ear down with photographs taken at each 10° 
of tilt. Subjects were held at 60° for 10 minutes, with photographs 
at each 10 seconds. At the end of 10 minutes they were brought 
back te the upright position at the same velocity. After some 
minutes rest, the procedure was repeated at 60° right ear down. 


Experiment 3 (30°, 60°, and 90° left ear down for 10 minutes 
each). LM was tilted to 30°, 60°, and 90° left ear down on 
separate trials and photographed at each 10° of tilt. He was 
brought to each tilt position at a velocity of 3°/s, and was held 
there for 10 minutes while photographs were taken every 10 sec- 
onds, and then returned to the upright position. 


In all experiments, subjects’ eyes were continuously monitored 
by the investigator through the camera viewfinder. 
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O° for 10 minutes 
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DEGREES OF TORSION 





Fig. 1. Two normal subjects, LM and DS, and a patient 
with left vestibular nerve section, JR, were held motionless 
for 10 minutes in the upright position. Photographs of both 
eyes were taken each 10 seconds. Torsional > variations in 
the normal subjects ranged up to 1.5°; in the patient they 
ag pi up to 2.75°. Note some disconjugate eye movement 
in all subjects. 


RESULTS 


Experiment 1. Torsional eye movements were 
seen in all three subjects while they were held mo- 
tionless in the upright position (Fig. 1). Variations 
during the 10 minutes in which 61 OCR measure- 
ments were taken ranged up to 1.5° in LM and DS, 
and to 2.75° in JR. 
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Disconjugate movement was defined as the two 
eyes moving in different directions (regardless of 
amount of difference), eg, right eye moving clock- 
wise 0.5° while the left eye was unchanged would 
be classified disconjugate; right eye moving 
clockwise 0.5° while left eye moved clockwise 1° 
would not. Disconjugate movements were seen in 
all three subjects. LM had 23% of observations 
disconjugate, DS, 43%, and JR, 45%. Differences 
between subjects were not significant (t tests). 


Experiment 2. When held for 10 minutes at 60° 
left ear down and 60° right ear down, both DS and 
JR showed considerable variability in amplitude of 
OCR (Fig. 2). In the left ear down mode, OCR 
measured in DS ranged from 1.5 to 5.5° in the right 
eye and 1 to 5° in the left eye, with differences of 
4°. Amplitude appeared to decay over time; 40% of 
the observations were disconjugate. In the right ear 
down mode, amplitude ranged from 3 to 5.75° in 
the right eye, a difference of 2.75°. In the left eye it 
ranged from 2.5 to 5.5°, a difference of 3°. 
Amplitude appeared to increase over time; 43% of 
eye movements were disconjugate. 


JR in the left ear down mode showed amplitude 
of 1 to 3.5° in the right eye, a difference of 2.5°. 
The left eye ranged from 0.5 to 3.5°, a difference of 
3°. No trend to increasing or decreasing amplitude 
over time was evident. Disconjugate movements 
were seen in 45% of observations. In the right ear 
down mode, JR showed amplitude ranging from 1 
to 4.5° in the right eye, a difference of 3.5°. In the 
left eye, amplitude ranged from 1 to 4.75°, a dif- 


60° right ear down 
for 10 minutes 








o° 40° 1 2 3 4 5 6 7 8 9 040° o 40 1 2 3 4 5 6 7 8 9 10 40° 0° 
TILT TIME (Min.) TILT TIME (Min.) TILT 


Fig. 2. Normal subject (DS, upper tracing) and patient with left vestibular nerve section (JR, lower tracing) were tipped 
to 60° left ear down, held for 10 minutes, and brought back to upright. Later the procedure was repeated for 60° right ear 
down. During the static portions, torsional variations in DS fantiod up to 4° left ear down and 3° right ear down. In JR varia- 
tions ranged up to 3° left ear down and 3.75° right ear down. Amount of disconjugate eye movement did not appear to differ 
in the two subjects. Note the smoother tracings of DS compared to JR in the tilt portions. 
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ference of 3.75°. Amplitude tended to increase over 
time; 30% of eye movements were discorjugate. 


In brief, the static studies showed no significant 
difference by t tests between DS, the normal sub- 
ject, and JR, the patient with the unilateral vesti- 
bular nerve section. 


Examining the dynamic portion of each trial, 
DS's eyes were seen to move smoothly from 0 to 60° 
tilt, and back again to the upright. On the other 
hand, JR’s eyes moved irregularly, and in returning 
to the upright position from left ear down tilt, 
failed to respond to the movement of the chair, 
maintaining their torted position during and after 
the return to the upright position. These brief ob- 
servations were consistent with our earlier findings 
that OCR under dynamic conditions differed in 
normals and in persons with vestibular lesions.’ 


Experiment 3. Results of this experiment were 
similar to those reported above. All three tilts, 30, 
60, and 90°, showed instability of OCR in normal 
subject LM when he was held at each of these posi- 
tions for 10 minutes. At 30° left ear down, ampli- 
tude ranged from 3.5 to 6.5° in the right eye, a dif- 
ference of 3°. The left eye ranged from 4 to 7.5°, a 
difference of 3.5°; 23% of eye movements were 
disconjugate. 


At 60° left ear down, amplitude in the right eye 
ranged from 6 to 8.5°, a difference of 2.5°. In the 
left eye, it ranged from 6.5 to 9.25°, a difference of 
2.75°; 35% of eye movements were disconjugate. 


At 90° left ear down, amplitude in the right eye 
ranged from 6 to 8.75°, a difference of 2.75°. In the 
left eye, it ranged from 7 to 9.25°, a difference of 
2.25°; 47% of eye movements were disconjugate. 
No trend to increasing or decreasing amplitude over 
time was observed in any of the three static posi- 
tions. Eye movements during dynamic portions 
were smooth and conjugate. 


No nystagmus, torsional or otherwise, was ob- 
served in any of the studies by the investigator con- 
tinuously monitoring the subjects’ eyes through the 
camera viewfinder. 


DISCUSSION 


It is significant but not surprising that no dif- 
ferences were evident in this study between OCR in 
normal subjects and in the patient with the unilat- 
eral vestibular nerve section. This lack of cifference 
is consistent with the findings reported in an earlier 
study of normal persons and labyrinthine-defective 
subjects’ in which OCR during static tilt was ex- 
amined. The conflicting results of the numerous 
studies which attempted to find differences in OCR 
between normal persons and patients with vesti- 
bular lesions, reviewed elsewhere,’ are more easily 
understood when it is seen that they too were almost 
invariably static in design, and examined amplitude 
of OCR as the main or sole parameter. The OCR 


VARIABILITY SCORES 


Dynamic 60° Static 60° 
Mean SD Mean SD 


JR, patient with VNS  3.00° (1.376)  3.19° (0.554) 
DS, nermal subject 0.78° (0.432)  3.44° (0.657) 


VNS - vestibular nerve section. 


observed under conditions of dynamic tilt, ie, dur- 
ing constant velocity, appears to differentiate be- 
tween normal persons and those with vestibular 
problems, and the whole pattern of response rather 
than only amplitude is a richer vein to explore.*" 


To illustrate the difference between the two par- 
adigms, we examined the data obtained from DS, 
the normal subjects, and JR, the patient with pre- 
vious unilateral vestibular nerve section, when they 
had earlier undergone dynamic testing. For this 
comparison we confined our examination to the in- 
stanees in which the subjects had passed through 
60° tilt during a protocol in which they were tipped 
at a constant velocity of 3°/s to 90° right ear down, 
back past upright to 90° left ear down, back to up- 
right (trial 1) and the procedure repeated without 
stopping (trial 2). This protocol enabled us to ex- 
tract eight data points at 60° for each eye in each 
subject. A variability score was calculated in the 
following manner: the mean and standard devia- 
tions of the differences in degrees of amplitude be- 
tween trial 1 and trial 2 at each 60° position was 
determined for each eye for each subject. Another 
variability score was derived for the 60° static tilt 
studies of these two persons by determining the 
meam and standard deviations of the maximum dif- 
ferences in degrees of amplitude observed in each 
eye in both directions of tilt. The results of this ex- 
amination are seen in the table. The differences in 
dynamic scores is significant (p< 0.05, t test), while 
the static scores failed to differentiate the normal 
person from the patient with the unilateral vesti- 
bular nerve section. 


What is the difference between dynamic OCR, 
which appears to allow differentiation between 
normal subjects and those with vestibular nerve sec- 
tions, and static testing which does not? One possi- 
bility is that otolith receptors or their central con- 
nections in normal persons are more influenced by 
prior position or direction of travel than is the case 
in the unilaterally labyrinthectomized patient. Tilt 
in a dewnward direction, for example, may stimu- 
late a different population of directionally-sensitive 
hair cells than does tilt back to upright. The normal 
subject, having bilaterally symmetric input to regu- 
late OCR, might reasonably be expected to have a 
less variable response to directional influences than 
would the patient in whom the stabilizing recipro- 
cal input from a reverse utricle is lacking. 


Other factors to be considered in defining the dif- 
ference between the static and dynamic OCR stud- 
ies include the influence of the semicircular canals. 
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The acceleration and deceleration in the dynamic 
studies were calculated at 0.21°/s’. This value 
should be compared to the mean 0.65°/s? threshold 
of tonically firing vestibular neurons to horizontal 
acceleration (lowest threshold 0.23°/s?):'" and to 
the mean 0.10°/s* threshold of the oculogyral illu- 
sion (lowest threshold 0.05°/s?) and mean ().29°/s? 
threshold of perception of rotation (lowest thresh- 
old 0.09°/s?).'' Regardless of the thresholds of angu- 
lar acceleration, the OCR during portions of the dy- 
namic studies which were conducted totally under 
constant velocity did not differ from comparable 
observations during the times in which acceleration 
and deceleration occurred. In the static studies, in 
which subjects were brought to the tilt position at 
3°/s with a terminal deceleration of 0.21°/s*, we 
observed no systematic decay of OCR that might be 
expected if canal transients had been evoked. We 
concluded that the canals made no contribution to 
either study. 


Was visual input providing some optokinetie in- 
fluence under dynamic conditions? In the standard 
dynamic protocol, the central portion of the visual 
field was occupied by the camera which rotated 
with the subject; peripheral vision was unobscured. 
Two normal subjects who had undergone several 
tests in the standard dynamic protocol were also 
tested under a hood of black velvet which elimin- 
ated all peripheral visual stimuli. The OCR profiles 
of both subjects under this condition did not differ 
from their profiles in the standard condition. On 
the basis of this, we ruled out any optokinetie in- 
fluence to explain the difference between the dy- 
namic and static studies. 


Drowsiness is known to diminish eye movements, 
and while the subjects in the dynamic study easily 
remained alert during the less than five minutes 
that study required, the sustained tilt of ten minutes 
was clearly boring to them. Yet we found no sys- 
tematic decrease in amplitude or increase in insta- 
bility over time in the static study. Hence a dif- 
ference in alertness in the two studies is not suffi- 
cient to explain the difference in results. 


A more promising conjecture involves the role of 
phasic and tonic neurons in utricular responses.'?''° 
Both are known to be active during dynamic tilt, 


while in the static position only the tonic units fire. 
If the role of the phasic units is to record the extent 
and direction of changes in position, the bilateral 
input may be more vital than is the case in the tonic 
units, whose role may be the reporting of no 
change, a task requiring less information and 
handled adequately by one utricle. Possibly other 
commissural influences are at work as well. 


The other major finding of this study is that ocu- 
lar counterrolling is not a stable, unvarying re- 
sponse to head tilt, maintained at a steady conju- 
gate level as long as tilt is maintained. On the con- 
trary, it appears to be a continuously varying to- 
and-fro torsional movement occurring not only in a 
tilted position but also when the individual is 
upright. The torsional movements recorded when 
the subjects were held steady were not visible to the 
observer through the camera viewfinder. From this 
we infer that the spontaneous torsion is either 
slower or a lesser magnitude than saccades or 
nystagmus, both of which are clearly visible when 
they occur. 


The question arises, what mechanisms are re- 
sponsible for OCR when the shear force exerted on 
the utricle is constant? Possibly spontaneous 
changes in extraocular muscle tone may account for 
some of the variability, although this is unlikely to 
be the entire explanation since the variability ap- 
pears immediately after tilt is assumed and does not 
increase over time, as might be expected if fatigue 
were a factor. A failure of combined primary nerve 
afferents from the otoliths to supply a stable tonic 
discharge is another possibility. In addition, other 
CNS influences acting presynaptically or on secon- 
dary vestibular neurons may be partially responsi- 
ble. Still other possibilities include respiration or 
blood vessel pulsations causing vibration sufficient 
to dislodge otoconia even though the head was held 
motionless. 


Present efforts in our laboratory center on auto- 
mating the measurement of OCR, using a con- 
tinuous record of videotape in addition to the dis- 
crete 35 mm photographs. The videotape method 
potentially allows many more observations per unit 
of time, making those several issues more easily 
studied. 
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ANNOUNCEMENT 


Hallowell Davis, MD, of Central Institute for the Deaf, St. Louis, Missour:, was honored with the Award of Merit of the Association 
for Research in Otolaryngology at the Association’s Midwinter Meeting in St. Petersburg, Florida, in January 1982. 
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X-RAY STUDY OF THE MONTH 
RHABDOMYOSARCOMA OF THE NASOPHARYNX 


ROLAND EAVEY, MD 
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GERALD HEALY, MD 


BOSTON. MASSACHUSETTS 


PATIENT 


This 7-year-old female developed left facial pain 
three weeks prior to admission. Treatment with an- 
tibiotics for “sinusitis” was unsuccessful. Her voice 
became increasingly hyponasal and she complained 
that “her throat felt small.” She was referred to the 
Children’s Hospital Medical Center in no acute dis- 
tress. A hyponasal voice was evident. The left ear 
demonstrated a hemotympanum; tuning fork tests 
were consistent with a left-sided conductive hearing 
loss. A mass was present posteriorly in the left nasal 
cavity. The soft palate was displaced inferiorly and 
toward the right. No neck masses were present. Hy- 
peresthesia was noted in the distribution of the 
mandibular branch of the trigeminal nerve (V2). 


Diagnosis. The nasopharynx was evaluated under 
general anesthesia: a necrotic mass filled the entire 
left side from the posterior choana to the posterior 
wall. The left eustachian tube orifice was also in- 
volved. A nasopharyngeal biopsy from another hos- 
pital prior to admission to the Children’s Medical 
Center was interpreted as a rhabdomyosarcoma. 


RADIOGRAPHIC FINDINGS 


Figure A reveals a large mass in the nasopharynx 
(asterisk) extending to the oropharynx with dis- 
placement of the soft palate inferiorly and anter- 
iorly (arrows). 


A lateral tomographic section (Fig. B) through 
the midsagittal plane of the nasopharynx reveals 
bone destruction involving the floor of the sphenoid 
sinus (arrow) and adjacent basisphenoid (arrow- 
head). The cortical outline of the sella is partially 
eroded (open arrow). 


An anteroposterior tomographic section (Fig. C) 
reveals complete destruction of the left pterygoid 
bone and plates (asterisk), the left wall of the 
sphenoid sinus together with erosion of the adjacent 
left middle fossa (asterisk). A large soft tissue mass is 
noted in the nasopharynx extending laterally into 
the parapharyngeal soft tissues. 


An axial CT section (Fig. D) demonstrates exten- 
sion of the left nasopharyngeal mass into the adja- 
cent parapharyngeal space with obliteration of the 
fat plane between the medial and lateral pterygoid 
muscles (short arrows) (note destruction of the 
pterygoid bone and posterior-medial wall of the an- 
trum, asterisk); see normal medial and lateral 
pterygoid muscles on the right (long arrows). 


DISCUSSION 


Rhabdomyosarcoma ranks as the most common 
soft tissue neoplasm in the head and neck region in 
children. It can occur at any age throughout life, 
but the incidence drops strikingly after the first 
decade. This tumor demonstrates a notable predis- 
position for whites and shows a slightly higher fre- 
quency in males. The tumor arises from pluripoten- 
tal mesenchymal cells with a capacity for aberrant 
differentiation. Histologically, three types of rhab- 
domyosarcoma exist: 1) embryonal, 2) pleomor- 
phic, and 3) alveolar. The childhood form of tumor 
almost exclusively exists as the embryonal type 
which resembles developing muscle tissue in a 
7-10-week fetus. 


The head and neck region is the most commonly 
involved body site even considering the extremities 
and the pelvis. Within the head and neck region, 
the most frequent site is the orbit. The nasopha- 
rynx, however, was first in frequency in one rhab- 
domyosarcoma series,’ and this site often surfaces in 
children as a common location for tumors of other 
various types. Rhabdomyosarcoma metastasizes by 
direct invasion, hematogenous spread, and through 
lymphatic involvement. The direct invasion route 
poses a special hazard to the meninges if the tumor 
resides in the nasopharynx. Evidence for meningeal 
contamination can be assessed by evaluating cranial 
nerve involvement and signs of increased intracran- 
ial pressure. A lumbar puncture can determine in- 
creased pressure as well as provide cytologic speci- 
mens. 


The hematogenous and lymphatic modes of 
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spread, once devastating, are now relatively con- 
tained by newer treatment methods. Hematogenous 
metastases have a predilection for the ling and 
bone marrow, however. Lymphatic spread with 
therapy has recently been reduced to a low in- 
cidence of 3%. 


Treatment of this tumor consists of radiation 
therapy (5,000 to 6,000 rads) and chemotherapy 
with vincristine, actinomycin D and cyclophospha- 
mide (VAC). Survival rates for rhabdomyosarcoma 
have increased dramatically. In 1962, Dito and Bat- 
sakis’ reported an 8% survival after five vears for 
head and neck rhabdomyosarcomas in the same 
time period. Recently, Healy et al reported a 75% 
NED (no evidence of disease) with a mean follow- 
up of 27 months.‘ 

Radiographic evaluation for diagnosis and de- 
monstration of the extent of the tumor plays an im- 
portant role. Conventional sinus films will often 
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show a mass in the nasopharynx. For detailed eval- 
uation of the size, extent and bone destruction, an- 
teroposterior, lateral, and basal tomographic sec- 
tions are useful. Tomography, however, does not 
satisfactorily demonstrate extension of the tumor in- 
to the parapharyngeal space, orbits, pterygopala- 
tine bossa, and intracranial cavity. The invasion of 
tumor into these structures is best evaluated by axial 
and coronal computerized tomographic sections.° 
Some riabdomyosarcomas show hypervascularity 
by argiography and contrast enhancement on the 
CT scan following infusion with contrast material. 


Computed tomographic findings of rhabdomyo- 
sarcoma, however, are not pathognomonic. Cra- 
niofaeial malignancies such as lymphoma, car- 
cinoma, as well as benign lesions may present as 
mass les ons with bone destruction. Tumor extent is 
evaluated by combining clinical, conventional. 
radiographic and CT examinations. 
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OBITUARY 


FRENCH K. HANSEL 
1893-198] 





Dr. French K. Hansel was born on January 25, 
1893, in Fidelity, Illinois. He received his MD 
degree from St. Louis University and did his 
residency in ear, nose and throat at the Mayo 
Clinic. He financed his education through high 
school, college and medical school by waiting 
tables, working in foundries and doing clerical 
work. He was a star on St. Louis University’s first 
basketball team in 1915. He was affiliated with the 
Department of Otolaryngology at Washington Uni- 
versity School of Medicine, St. Louis, where he 
studied cytology of nasal secretions and developed 
the specialized stain (Hansel’s stain) which per- 
mitted rapid cytologic differential diagnosis of nasal 
secretions. His concern and disappointment with 
the extensive and frequently repetitive nasal surgery 
practiced at that time led him to explore alternative 
medical solutions for some of the acute rhinologic 
problems which were encountered. He believed 
that the routine use of antibiotics was far in excess 
of their need in the treatment of infections. 


Early in his career, Dr. Hansel became disen- 
chanted with the then current treatment of allergy, 
the “maximal dose” therapy, which often produced 
severe constitutional reactions. He developed and 
utilized the low or “optimal dose” therapy based on 
the principle of the introduction of that amount of 
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allergen or antigen which will produce tolerance. 
This principle is used in clinical allergy by members 
of the American Society of Ophthalmologic and 
Otolaryngologic Allergy. Dr. Hansel also advanced 
the use of sublingual therapy, incorporating small 
amounts of offending substances in rapidly dissolv- 
ing tablets in an effort to potentiate the effects of in- 
jections. 


For many years he made accurate pollen counts 
from plates exposed outside his office, which were 
reported daily to the news media. 


Dr. Hansel became a teacher at Washington and 
St. Louis Universities, author, editor, organizer of 
specialty allergy units, clinical investigator, botan- 
ist and pathologist. He published Allergy of the 
Nose and Paranasal Sinuses in 1936. His second text, 
Clinical Allergy, published in 1953, was a revision 
of the earlier book. 


He conducted private courses in his office for 
those interested in allergy. In 1935, with approx- 
imately 40 students, he participated in the forma- 
tion of the American Society of Ophthalmologic 
and Otolaryngologic Allergy. The Hansel Founda- 
tion, organized in 1948, received an estimated 2000 
otolaryngologists for allergy training. It has been 
estimated that Dr. Hansel taught at least 3000 more 
otolaryngologists in instructional courses presented 
over 36 years as a member of the American Acad- 
emy of Ophthalmology and Otolaryngology. He 
was one of the organizers of the American College 
of Allergists and was its second president. He was 
honored as a Fellow Distinguished in 1975 and re- 
ceived the Award of Merit in 1977. He was the 
editor of the Annals of Allergy from 1943 to 1954. 
In 1940, Dr. Hansel received the prestigious Cassel- 
berry Award from the American Laryngological As- 
sociation, and in 1980 he was awarded a Presiden- 
tial Citation as the “Father of Otolaryngologic 
Allergy” by the American Academy of Otolaryngol- 
ogy. 


In collaboration with Jack Anderson, MD, he co- 
authored Allergy and Immunity in Otolaryngology 
in 1959. After his retirement, he continued his 
studies. He will be remembered by his colleagues 
and by his grateful patients for his willingness to 
assist them at all times. 


Edward A. Westaver, DO 


BOOK REVIEWS 


Clinical Otolaryngology 


By Vijay S. Dayal. Hard cover, illustrations, indexed, 325 pp, 
1981. J. B. Lippincott Co, Philadelphia-Toronto. Price $24.50 


This is a brief and concise survey of the field intended for medi- 
cal students and junior residents in otolaryngology which with 
some modification I believe will take its place as a standard text- 
book in otolaryngology. The writing is clear and the print attrac- 
tive. Sprinkled through the volume are numerous lme drawings 
which are so well done and so clear that teachers of otolaryngol- 
ogy would do well to emulate them at the blackboard. In each of 
the seven parts of the book covering the specialty regionally is a 
particularly useful section for students detailing the important 
features of history-taking, physical examination, and investiga- 
tions. The best handled parts of the book are those covering the 
nose and sinuses, larynx, pharynx, and bronchoesophagology. I 
sorely missed a section on plastic and reconstruetive surgery 
which would point out to students this is an integral part of our 
specialty. In the section on the neck there is no mention of deep 
fascial space infections. There are a few errors such es misnaming 
the areal ratio of the ear, the hydraulic ratio, end virtually 
dismissing brainstem evoked response audiometry as “of limited 
clinical use.” A test that is at least 95% accurate in the detection 
of acoustic neuromas cannot be taken lightly. On balance 
however the pluses far outweigh the minuses. The index is 
especially well done. 


BRIAN F. MCCABE, MD 


Iowa City, Iewa 


Psychophysical, Physiological and Behavioural Studies in Hearing 


Edited by G. van den Brink and F. A. Bilsen. Hard cover, 
black and white illustrations, indexed, 480 pages, 1980. 
Delft University Press, Delft, The Netherlands. Price $42.50. 


This book contains the proceedings of the 5th International 
Symposium on Hearing, which took place in April. 1980 in the 
Netherlands. These symposia have been held at varying intervals 
since 1969 and are intended to provide a forum for an interna- 
tional exchange of new research in the anatomy, physiology and 
psychology of hearing. 


There are 67 papers, many of which include the discussion 
which followed from other participants. Some of the comments, 
because of their length, detail, and spirit, could also be considered 
articles. They are not edited transcripts of discussions, but rather 
written and often illustrated expansions or correctiens of points 
made by the presenter. 


The book is divided into seven sections. The first is entitled 
“Cochlear Functioning”; here the importance of Kemp’s finding 
of stimulus-evoked acoustic emissions arising from the cochlea is 
reflected in the amount of research and discussion that it has 
generated. Theorists must now deal with the evidenee indicating 
that active as well as nonlinear biomechanical processes may be 
involved in cochlear frequency analysis. 


Section II comprises papers on “Frequency and Time Resolu- 
tion.” The dominant topic here is the assessment, both psycho- 
physically and physiologically, of the frequency selectivity of both 
healthy and damaged auditory systems. Still unresolved, but 
discussed often in this symposium, is the question of proper 
psychoacoustic techniques for measuring auditory frequency an- 
alysis. 


Section III is devoted to papers concerned with “Lateral Sup- 
pression and Distortion Products,” two phenomena resulting from 
the nonlinearity inherent in normal cochlear functioning that 
have received much research attention recently. 


The papers in Section IV address the dynamic-range problem, 
which, simply put, is how to account for a 100 4B range in 
loudness with neural responses that saturate within a 40 dB range. 
While several insightful approaches are offered, the puzzle has yet 
to be solved. 
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Papers in Sections V and VI deal with “Pitch Perception” and 
“Bineural Hearing.” In neither section is there a dominant theme 
to the research questions that were addressed. Rather, the papers 
represere the range of experimental techniques and theoretical in- 
sights that have been applied in these two areas of auditory 
research. 


Firally, Section VII contains four interesting papers on inter- 
relations among measures of quiet threshold, masking, and speech 
percention. These studies, and others recently, have sought to 
describe the poor speech-reception performance of some hearing- 
impaired persons by loss in frequency resolution, or other factors, 
in addition to the audibility problem imposed by the elevated 
thresholds. These four papers point up well the difficulty, due to 
overwhdming interindividual differences, in finding simple rela- 
tions among psychoacoustic measures of hearing impairment. 


In all. this is a lively and interesting collection of papers. The 
problems with the book are those that can be expected of a record 
of preceedings of this kind. The papers are necessarily brief and 
sometimes, particularly in comments, results and provocative 
concluasiens are put forth with so few details of procedure that the 
statements tend to tease rather than inform. Also, although most 
papers are of very high quality, a few others either carry very lit- 
tle news or present unreasonable conclusions from the data. 


Whereas preceding symposia in this series included a few 
papers that gave an overview of an area of research, there is little 
here ‘or the nonspecialist. Those who are active in research on 
hearing certainly should examine this volume for new work in 
their field. Others, who ordinarily care only to keep sight of the 
forest, will want to wait for a good summary article to come 
along to learn about the goings-on in the trees. 


PATRICK M. ZUREK, PhD 
St. Louis, Mo 


Controversy in Otolaryngology 


Ed:tec by James B. Snow, Jr. Hard cover, black and white il- 
lustrations, indexed, referenced, 561 pages, 1980. WB Saun- 
cers, Philadelphia. Price $40.00. 


This is a unique book. The preface states that this is “. . . a 
forum for the analysis and discussion of several of the most impor- 
tant areas of controversy in clinical otolaryngology.” The book is 
divided into 23 chapters or “problems” each introduced by an 
editor's statement of the problem as he sees it followed by his in- 
structons and questions for the discussants. Each problem has 
two er more essayists and each submitted his paper without 
know ng who was taking the alternative point of view, and with- 
out reading the contrary expression. Twelve of the chapters are 
then concluded by an editorial comment on the views expressed. 
Although the editor states that no attempt has been made to 
descre the field of otolaryngology, the controversies discussed 
incluce etology, allergy, rhinology, laryngology, head and neck 
surgery, facial plastic and reconstructive surgery, maxillofacial 
surgery, bronchoesophagology, and pediatric otolaryngology. 


My-créicisms of the material presented are few and reflect per- 
sonal biases. For example, in the chapter, “Canal Up versus 
Modified Radical or Radical Mastoidectomy for Cholesteatoma,” 
I woud have preferred stronger emphasis of the fact that the ma- 
jority of adults with chronic otitis media have sclerotic mastoids 
and ir these people a well performed modified radical procedure 
results-orly in a large ear canal rather than a troublesome cavity. 


The problem of Menieére’s disease is discussed quite narrowly 
(saccu_otemy versus vestibular nerve section). Its incidence is such 
that a wider discussion would seem appropriate in this forum. 

I thoroughly enjoyed this book. Dr. Snow’s questions to each 
essayist are comprehensive and reflective of the concerns (or what 
shoulc be the concerns) of every practitioner facing these pro- 
blems The list of contributors represents a comprehensive cross 
section o: our field. This is a valuable addition to our library. 


JEROME C. GOLDSTEIN, MD 
Albany, NY 


LETTER TO THE EDITOR 


Dear Editor, 


In his admirable account of the congenital ear deformity first 
described by a gentleman of Bologna in 1791,' Professor Schuk- 
necht correctly points out that this author translated his mame as 
well as his work into medieval Latin and that the name in the title 
is in the genitive form.” The only record we have of this man is the 
name at the head of the article, however, and it is only an 
assumption that he was known to his contemporaries as Carlo 
Mondini; a very reasonable assumption as there are a out 50 
Mondinis in the current Bolognese telephone directory (The 
Italian Embassy, London, personal communication, 1980). It is a 
pity that we do not know more of the life and work of ths clever 
and learned anatomist, who must also have been a practicing 
otologist, as he states in his paper that he had occasion to test the 
deafness of his patient quite often while the boy was still healthy. 
Mondini made other temporal bone dissections and his paper 
makes fascinating reading. He tried to demonstrate the lesion 
causing deafness in albino cats and dogs but as this is an end-organ 
(Scheibe) type with a normal labyrinth he was of course unable to 
do so. 


Mondini’s description of the bony labyrinth of the deat boy is 
detailed and precise, and corresponds well with his accurete mac- 
roscopic diagrams. As almost any deformity of the bony labyrinth 
is nowadays labeled as some type of “Mondini dysplasia,” an ac- 
count of the findings would seem pertinent. The oval and round 
windows and all semicircular canals and their openings nto the 
vestibule are described as normal in size and position. The 
vestibule was larger than normal, and the cochlea is described as 
having 1'4 instead of 2'/, turns of the spiral and ending in a apical 
cavity. Neither the cochlear aqueduct nor the internal euditory 
meatus are mentioned in the text, but the latter is well shown in 
the diagrams and appears normal in size and shape. The acoustic 
nerve is described as having a normal appearance as fa~ as the 
cochlea and vestibule. One of the most interesting features, 
however, seems to have escaped attention. The vestibular 
aqueduct was very large, lacked a medial bony covering, and was 
seven lines wide at the medial end and one line wide and larger 
than the opening for the crus commune at the vestibular end. As a 
line is one-twelfth inch these figures represent approximately 2 
mm and 15 mm respectively. There was little difference between 
the two sides and these large vestibular aqueducts would 
therefore seem very similar to those described by Valvassori and 
Clemis,* and in fact the lateral tomograms published by these 
authors show a remarkable similar bony structure to Mondini’s 
Figures l and 2. It is surprising that Mondini only gets a mention 
at the very end of the paper. 


Mondini’s precise description of the abnormality of the bony 
cochlea is closely paralleled by that of Alexander* whose histolog- 
ical study shows an apparently normal basal turn with a distal 
sac. In this type of dysplasia some hearing is therefore possible, 
and we have in several cases noted the presence of some cochlear 
function with deficiency of the apical part of the modiolus shown 
by tomography. This phenomenon has been observed by cthers.*° 
Moreover we are not convinced that this type of lesion is prone to 
develop a cerebrospinal fluid fistula via a dilated cochlear aque- 
duct, as is so often stated. It would seem logical that where a scala 
communis replaces the helicotrema there would be a direct route 
from cochlear aqueduct to oval window, but we have consistently 
failed to demonstrate a dilated cochlear aqueduct tomograph- 
ically. In our opinion a true Mondini dysplasia is not prone to 
develop a CSF fistula spontaneously but may do so as a result of 
surgical interference with the stapes. 


There is a more severe dysplasia which, although almost always 
labeled as a Mondini dysplasia, should be differentiatec from it 
on management grounds if nothing else, as this lesion is incompat- 


ible with any cochlear function but carries a very real risk of de- 
veloping a spontaneous CSF fistula.’ There is a generalized dilata- 
tion and dysplasia of the labyrinth which is abnormally wide at 
the junction of the vestibule and cochlea. The cochlea is an amor- 
phous sac lacking a modiolus, and the internal auditory meatus 
narrows at its lateral end. The route of the fistula is from internal 
auditory meatus to the abnormal labyrinth, oval window and 
middle ear, via dehiscences in the lamina cribrosa. This defect has 
been observed directly through the oval window® and posterior 
fossa contrast studies have demonstrated the route.’ We have now 
studied the tomograms of 17 such cases, 6 of whom developed a 
spontaneous fistula. 


Studies of anencephalic ears reveals a great range of develop- 
mental abnormalities of the cochlea’? and it seems very likely that 
a similar range can occur in isolation, making the traditional 
classifications rather pointless. Undoubtedly the commonest con- 
genital anomaly of the bony labyrinth is the short, dilated, lateral 
semicircular canal which can occur in isolation with normal coch- 
lear function. It is for instance not uncommonly found in the 
Treacher Collins syndrome, a condition in which the bony coch- 
lear structure and cochlear function are almost always normal."' 
To call this anomaly “Mondini dysplasia of the vestibular 
system is illogical, confusing and far removed from the original 
account. 
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Yours sincerely, 

P.D. Phelps, FRCS, FRCR 
G.A.S. Lloyd, DM, FRCR 

P.C. Windle-Taylor, MA, FRCS 
P.J. Emery, FRCS 


The Royal National Throat Nose and Ear Hospital 
Gray’s Inn Road, London W.C.1. 8EE 
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INFORMATION FOR AUTHORS 


Send manuscripts by first-class mail to Editor Brian *. McCabe, 
MD, University of Iowa Hospitals, Iowa City, IA 52242, or to Co- 
editor Ben H. Senturia, MD, 4949 Forest Park Blvd , St. Louis, 
MO 63108. Original manuscripts which deal with clirical and sci- 
entific aspects of otolaryngology, bronchoesophagology, head and 
neck, maxillofacial and plastic surgery, audiology, speech pathol- 
ogy and related specialties will be considered for publication. It is 
understood that manuscripts will not have been published else- 
where. 


MANUSCRIPTS. Papers should be limited to a maximum of 15 
double-spaced typewritten pages including tables and references, 
so as not to exceed the permitted maximum of 6 typeset pages. 
This allows for one page of illustrations. If a manuscript of slight- 
ly greater length is approved by the Editorial Board all typeset 
pages in excess of 6 will be charged to the authors at the 
publisher’s cost of $125 per page. An original of the manuscript 
and one set of original illustrations should be provided for repro- 
duction. Two clear copies of the manuscript and illustrations 
should be submitted for review. Manuscripts should 5e typewrit- 
ten on white bond paper (8%, x 11 in). Use double spacing 
throughout with margins of at least one inch. Each manuscript 
component should begin on a new page in the following sequence: 
title page, abstract and key words, text, acknowledgments, refer- 
ences, tables and legends for illustrations. Number pages consecu- 
tively in the upper right hand corner beginning with the title 
page. 

COPYRIGHT. In compliance with the Copyright Revision Act of 
1976, all manuscripts must be accompanied by a letter containing 
the following statement before they will be reviewed for publica- 
tion: “In consideration of the Annals of Otology, Rhinology & 
Laryngology taking action in reviewing and editing my (our) sub- 
mission the author(s) undersigned hereby transfers(s). assign(s) or 
otherwise convey(s) all copyright ownership to the Annals Pub- 
lishing Company in the event such work is published in the An- 
nals of Otology, Rhinology & Laryngology.” We regret that man- 
uscripts not accompanied by such a letter will be returned. 


TITLES of manuscripts should be concise and informative and 
worded to facilitate indexing. 


RUNNING HEAD. An abbreviated form of the title, to be used at 
the top of each page, should be provided by the author. 


GENERIC NAMES should be used in the text whenever possible. 


REFERENCES should be numbered consecutively in the order in 
which they are first mentioned, and cited in the text in arabic 
numerals in superscript. The number of references should not ex- 
ceed 30. Use the style of references given in Uniform Require- 
ments for Manuscripts Submitted to Biomedical Journals. Include 
in the reference list manuscripts accepted but not yet published; 
designate the journal followed by “in press” in parentheses. Man- 
uscripts submitted but not yet accepted should be referred to as 
“unpublished data” in parentheses in the text. Primary references 
only should be used and must be verified by the author(s) against 
the original documents. Examples of correct forms ef references 
are given below. 


Journal Article 
(List all authors when six or fewer; when seven or 
more, list only first three and add “et al.”) 
Ketchum LD, Smith I. Robinson DW, et al. The 
treatment of hypertrophic scar, keloid and scar 
contracture by triamcinolone acetonide. Plast Re- 
constr Surg 1966; 38:209-18. 


Books and Other Monographs 
Personal Author(s) 
Payne SW, Olson MA. The esophagus. Philadel- 
phia: Lea and Febiger, 1974: 1-3. 


Corporate Author 
American Medical Association Department of 
Drugs. AMA drug evaluations. 3rd ed. Littleton: 
Publishing Sciences Group, 1977. 


Chapter in Book 
Belsey R. Diaphragmatic hernia. In: Jones FA, ed. 
Modern trends in gastroenterology. London: But- 
terworths: 1952:128-78. 


ILLUSTRATIONS should be original drawings, glossy 
photographs or halftones. Line drawings should be in black on 
white paper. Letters, numbers and symbols should be clear and 
even -hroughout, and of sufficient size that when reduced for 
publieatzon, each item is still legible. Titles and detailed explana- 
tions of ilustrations must be listed on a separate sheet, not on the 
illustrations themselves. Each figure should have a label pasted on 
the reverse indicating the number of the figure, the names of the 
authors, title of the paper; the top of the figure should be in- 
dicated. Cite each figure in the text in consecutive order. If a 
figure has been published, acknowledge the original source and 
subm t written permission from the copyright holder to reproduce 
the material. Actual publication cost of illustrations will be 
charged to the author. Color illustrations are acceptable for 
publication; cost estimates for color separations and printing will 
be provided upon request. 


TABLES should be on separate sheets, numbered consecutively, 
each headed by a concise title. Place explanatory matter in foot- 
notes Cost of setting tables will be charged to the author. 


MEASUREMENTS should be expressed in the metric system. 
Audiegrams must be plotted according to ISO standards. 


ABSTRACTS should contain not more than 150 words and should 
state the purposes of the study, primary procedures, main find- 
ings and the principal conclusions, emphasizing new and impor- 
tant aspects of the investigation. 


PERMISSIONS. Materials taken from other sources must be ac- 
companied by a written statement from both senior author and 
publishe- giving permission to the Annals for republication. If 
permission for publication is required by the author's institution, 
such dearance should be provided. Written permission of subjects 
is required for identifiable photographs of individuals. 


SUPPLEMENTS. A manuscript too long for inclusion in the An- 
nals maw be published as a supplement if approved by the Board 
of Ed tozs. All costs must be borne by the author; estimates of cost 
will be provided upon request. Early publication of supplements 
is often possible since supplements are produced independently of 
the regu ar Annals issues. 


PROOFS accompanied by prints of the illustrations will be sent to 
the first author and should be returned within 48 hours. Changes 
in galley proofs initiated by the author will be charged to the 


author. 


AUTHOR RESPONSIBILITY. All accepted manuscripts are sub- 
ject tc cepy editing. The author is responsible for all statements in 
his werk. including changes made by the copy editor which were 
approved by the author on the proofs. 


REPEINTS. Rates are quoted when the proofs are sent. Orders 
must be signed by the author and returned with the proofs. 


These requirements are in accord with Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals (Lancet 1979; 1: 
428-39). 
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Great noses 
‘deserve 


Afrin 


with the longest- 


lasting nasal 
decongestant 











rapid onset of action... 
b.i.d. dosage 
for 24 hour relief 


Afrin delivers up to 24 hour relief of 
nasal/sinus congestion due to colds, 
allergies, and sinusitis; and of 
eustachian tube blockage. Available in 
nasal spray, menthol nasal spray, 

nose drops, and pediatric nose drops. 


Recommend Afrin... 
the first nasal 
decongestant for 

up to 12 hour relief 





OTO 83 


Third Tri-annual Conference 


Otology, Neurotology, and 
Laser Microsurgical Techniques 


June 2-4, 1983 
Hyatt Regency, San Francisco 


Rodney Perkins, MD, Program Director 


Format integrates basic science with practical 
surgical and medical therapy using a compre- 
hensive syllabus, electronic audience response 
system and illustrated surgical and laser tech- 
nique tricks. 


Concurrent Audiology Meeting 


24 Hours Category I Credit 


For further information contact: Project 
HEAR, 1801 Page Mill Road, Palo Alto, CA 
94304 (415) 494-2000. 


OTOLARYNGOLOGY - 
HEAD AND NECK 
SURGERY FELLOWSHIP 


Position to commence July 1, 1982. Includes 
all aspects of otolaryngology — head and neck 
surgery in full service New York metropolitan 
hospital. Fellow to participate in all depart- 
mental activities including research and resi- 
dent teaching. Responsibility commensurate 
with level of training and experience. 


Stipend to $28,000 for G-6 level. 


Contact: Stanley M. Blaugrund, MD, Direc- 
tor, Dept. of Otolaryngology, Lenox Hill 
Hospital, 100 East 77th St., New York, NY 
10021. 


OTOLARYNGOLOGY 
ASSISTANT PROFESSOR 


Involves research, teaching, and patient care. 
Requires MD was ie board eligibility or cer- 
tification, teaching and/or research ex- 
perience, and research interests compatible 
with Department. MS desirable. 


Contact: B. F. McCabe, MD, Dept. of 
Otolaryngology and Maxillofacial Surgery, 
University of lowa, Iowa City, IA 52242. 


The University of Iowa is an Equal 
Opportunity/Affirmative Action 
Employer. 


Missouri Postgraduate Allergy 
Course 


in cooperation with 


THE AMERICAN ACADEMY OF 
OTOLARYNGIC ALLERGY 


announces 


SYMPOSIUM 
May 20-23, 1982 


The Clinical Diagnosis and 
Management of 
Immediate and Delayed Types 


FOOD ALLERGY 


Hyatt Regency, Kansas City 
at Crown Center 
2345 McGee St., Kansas City, Missouri 
(816) 241-1234 


Make direct hotel reservations immediately 


For further information and registration: 
James W. Willoughby, MD, Course Director, 
Suite 1505, Traders Bank Bldg., Kansas City, 
MO 64106. (816) 842-6262. 


AMA CME Category I Credit — 18 Hours 





The Voice Foundation 


320 Park Avenue 
New York, New York 10022 
(212) 688-1897 


MIDWEST Tear BANK 


A NON-PROFIT LABORATORY 





ELEVENTH SYMPOSIUM: 
CARE OF THE PROFESSIONAL VOICE 





After seven years of homograft tympaneplasty 
research, the Midwest Ear Bank has been es- 
tablished. It is a nonprofit laboratory founded 
to provide the highest quality middle ear ossic- 
les and tympanic membranes for otologic sur- 
gery. 

Ossicles are sterilized and preserved in alco- 
hol. Tympanic membranes are microscopical- 
ly denuded and the collagen fixed and then 
stored in buffered formaldehyde solution. The 
Midwest Ear Bank guarantees the sterility, 
biologic integrity and chemical stability of 
each implant in its sealed container. Each im- 
plant maintains its essential characteristics for 
two years. 







to be held at 
THE JUILLIARD SCHOOL 
L:ncoln Center 


New York City 







the week of June 7-12, 1982 






in association with 
Teachers College at Columbia University 
New York Medical College 
Vocal Dynamics Laboratory of Lenox Hill Hospital 
and he Collegium Medicorum Theatri (CoMet) 









Middle ear specimens can generally be shipped 
within 24 hours of purchase order. 





Wilbur James Gould, M.D., Chairman 





For further information please contact: Mid- 
west Ear Bank, S. George Lesinski, MD, 
FACS, Director, 629 Oak Street, Suite 301, 
Cincinnati, OH 45206 (513) 961-7171. A123 





For further information, call or 
write The Voice Foundation 






THIRD INTERNATIONAL CONFERENCE IN PAEDIATRIC OTOLARYNGOLOGY 
September 16-18, 82 
University Campus, Bath, England 


Distinguished international contributors will be invited to participate in 3 morning plenary sessions on the following 
subjects: 


The Deaf Child — Moderator, Professor Renato Fior (Italy) 
Paediatric Endoscopy — Moderator, Dr. Eruce Benjamin (Australia) 
Oncology of the Ears, Nose and Throat in Children — Moderator, Dr. John Martin (UK) 


Panel discussions: Topics include Immunology, Glue Ears, Language Development, The Dizzy Child, The Cleft 
Palate Child. 


Daily instructional sessions in small groups on all aspects of paediatric otolaryngology with international contributors 
will be arranged and sessions for free papers will be included (offers of papers for consideration, please). 


Daily audiovisual program (all offers considered). Trade exhibition Full social program. 


Accommodation on the University Campus is available with 600 single rooms and 35 double rooms (please indicate 
possible requirements). Cost approximately £40 per person for 4 nights bed and breakfast. Alternative accommoda- 
tion arrangements can be made through Thomas Cook Ltd, 45 Berky St., London WIA IEB (official travel agents 
for the conference). 


Conference will be conducted in English with printed translations evailable. 


Numbers will be limited to 350 and the organizers would find it helpful to have early notification of those who might 
be interested. 


Registration Fee £200 before May 31, 1982 
(includes all meals and banquet) £220 afier May 31, 1982 
£50 Asseciate Membership 


Program booklet containing full details available from John Evans, =sq., FRCS, 55 Harley St., London WIN IDD 
England. 
A106 





HARVARD MEDICAL SCHOOL 
Department of Continuing Education 


announces course 


CLINICAL OTOLOGY 
June 23-25, 1982 


Massachusetts Eye and Ear Infirmary 
Chairmar: Harold F. Schuknecht, MD 


This is a selected-topics course for otolaryngologists and will include in-depth discussions of diagnosis 
and treatment of fundamentals of otology, tympanomastoidectomy, episodic vertigo, and facial palsy. 
Clinical pathological conferences will be held each day and will consist of the presentation of interesting 
and challenging otologic patients recently seen at the Massachusetts Eye and Ear Infirmary. 


Course has Category I accreditation for 18 hours toward the AMA Physician’s Recognition Award. 


Faculty will include the following individuals: Hugh Barber, MD, Derald Brackmann, MD. Werner 
Chasin, MD, Bernard Colman, MD, Bjorn Etholm, MD, Marvin Fried, MD, Ellen Friedman, MD. 
Richard Gacek, MD, Irwin Ginsberg, MD, Max Goodman, MD, Gerald Healy, MD, Tetsuo Ishii, MD, 
Collin Karmody, MD, James Kelly, MD, Alan Kerr, MD, Nelson Kiang, MD, Trevor McGill, MD, 
Pierre Montandon, MD, William Montgomery, MD, Rhoda Morrison, MA, Joseph Nadol, Jr., MD, 
Yasuya Nomura, MD, Jorge Otte Garcia, MD, Stephen Parker, MD, Carl Patterson, MD, Harold Schu- 
knecht, MD, Robert Scully, MD, Howard Smith, MD, Henriech Spoendlin, MD, Marshall Strome. 
MD, Aaron Thornton, PhD, Alfred Weber, MD, Alfred Weiss. MD and William Wilson, MD. 


Application forms may be acquired from: The Department of Continuing Education, Harvard Medical School. 
25 Shattuck Street, Boston, MA 02115. A112 


1982 IOWA HEAD AND NECK CANCER AND 
RECONSTRUCTIVE SURGERY COURSE 


June 7-11, 1982 


William Panje, MD, Course Director 
John Conley, MD, Guest of Honor 


A one-week course is offered to cover the current and contemporary surgical techniques in the 
management of head and neck cancer. Neck dissection, salivary gland, sinus, oral cavity, thy- 
roid disease, as well as contemporary reconstructive surgery will be covered in detail. Cadaver 
dissection under expert supervision will be done. 


Fee: $1,000 (includes lecture series and cadaver dissection) 
$500 (includes lecture series only) 


Residents with letter from Head of department will get a 50% reduction; resident applications 
will be limited. 


Enrollment for cadaver dissection will be strictly limited. 


For further information contact: JoAnn Murdock, Dept. of Otolaryngology, University of lowa Hospi- 
tals, Iowa City, Iowa 55242. (319) 356-2797 or 356-3574. 
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SUPPLEMENTS 


Profound Childhood Deafness: Inner Ear Patholcgy. John R. Lindsay, MD. 124 pages — 
$10.00. 


Workshop on Tonsillectomy and Adenoidectomy. 8) pages — $8.25. 
Principles of Electric Response Audiometry. Hallowell Davis, MD. 90 pages — $8.25. 


Thyroid Disease: A Guide for the Head and Neck Surgeon. Robert M. Bumsted, MD. 16 pages 
— $3.50. 


Manual for Care of the Montgomery Silicone Tracheal T-Tube. William W. Montgomery, 
MD. 12 pages — $3.50. 


Childhood Communication Disorders: Present Status and Future Priorities. 192 pages — 
$12.00. 


Electrocochleography and Auditory Brainstem Electric Responses in Patients with Pontine 
Angle Tumors. J. J. Eggermont, PhD; M. Don, PŁD; D. E. Brackmann, MD. 20 pages — 
$5.00. 


Measurement of Optokinetic Nystagmus for Otoneur> ogical Diagnosis. Sharon M. Abel, PhD; 
Hugh O. Barber, MD, FRCS(C). 12 pages — $3.51. 


Recent Advances in Antimicrobial Therapy for Infections of the Ear, Nose and Throat — Head 
and Neck. 92 pages — $8.25. 


ANNALS PUBLISHING COMPANY 
4949 Forest Park Blwc. 
St. Louis, Missouri 63008 


FEATURED SPEAKERS: 


George W. Allen, M.D., Chicago 
Jerome Alpiner, Ph.D., Denver 

l. Kaufman Arenberg, M.D., Denver 
Thomas J. Balkany, M.D., Denver 
Paul Bretlau, M.D., DENMARK 
Prof. Dr. Kurt Burian, AUSTRIA 


FIRST INTERNATIONAL SYMPOSIUM AND WORKSH JPS 
ON SURGERY OF THE INNER EAR 


At Snowmass-Aspen, Colorado, USA 
August 14-21, 1982 


Prof. Dr. Ugo Fisch, SWITZERLAND 
W.P.R. Gibson, M.D., FRCS, ENGLAND 
Michael Glasscock, III, M.D., Nashville 


MAJOR TOPICS: 


ENDOLYMPHATIC HYDROPS, VERTIGO, 


COCHLEAR IMPLANTS, PERILYMPH FISTULA, 


SUDDEN DEAFNESS AND TINNITUS 


HONORING: 


PROF. DR. GEORGES PORTMANN, 
Bordeaux, FRANCE 


GEORGE E. SHAMBAUGH, JR., M.D., 
Hinsdale, Illinois 
WILLIAM F. HOUSE, M.D., 
4 Los Angeles, California 


PROGRAM CHAIRMEN: 


|. Kaufman Arenberg, M.D., Denver, Colorado 
Thomas J. Balkany, M.D., Denver, Colarado 


For Further Information Write o 


Mary Ann ( 


CULTURAL EVENTS: 
Espen Music Festiva! 
Ballet West 
m Reperatory Theater 
en Literary Foundation 
C Yy isUd Arts 


i Er ‘snte 


RECREATIONAL EVENTS: 


White River Raft Trip 

Ashcroft Ghost Town Trip 

Mountain Jeep Trip 

Hot Air Balloon Ride 

Horseback Riding / Mountain Hiking 
Nature Trails 

Ciider-Flights/Biplanes/ Hang-Glidiaa 


SPECIAL SOCIAL EVE* TS: 


Welcome Wine and Cheese P 
At Gallery Tour with Reception 
Prosper Meniere Society Banquet 
T2nnis Tournament 

Golt Tournament 

Breaktast Horseback Ride 


Cal 


Crist, Executive Director 
Colorado Otologic Research Center CORC 


2525 South Downing Street 
Denver, Colorado 80210, USA 
Phone: (303) 744-7911 


Sponsored by the Colorado Otologic Research Center +» CORC 
at Porter Memorial Hospital/Swedish Medical Center, Denver, Colomdo 


JO-sponsored by the Listen Foundation and A S{ 


Ti 


ea Camp School for the Jea' 
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Victor Goodhill, M.D., Beverly Hills 
Howard P. House, M.D., Los Angeles 
William F. House, M.D., Los Angeles 
Sam Kinney, M.D., Cleveland 

Masaaki Kitahara, M.D., JAPAN 

H.E. Maddox, Ill, M.D., Houstor 

Michael M. Merzenich, Ph.D., San Francisci 
William M. Meyerhoff, M.D., Minneapolis 
Robin P. Michaelson., M.D., San Francisco 
Josef M. Miller, Ph.D., Seattle 

Andrew W. Morrison, FRCS, ENGLAND 
Alec F. O'Connors, FRCS, ENGLAND 
Michael M. Paparella, M.D., Minneapolis 
Rodney Perkins, M.D., Pal 

Harold C. Pillsbury, Ill, M.D., New Haven 
Prof. Dr. D. Plester, WEST GERMANY 
Prof. Dr. M. Portmann, FRANCE 

Prot. Dr. Georges Portmann, FRANCE 
Helge Rask-Andersen, M.D., SWEDEN 
Wallace Rubin, M.D., New Orleans 
Robert Schindler, M.D., San 

George E. Shambaugh, Jr., 

John J. Shea, M.D., Memphis 

Herbert Silverstein, M.D., Sarasota 

F. Blair Simmons, M.D., Palo Alt 

Prof. Dr. Jan Stahle, SWEDEN 

Richard J. Wiet, M.D., Hinsdale 

J. William Wright, Jr., M.D., Indianapolis 
Galdino E. Valvassori, M.D., Ct 











HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 


a | STIMULATOR 
HILGER FACIAL NERVE 






MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
Current measurements with readings 
Statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable battery, 
Mode! 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 


Detailed information is available from — 


WR mepicat 


ELECTRONICS CO. 


1995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 55113 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 
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Nose Hygiene 


Chronic nasal conditions may be 
alleviated through nasal cleanliness 
— often induced by flushing the 
nasal tract with ALKALOL used 
with the ALKALOL NASAL CUP. 
This plastic CUP may be auto- 


claved. 
Cup available on request. 


THE ALKALOL COMPANY 
Taunton, Mass. 02780 


Jefferson Medical College 
of 
Thomas Jefferson University 
Department of Otolaryngology 


The Annual 
LOUIS H. CLERF LECTURESHIP 


Guest Lecturer 
George T. Nager, MD 


June 23, 1982 


For further information contact: 
Department of Otolaryngology 
Jefferson Medical College 
1025 Walnut Street 
Philadelphia, PA 19107 

















provides continuous relief of nasal congestion, 
sneezing runny nose and itching 
associated with hay fever and nasal allergies. 











Beconase Nasal Inhaler 


beclomethasone dipropionate/Glaxo — 
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beclomethasone dipropionate/Glaxo 





a major therapeutic advance in seasonal and perennial rhinitis symptom relief. 





DESCRIPTION Beclomethasone dipropionate. USP the active component of BECONASE Nasal Inhaler is an anti-in- 
flammatory steroid having the chemical name, 9-Chloro-11/3, 17, 21-trinydroxy- 16/3-methylpregna-1, 4-ciene-3. 20-dione 
17,21-dipropionate 


Beclomethasone dipropionate is a white to creamy-white, odorless powder with a molecular weight of £21.25. It is very 
slightly soluble in water; very soluble in chloroform; and freely soluble in acetone and in alcohol 


BECONASE Nasal Inhaler is a metered-dose aerosol unit containing a microcrystalline suspension of »eclomethasone 
dipropionate-trichloromonofluoromethane clathrate in a mixture of propellants (trichloromonofluoromethane and di- 
chlorodifluoromethane) with oleic acid. Each canister contains beclomethasone dipropionate-trichloromorafluoromethane 
clathrate having a molecular proportion of beclomethasone dipropionate to trichloromonofluoromethane »etween 3:1 and 
3:2. Each actuation delivers from the nasal adapter a quantity of clathrate equivalent to 42 mcg of »eclomethasone 
dipropionate, USP The contents of one canister provide at least 200 metered doses 


CLINICAL PHARMACOLOGY Beclomethasone 17.21-dipropionate is a diester of beclomethasone, a synthet > corticosteroid 
which is chemically related to dexamethasone. Beclomethasone differs from dexamethasone only in havng a chlorine at 
the 9-alpha position in place of a fluorine. Animal studies showed that beclomethasone dipropionate has »otent glucocor- 
ticoid and weak mineralocorticoid activity 


The mechanisms for the anti-inflammatory action of beclomethasone dipropionate are unknown. The precise mechanism 
of the aerosolized drug's action in the nose is also unknown. Biopsies of nasal mucosa obtained durinc clinical studies 
Showed no histopathologic changes when beclomethasone dipropionate was administered intranasally 


The effects of beclomethasone dipropionate on hypothalamic-pituitary-adrenal (HPA) function have been evaluated in 
adult volunteers by other routes of administration. Studies are currently being undertaken with beclomethasone dipro- 
pionate by the intranasal route, which may demonstrate that there is more or that there is less absorptior by this route of 
administration. There was no suppression of early morning plasma cortisol concentrations when »eclomethasone 
dipropionate was administered in a dose of 1000 mcg/day for one month as an oral aerosol or fo three days by 
intramuscular injection. However, partial suppression of plasma cortisol concentration was observed when beclometha- 
sone dipropionate was administered in doses of 2000 mcg/day either by oral aerosol or intramuscusarly. Immediate 
Suppression of plasma cortisol concentrations was observed after single doses of 4000 mcg of beclomethasone dipro- 
pionate. Suppression of HPA function (reduction of early morning plasma cortisol levels) has been reported in adult 
patients who received 1600 mcg daily doses of oral beclomethasone dipropionate for one month. In clinical studies using 
beclomethasone dipropionate intranasally, there was no evidence of adrenal insuff iciency. 


Beclomethasone dipropionate is sparingly soluble. When given by nasal inhalation in the form of an aeresolized suspen- 
sion, the drug is deposited primarily in the nasal passages. A portion of the drug is swallowed. Absorption occurs rapidly 
from all respiratory and gastrointestinal tissues. There is no evidence of tissue storage of beclomethasone dipropionate or 
its metabolites. /n vitro studies, have shown that tissue other than the liver (lung slices) can rapidly m=tabolize beclo- 
methasone dipropionate to beclomethasone 17-monopropionate and more slowly to free beclomethasone ‘which has very 
weak anti-inflammatory activity). However, irrespective of the route of entry the principal route of excretion of the drug 
and its metabolites is the feces. In humans, 12% to 15% of an orally administered dose of beclomethasone dipropionate is 
excreted in the urine as both conjugated and free metabolites of the drug. The half-life of beclomethasone dipropionate in 
humans is approximately 15 hours 


Studies have shown that the degree of binding to plasma proteins is 87% 


INDICATIONS AND USAGE BECONASE Nasal Inhaler is indicated for the relief of the symptoms of seasonal or perennial 
rhinitis in those cases poorly responsive to conventional treatment 


Clinical studies have shown that improvement is usually apparent within a few days. However, symptomatic relief may 
not occur in some patients for as long as 2 weeks. Although systemic effects are minimal at recommended doses. 
BECONASE should not be continued beyond 3 weeks in the absence of significant symptomatic improvement. BECONASE 
should not be used in the presence of untreated localized infection involving the nasal mucosa. 


CONTRAINDICATIONS Hypersensitivity to any of the ingredients of this preparation contraindicates its use 


WARNINGS The replacement of a systemic corticosteroid with BECONASE Nasal Inhaler can be accompanied by signs of 
adrenal insufficiency 


When transferred to BECONASE Nasal Inhaler, careful attention must be given to patients previously treated for prolonged 
periods with systemic corticosteroids. This is particularly important in those patients who have assocaated asthma or 
other clinical conditions. where too rapid a decrease in systemic corticosteroids may Cause a Severe exacerbation of their 
symptoms 


Studies have shown that the combined administration of alternate-day prednisone systemic treatment asd orally inhaled 
beclomethasone increase the likelihood of HPA suppression compared to a therapeutic dose of either one alone. Therefore, 
BECONASE treatment should be used with caution in patients already on alternate day prednisone regimens for any 
disease 


PRECAUTIONS General: During withdrawal from oral steroids, some patients may experience symptoms of withdrawal, e.g., 
joint and/or muscular pain, lassitude, and depression 


In clinical studies with beclomethasone dipropionate administered intranasally, the development of localiced infections of 
the nose and pharynx with Candida albicans has occurred only rarely. When such an infection develops, it may require 
treatment with appropriate local therapy or discontinuance of treatment with BECONASE Nasal Inhaler 


Beclomethasone dipropionate is absorbed into the circulation. Use of excessive doses of BECONASE Nasal Inhaler may 
suppress HPA function 


BECONASE should be used with caution, if at all. in patients with active or quiescent tuberculous mfections of the 
respiratory tract, or in untreated fungal, bacterial, systemic viral infections or ocular herpes simplex 


Because of the inhibitory effect of corticosteroids on wound healing, patients who have experienced recent nasal septal 
ulcers, nasal surgery, or trauma should not use a nasal corticosteroid until healing has occurred 


Although, systemic effects have been minimal with recommended doses, this potential increases with excessive doses 
Therefore, larger than recommended doses should be avoided 


Information for Patients: Patients should use BECONASE Nasal Inhaler at regular intervals since its effect veness depends 
on its regular use. The patient should take the medication as directed. It is not acutely effective and the prescribed dosage 
should not be increased. Instead nasal vasoconstrictors or oral antihistamines may be needed until the =ffects of BECO- 
NASE Nasal Inhaler are fully manifested. One to two weeks may pass before full relief is obtained. The patient should 
contact the doctor if symptoms do not improve, or if the condition worsens, or if sneezing or nasal irritation occurs. For 
the proper use of this unit and to attain maximum improvement, the patient should read and follow the accompanying 
Patient's Instructions carefully 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Treatment of rats for a total of 95 weeks, 13 weeks by ihalation and 82 
weeks by the oral route, resulted in no evidence of carcinogenic activity. Mutagenic studies have not been sertormed 


Impairment of fertility, as evidenced by inhibition of the estrous cycle in dogs, was observed following teatment by the 
Oral route. No inhibition of the estrous cycle in dogs was seen following treatment with beclomethasonedipropionate by 
the inhalation route 


Pregnancy Category C: Like other corticoids, parenteral (subcutaneous) beclomethasone dipropionate has been shown to 
be teratogenic and embryocidal in the mouse and rabbit when given in doses approximately ten times the human dose. In 
these studies, beclomethasone was found to produce fetal resorption, cleft palate, agnathia, microstomia, absence of 
tongue, delayed ossification, and agenesis of the thymus. No teratogenic or embryocidal effects have been seen in the rat 
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when beclomethasone dipropionate was administered by inhalation at 10 times the human dose or orally at 1000 times 
the human dose. There are no adequate ard well-controlled studies in pregnant women. Beclomethasone dipropionate 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus 


Nonteratogenic Effects: Hypoadrenalism may occur in infants born of mothers receiving corticosteroids during pregnancy. 
Such infants should be carefully observed 


Nursing Mothers: It is not known whether beclomethasone dipropionate is excreted in human milk. Because other cortico- 
steroids are excreted in human milk, caution should be exercised when BECONASE Nasal Inhaler is administered to 
nursing women 


Pediatric Use: Safety and effectiveness in chiidren below the age of 12 years have not been established 


ADVERSE REACTIONS In general. side effects in clinical studies have been primarily associated with the nasal mucous 
membranes 


Adverse reactions reported in controlled clinical trials and long term open studies in patients treated with BECONASE are 
described below 


Sensations of irritation and burning in the nose (11 per 100 patients) following the use of BECONASE Nasal Inhaler have 
been reported. Also, occasional sneezing attacks (10 per 100 patients) have occurred immediately following the use of the 
intranasal inhaler 


Localized infections of the nose and pharyn» with Candida albicans have occurred rarely. (See PRECAUTIONS) 
Less than 2 per 100 patients reported transient episodes of bloody discharge from the nose. 


Ulceration of the nasal mucosa has been reported rarely. Systemic corticosteroid side effects were not reported during the 
controlled clinical trials. If recommended deses are exceeded, however. or if individuals are particularly sensitive. symp- 
toms of hypercorticism. i.e., Cushing's syndrome, could occur 


DOSAGE AND ADMINISTRATION Adults and Children 12 years of age and over the usual dosage is one inhalation (42 mcg) in 
each nostril two to four times a day (total dose 168-336 mcg/day). Patients can often be maintained on a maximum dose 
of one inhalation in each nostril three times a day (252 mcg/day) 


In patients who respond to BECONASE Nasal Inhaler, an improvement of the symptoms of seasonal or perennial rhinitis 
usually becomes apparent within a few days after the start of BECONASE Inhaler therapy 


The therapeutic effects of corticosteroids, unlike those of decongestants are not immediate This should be explained to 
the patient in advance in order to ensure cooperation and continuation of treatment with the prescribed dosage regimen 


BECONASE Nasal Inhaler is not recommended for children below 12 years of age 


In the presence of excessive nasal mucus secretion or edema of the nasal mucosa, the drug may fail to reach the site of 
intended action. In such cases it is advisable to use a nasal vasoconstrictor during the first two to three days of 
BECONASE Nasal Inhaler therapy 


Directions for Use: Illustrated patient instructions for proper use accompany each package of BECONASE Nasal Inhaler 


CONTENTS UNDER PRESSURE. Do not puncture. Do not use or store near heat or open flame. Exposure to temperatures 
above 120°F may cause bursting. Never throw container into fire or incinerator Keep out of reach of children 


OVERDOSAGE When used at excessive doses, systemic corticosteroid effects such as hypercorticism and adrenal suppres- 
sion may appear. If such symptoms appear. the dosage should be decreased. The oral LD,, of beclomethasone dipropion- 
ate is greater than 1 g/kg in rodents. One canister of BECONASE contains 8.4 mg. of beclomethasone dipropionate, 
therefore acute overdosage is unlikely 


HOW SUPPLIED BECONASE Nasal Inhaler, 16.8 g canister; box of one. Supplied with nasal adapter and patient's instruc- 
tions; (0173-0336-88) 


Store between 2° and 30°C (36° and 86°F). 


Manufactured by Glaxo Operations—UK Ltd 
Greenford, England for Glaxo Inc., Ft. Lauderdale, FL 33309 8/81 
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LISTEN- 
to what our new a liometer 
has to offer your clinic c or practice. 


The 1715 provides complex testing capability for 
diagnostic procedures and hearing aid evaluata; iis 
at an affordable price! 


e Two channels 

e Eleven discrete frequencies 

e Four speech modes 

e Automatic selection of masking signal 


e Pushbutton selection of tone modes ” | E 
and output transducers. 


All this and much, much more includin Grason-s Stadler’ s 
reputation for quality and performance. 7 

The 1715 ... the multi-featured audiometer ‘designed 

with the user in mind. : 


For further information on what the 1715 has to Offer, call or write: Grason-Stadler, inc. 
a C- P.O. Box 5, Littleton, MA 01460 


617/486-3514 
Distributed outside U.S.A. by Grason-Stadler International, Inc. 





THE DEPARTMENT OF OTOLARYNGOLOGY 
AND THE 
PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
OF THE MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce Postgraduate Courses 


RHINOPLASTY AND OTOPLASTY 


(Co-sponsored with The American Academy of 
Facial Plastic and Reconstructive Surgery, Inc.) 


June 13-17, 1982 


Sidney S. Feuerstein, MD, Course Director: S, 
James Baum, MD, Samuel M. Bloom, MD, Saul 
Hoffman, MD, William Lawson, MD, DDS, 
Frank E. Lucente, MD, Sigmund Sattenspiel, 
MD, and Guest Faculty: John Conley, MD, New 
York, Irvin Fine, MD, Perth Amboy, N.J., 
Charles Gross, MD, Memphis, Tenn., Frank 
Kramer, MD, Los Angeles, Mark Krugman, MD, 
Irvine, Cal., Lionello Ponti, MD, Rome, Robert 
Simons, MD, Miami, Richard C. Webster, MD. 
Melrose, Mass., Howard Smith, MD, DDS, New 
Haven, Conn. 


Fee: $600. 


Sunday through Thursday, 9 AM-€ PM 
(5 Sessions) 


This course covers the basic principles of 
rhinoplasty including reconstructive surgery of 
the nasal septum and otoplasty. Basic lectures on 
surgery of the nasal tip will be thoroughly 
reviewed and discussed. Laboratory dissection 
on fresh cadavers will be coordinated with the 
lectures in addition to daily live and taped tele- 
vised surgery. Anatomy, physiology, pathology, 
diagnosis, planning and evaluation in rhino- 
plasty will be thoroughly reviewed. Management 
of the nasal septum with and without rhinoplasty 
will be presented. Correction of nasal defor- 
mities including thorough discussion of compo- 
nent parts and their relation to every other part 
with special emphasis on the nasal tip and nos- 
trils, splinting, correction of accompanying chin 
deformities, use of grafts for restoration of con- 
tour, plastic surgery in children and psychiatric 
aspects will be reviewed. Management of nasal 


deformities associated with cleft palate and cleft 
lip will be presented. 


The technique and latest concepts developed 
in rhinoplasty will be discussed and taught in- 
cluding the prevention and correction of rhino- 
plasty sequelae. The importance of surgical 
judgement, proper association of the aesthetic 
and physiological requirements and methods of 
improvisation will be stressed. 


Lectures on otoplasty will deal with etiology, 
pathology and surgery of deformities of the auri- 
cle secondary to errors in shape, size and posi- 
tion. 


Cadaver dissection available for each student. 


FACIAL PLASTIC SURGERY 


(Co-sponsored with the American Academy of 
Facial Plastic and Reconstructive Surgery, Inc.) 


June 21-22, 1982 


William Lawson, MD, DDS, Course Director: 
Jacob S. Aronoff, MD, Sidney S. Feuerstein, 
MD, and Guest Faculty; John Conley, MD, New 
York, William H. Friedman, MD, St. Louis, 
Richard C. Webster, MD, Melrose, Mass. 


Fee: $300. 
Monday and Tuesday, 9 AM-6 PM (2 Sessions) 


This course will cover the facelift procedure. It 
will include lectures on case selection, regional 
anatomy, operative technique, complications 
and results. Attention will also be given to an- 
cillary procedures for the aging face. Cadaver 
dissection and surgical demonstrations will be 
utilized. 


As an organization accredited for continuing medical education, The Page and William Black Post-Graduate School of Medicine 


of the Mount Sinai School of Medicine (CUNY) certifies that these continuing medical education offerings meet the criteria, hour for 


hour, for Category I credit of the Physician's Recognition Award of the American Medical Association, provided they are used and 


completed as designed. 


Apply to: Director, The Page and William Black Post-Graduate School of Medicine, Mount Sinai School of Medicine, One 


Gustave L. Levy Place, New York, NY 10029. Telephone: (212) 650-6737. A115 
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Electronic 
Anesthesiz 


The Modern Method of LCS zing 
the Tympanic Membrane in the 
Office or Clinic when 
Performing Nyringotomy || 


and lube nsé rion. 
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Utilizing the principles of lontophoresis, the 

control unit diffuses ions from lidocaine and 
epinepherine into the tympanic membrane. 

The total anesthetizing procedure takes less 
than ten minutes. 


è Eliminates the need for painful injections 
or the trauma of general anesthesia in the 
hospital 

e Provides patient safety and comfort 

Anesthesia lasts up to 1/2 hours. 

e Complete, easy to understand instructions 
provided with kit. 


Cat. #SB-20001 
lontophoretic Applicator Kit 


An Invitation: 


To the hundreds of Otolaryngologists and Otologists who are presently using Electronic 
Anesthesia— We welcome any thoughts, questions, or ideas yau may want to share with 
your colleagues. 

To ihose Otologic surgeons who believe that electronic anesthssia may be of value in their 
practices... 

Call or write Dick Ambrose, Santa Barbara Medco, Inc. 805/964-0384. 


International Dealer Inquiries Invited 





Santa 
Barbara 
Medco, Inc. P.O. Box 6788, 173 CHAPEL ST., SANTA BARBARA, CA. 93111 


COURTESY OF THE EAR FOUNDATION, SANTA BARBARA, CA. 
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Introducing new Schein 
REPE TABS” 


TRINAULIN 2. 


(brand of azatadine malea-e and pseudoephedrine sulfate, USP) 


So thoroughly and completely tested, there’s no 
doubt it’s effective for the relief of upper respiratory 
congestion due to colds and allercy. 










Peak reductions Proven reduction Proven increase in 
inmean total in totalsymptom nasal airflow 
symptom scores’ severity Objective measurement of nasal airflow 
howed rapid significant improvement 
New TRINALIN rapidi > 
TRINALIN Nonii Lat ea ber tra sustained with b.i.d. dosage over the two- 
of allergic rhinitis among 120 patients 
tested at the peak of the Colorado pollen day study period in the latter trials, con- 
O season. In this double-blind, placebo- firming subjective reports of 
ö O controlled clinical study, TRINALIN signifi- ORME 
cantly outscored symptom relief ratings 5 
of either of its components’ Proven patient 
TRINALIN also rapidly reduced symptom acceptance 
severity by 82 per cert among 49 peren- aiai 
AZATADINE a rhinitis patients p a six-week, double- fn eee Eiee aal aoei 
O E eee ai perior... the combination [TRINALIN] was 
Yo proved significantly Superior (9<0.05) not oe ee 
è Aa -i eer maleate pseudoephedrine sulfate, and 
j p placebo.” Like most medications of this 
Bl type, TRINALIN may sometimes cause 
Proven reduction In drowsiness. | | 
PSEUDOEPHEDRINE individual symptom Try it with your patients— prescribe 
severity new TRINALIN for upper respiratory con- 
O gestion from colds and allergies. Symp- 
0 In another double-blind, placebo: tom for symptom, action for action, no 
e controlled clinical Study among allergic antihistamine/decongestant does more. 
rhinitis patients, reduction of individual For professional samples, ask your 
symptoms parallelec total symptom Schering Representative. 
score reduction’ 
PLACEBO 













Symptom TRINALIN Azatadine Pseudoephedrine Placebo 





Runny nose 2 A 
sneeze —56% —50% =n $% =19% 


> d Gi 


Nose blows —51% — 46% — 19% — 9% 
Watery eyes —43% — 27% — 16% — 2% 
Itchy nose —24% — 43% — 10% 0% 
Itchy eyes — 42% =17 — 17% — 17% 
Postnasal 


drip —28% — 24% — 19% 
Cougn = 


Adapted fromConnell, JT Anavel method to assess antinistamimeand decongestant efficacy, Ann 
Allergy 42 278 , 1979 
References: 
1. Falliers, C.J, and Redding, M Controlled comparison of a newamthistamine-decongestant 
- combination tots individual Components, Ann Allergy 45 75, 198€ 
2. Connell. JT Anovel method t assess antihistamine and decongestant efficacy, Ann Allergy 42 278, 1979 


Please see Clinical Considerations section which follows . 





TRINALIN 


brand of azatadine maleate and pseudoephedrine 
sulfate, USP 

Long-Acting 
Antihistamine/Decongestant 
REPETABS” Tablets 


Clinical Considerations: 

INDICATIONS AND USAGE TRINALIN REPETABS 
Tablets are indicated for the relief of the symptoms of upper 
respiratory mucosal congestion in perennial and allergic 
rhinitis, and for the relief of nasal congestion and eustachian 
tube congestion. Analgesics, antibiotics, or both may be 
administered concurrently, when indicated. 


CONTRAINDICATIONS Antihistamines should not be 
used to treat lower respiratory tract symptoms, including 
asthma. 

This product is contraindicated in patients with narrow- 
angle glaucoma or urinary retention, and in patients receiv- 
ing monoamine oxidase (MAO) inhibitor therapy or within 
ten days of stopping such treatment. (See Drug Interactions 
section.) It is also contraindicated in patients with severe 
hypertension, severe coronary artery disease, hyperthyroid- 
ism, and in those who have shown hypersensitivity or 
idiosyncrasy to its components, to adrenergic agents, or to 
other drugs of similar chemical structures. Manifestations of 
patient idiosyncrasy to adrenergic agents include, insom- 
nia, dizziness, weakness, tremor, or arrhythmias. 


WARNINGS TRINALIN REPETABS Tablets should be 
used with considerable caution in patients with stenosing 
Peptic ulcer, pyloroduodenal obstruction, urinary bladder 
obstruction due to symptomatic prostatic hypertrophy, or 
narrowing of the bladder neck. It should also be adminis- 
tered with caution to patients with: cardiovascular disease, 
including hypertension or ischemic heart disease: increased 
intraocular pressure (See CONTRAINDICATIONS); diabetes 
mellitus, or in patients receiving digitalis or oral 
anticoagulants. 

Central nervous system stimulation and convulsions or 
cardiovascular collapse with accompanying hypotension 
may be produced by sympathomimetics. 

Do not exceed recommended dosage. 

Use in Activities Requiring Mental Alertness: Patients 
should be warned about engaging in activities requiring 
mental alertness, such as driving a car or operating 
appliances, machinery, etc. 

Use in Patients Approximately 60 Years and Older: 
Antihistamines are more likely to cause dizziness, sedation. 
and hypotension in patients over 60 years of age. In these 
patients, sympathomimetics are also more likely to cause 
adverse reactions, such as confusion, hallucinations, con- 
vulsions, CNS depression, and death. For this reason, 
before considering the use of a repeat-action formulation, 
the safe use of a short-acting sympathomimetic in that 
particular patient should be demonstrated. 


PRECAUTIONS General: Because of the atropine-like 
action of antihistamines, this product should be used with 
caution in patients with a history of bronchial asthma. 


Drug Interactions: MAO inhibitors prolong and intensify 
the effects of antihistamines. Concomitant use of antihista- 
mines with alcohol, tricyclic antidepressants, barbiturates, 
or other central nervous system depressants may have an 
additive effect. The action of oral anticoagulants may be 
inhibited by antihistamines. 

When sympathomimetic drugs are given to patients 
receiving monoamine oxidase inhibitors, hypertensive reac- 
tions, including hypertensive crises, may occur. The antihy- 
pertensive effects of methyldopa, mecamylamine, reserpine, 
and veratrum alkaloids may be reduced by sympathomi- 
metics. Beta-adrenergic blocking agents may also interact 
with sympathomimetics. Increased ectopic pacemaker 
activity can occur when pseudoephedrine is used concomi- 





tantly with digitalis. Antacids increase the rate of absorption 
of pseuddephedrine, while kaolin decreases it. 


Drug/Laboratory Test Interactions: The in vitro addi- 
tion of pseudoephedrine to sera containing the cardiac 
isoenzyme MB of serum creatine phosphokinase progres- 
Sively imibits the activity of the enzyme. The inhibition 
becomes complete over six hours 


Pregnancy Category C: Retarded fetal development and 
the presence of angulated hyoid wings were seen in the 
offsprinc of pregnant rabbits administered TRINALIN at 
about 12.5 times and 5 times the recommended human 
dosage, respectively; increased resorption was noted at 
about 25 times the human dosage. A decreased survival rate 
at day <1 was seen in rat pups born of mothers given 
TRINALIN during pregnancy at a dose about 12.5 times the 
human dosage. There are no adequate and well-controlled 
Studies pregnant women. TRINALIN REPETABS Tablets 
should 3e used during pregnancy only if the potential 
benefits to the mother justify the potential risks to the infant. 
(See Norteratogenic Effects.) 


Nonteratogenic Effects: Antihistamines should not be 
used in Me third trimester of pregnancy, because newborns 
and premature infants may have severe reactions to them 
such as convulsions. 


Nursing Mothers: It is not known whether these drugs are 
excreted in human milk. However, certain antihistamines 
and symathomimetics are known to be excreted in human 
milk. Because of the higher risks of antihistamines for 
infants generally and for newborns and prematures in 
particular, a decision should be made whether to discontirue 
nursing dr to discontinue the drug, taking into account the 
importarce of the drug in the mother. 

There is a report of irritability, excessive crying and 
disturbed sleeping patterns in a nursing infant whose 
mother had taken a product containing an antihistamine and 
pseudoeshedrine 


Pediatric Use: Safety and effectiveness in children below 
the age cf 12 years have not been established. 


ADVERSE REACTIONS The following adverse reac- 
lions are associated with antihistamine and sympathomi- 
metic drigs. (Those adverse reactions which occur most 
frequentty with the antihistamines are underlined.) 


General: Urticaria, drug rash, anaphylactic shock, photo- 
sensitivi y, excessive perspiration, chills, dryness of mouth, 
nose, ard throat. 


Cardiovascular: Hypertension (see CONTRAINDICA- 
TIONS end WARNINGS), hypotension, arrhythmias and 
cardiovascular collapse, headache, palpitations, extrasys- 
toles, tachycardia, angina. 


Hematelogic: Hemolytic anemia, hypoplastic anemia, 
thrombocytopenia, agranulocytosis. 


Central Nervous System: Sedation, sleepiness. dizzi- 
ness, vertigo, tinnitus, acute labyrinthitis, disturbed coordi- 
nation, fatigue, mydriasis, confusion, restlessness. 
excitation, nervousness, tension, tremor, irritability, inson- 
nia, euphoria, paresthesias, blurred vision, hysteria, neu- 
ritis, convulsions, fear, anxiety, hallucinations, CNS 
depression, weakness, pallor. 


Gastrointestinal: Epigastric distress, anorexia. nausea. 
vomiting. diarrhea, constipation, abdominal cramps. 


Genitourinary: Urinary frequency, urinary retention, dys- 
uria, eariy menses. 


Respiretory: Thickening_of bronchial secretions, tight- 
ness of chest and wheezing, nasal stuffiness, respiratory 
difficulty 


DRUG ABUSE AND DEPENDENCE There is no infor- 
mation to indicate that abuse or dependency occurs with 
azatadine maleate. 

Pseucoephedrine, like other central nervous system 
Stimulams, has been abused. At high doses, subjects 
commonly experience an elevation of mood, a sense of 
increased energy and alertness, and decreased appetite. 
Some individuals become anxious, irritable, and loqua- 
cious. In addition to the marked euphoria, the user experi- 
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ences a sense of markedly enhanced physical strength and 
mental capacity. With continued use, tolerance develops, the 
user increases the dose, and toxic signs and symptoms 
appear. Depression may follow rapid withdrawal. 


OVERDOSAGE In the event of overdosage, emergency 
treatment should be started immediately. 

Manifestations of overdosage may vary from central 
nervous system depression (sedation, apnea, diminished 
mental alertness, cyanosis, coma, cardiovascular collapse) 
to stimulation (insomnia, hallucinations, tremors. or con- 
vulsions) to death. Other signs and symptoms may be 
euphoria, excitement, tachycardia, palpitations, thirst, per- 
spiration, nausea, dizziness, tinnitus, ataxia, blurred vision, 
and hypertension or hypotension. Stimulation is particularly 
likely in children, as are atropine-like signs and symptoms 
(dry mouth; fixed, dilated pupils, flushing; hyperthemia; and 
gastrointestinal symptoms). 

In large doses sympathomimetics may give rise to 
giddiness, headache, nausea, vomiting, sweating, thirst, 
tachycardia, precordial pain, palpitations, difficulty in mic- 
turition, muscular weakness and tenseness, anxiety, rest- 
lessness, and insomnia. Many patients can present a toxic 
psychosis with delusions and hallucinations. Some may 
develop cardiac arrhythmias, circulatory collapse, convul- 
sions, coma, and respiratory failure. 

The oral LD.,, of the mixture of the two drugs in mature 
rats and mice was greater than 1700 mg/kg and 600 mg/kg, 
respectively. 

Ireatment—The patient should be induced to vomit. 
even if emesis has occurred spontaneously. Pharmacologi- 
Cally induced vomiting by the administration of ipecac syrup 
is a preferred method. However, vomiting should not be 
induced in patients with impaired consciousness. The 
action of ipecac is facilitated by physical activity and by the 
administration of eight to twelve fluid ounces cf water. If 
emesis does not occur within fifteen minutes, the dose of 
ipecac should be repeated. Precautions against aspiration 
must be taken, especially in infants and children. Following 
emesis, any drug remaining in the stomach may be 
absorbed by activated charcoal administered as a slurry with 
water. If vomiting is unsuccessful or contraindicated, gastric 
lavage should be performed. Isotonic and one-half isotonic 
Saline are the lavage solutions of choice. Saline cathartics, 
such as milk of magnesia, draw water into the bowel by 
osmosis and therefore may be valuable for their action in 
rapid dilution of bowel content. Dialysis is of little value in 
antihistamine poisoning. After emergency treatment the 
patient should continue to be medically monitored. 

Treatment of the signs and symptoms of overdosage is 
symptomatic and supportive. Stimulants (analeptic agents) 
should not be used. Vasopressors may be used to treat 
hypotension. Short-acting barbiturates, diazepam, or 
paraldehyde may be administered to contro! seizures. 
Hyperpyrexia, especially in children, may require treatment 
with tepid water sponge baths or a hypothermic blanket. 
Apnea is treated with ventilatory support. 


HOW SUPPLIED TRINALIN REPETABS Tablets contain 
1 mg azatadine maleate and 120 mg pseudoephedrine 
Sulfate. TRINALIN REPETABS Tablets are coral-colored, 
Sugar-coated tablets branded in black with the Schering 


QERA 
trademark A or the product name (TRINALIN) and prod- 


uct identification numbers, 703; bottle of 100 (NDC-0085- 
0703-04). 


Store between 2° and 30°C (36° and 86°F). 
12393202 3/81 


For more complete details, consult package insert 
or Schering literature available from your Schering 
Representative or Professional Services Depart- 
ment, Schering Corporation, Kenilworth, New 
Jersey 07033. SLS-790 


AMERICAN RHINOLOGIC SOCIETY 


announces 
Postgraduate Introductory Course 


NASAL SEPTAL PYRAMID SURGERY 
AND 
CLINICAL RHINOMANOMETRY 


Based on the Dr. Maurice H. Cottle Technique 
August 20-25, 1982 


University of Missouri School of Dentistry 
Kansas City, Missouri 


This practical course is designed to introduce the basic 
philosophy of the late Dr. Maurice H. Cottle, and will in- 
clude exhibits, lectures, T.V. surgery. and cadaver dissec- 
tion by members and guests of the American Rhinologic 
Society. 
Special attention to the physiological concepts of diagnosis 
and surgical treatment for nasal and septal deformities. 
Clinical office rhinomanometry will be presented in 'ec- 
ture, and practical application wil! be demonstrated. 

Registration fee: Physicians - $600 

Residents - $300 


Through the Dr. Maurice H. Cottle Education and Re- 
search Fund a few part and full pay tuitions are available. 


To register contact: P.A. Barelli, MD, Course Director. 
2929 Baltimore, Suite 105, Kansas City, MO 64108. (816) 
561-4423. 


Category 1 — AMA credit 


TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 


Malcolm D. Graham, MD. Course Director 


June 14-18, 1982; Sept. 20-24, 1982; 
Nov. 8-12, 1982; Jan. 10-14, 1983; 
March 14-18, 1983; May 9-13, 1983; 
June 13-17, 1983; Sept. 26-30, 1983 


Intensive one-week courses emphasize the surgical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otolosic 
surgeon, utilizing lectures, videotape presentations 
of surgical techniques and temporal bone dissection. 


Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experience in 
both temporal bone anatomy and surgical teeh- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, blending basic 
science and clinical otologic instruction. Dissection 
instruments will be provided. 


FEE — $1000 


50 Hours Category I CME Credits 


For further information contact: Malcolm D. 
Graham, MD, Dept. of Otorhinolaryngology, 
University of Michigan Medical Center, Ann Arbor, 
MI 48109, (313) 764-4131 or (313) 764-8110. AdS 
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b.i:d. pseudoephedrine sulfate 120 mg. 


Up to 12 hours of relief 
from nasal/sinus congestion 
.. Without drowsiness 


Now, for extra convenience, 
Afrinol is available without 

a prescription, so you can 
recommend it to your patients. 
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Oto-Rhino-Laryngology. For work 
so precise, depend on Karl Storz 
endoscopes. You'll be able to see 
things as never before. 


Karl Storz was the first to utilize 
Professor Hopkins’ unique rod lens 
optical system. So even our 
smallest telescopes will provide you 
with a true-to-color image, ultra-high 
resolution and brilliant distal illu- 
mination. Our wide viewing angles 
give you the whole picture. 


Our instruments include tele- 
otoscopes, nasal and sinus endo- 
scopes and direct and indirect 
laryngoscopes including the new 
bivalve model. 
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Endoscopy. Seeitour way 


In fact, Karl Storz can provide 
superior quality endoscopes and 
accessories for all your diagnostic, 


operative and documentation needs. 


If an instrument should become 
damaged, our computer assisted 
Repair/Exchange program will 
usually provide a replacement 
within days. Our instruments are 
backed up by a nationwide force of 
endoscopic representatives, and 
our Customer Service Department 
is on cal to answer your questions, 
and provide information. 


Karl Storz 
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At Karl Storz our commitment to 
the Surgeon does not stop at the 
purchase of our instruments. Our 
Customer Relations Department is 
equipped with an extensive refer- 
ence library of films, books, and 
journal reprints available to you, 
free of charge. 


From diagnosis to documentation, 
Karl Storz endoscopes will see you 
through. 


Karl Storz Endoscopy-America, Inc. 
10111 West Jefferson Boulevard 
Culver City, California 90230 

Toll Free: (800) 421-0837 

Toll Free Within California: 

(800) 252-2008 
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In the treatment 
of otitis externa 
be sure 
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> 









“etter 









= "a 








CORTISPORIN 


Otic Solution sterile Otic Suspension sterile 


 (POLYMYXIN B-NEOMYCIN- 
HYDROCORTISONE) 
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(POLYMYXIN B-NEOMYCIN- 
HYDROCORTISONE) 


Economical broad-spectrum bactericidal 


CORTISPORIN® OTIC SUSPENSION Sterile (Polymyxin B-Neomycin-Hydro- 
cortisone) 
DESCRIPTION Each cc contains: 


Aerosporin® (Polymyxin B Sulfate) 10,000 units 
Neomycin sulfate (equivalent to 3.5 mg neomycin base) 5 mq 
Hydrocortisone. 10 mg (1%) 


The vehicle contains the inactive ingredients cetyl alcohol propylene glycol, 
polysorbate 80, water for injection and thimerosal (preservative) 0.01%. 
INDICATIONS: For the treatment of superficial bacterial in ections of the ex- 
ternal auditory canal caused by organisms susceptible to the action of the anti- 
biotics, and for the treatment of infections of mastoidectomy and fenestration 
cavities caused by organisms susceptible to the antibiotics 
PRECAUTIONS: This drug should be used with care in cases of perforated 
eardrum and in long-standing cases of chronic otitis media because of the possi- 
bility of ototoxicity caused by neomycin 
CORTISPORIN® OTIC SOLUTION Sterile (Polymyxin B-Neomyein-Hydrocortisone) 
DESCRIPTION: Each cc contains 


Aerosporin® (Polymyxin B Sulfate) 10,000 units 

Neomycin sulfate 5mg 
(equivalent to 3.5 mg neomycin base) 

Hydrocortisone 10 mg (1%) 


The vehicle contains the inactive ingredients cupric sulfate, glycerin, hydro- 
chloric acid, propylene glycol, water for injection and potassium metabisulfite 
(preservative) 0.1%. 

INDICATIONS: For the treatment of superficial bacterial infections of the external 
auditory canal caused by organisms susceptible to the action of the antibiotics 
PRECAUTIONS: This drug should be used with care when 
the integrity of the tympanic membrane is in question be- 
cause of the possibility of ototoxicity caused by neomycin 
ADVERSE REACTIONS: Stinging and burning have been AR 
reported when this drug has gained access to the middle ear z 
ellcome 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 


CONTRAINDICATIONS, WARNINGS, PRECAUTIONS AND 

ADVERSE REACTIONS COMMON TO BOTH PRODUCTS 
CONTRAINDICATIONS: These products are contraindicated in those individuals 
who have shown hypersensitivity to any of the components, and in herpes 
simplex, vaccinia and varicella. 

WARNINGS: As with other antibiotic preparations, prolonged treatment may 
result in overgrowth of nonsusceptible organisms and fungi. If the infection is 
not improved after one week, cultures and susceptibility tests should be repeated 
to verify the identity cf the organism and to determine whether therapy should 
be changed 

When using neomycin-containing products to control secondary infection in the 
chronic dermatoses, such as chronic otitis externa, it should be borne in mind that 
the skin in these conditions is more liable than is normal skin to become sensitized 
to many substances, including neomycin. The manifestation of sensitization to 
neomycin is usually a low grade reddening with swelling, dry scaling and itching; 
it may be manifest simply as a failure to heal. During long-term use of neomycin- 
containing products, periodic examination for such signs is advisable and the 
patient should be tolc to discontinue the product if they are observed. These 
symptoms regress quickly on withdrawing the medication. Neomycin-containing 
applications should be avoided for that patient thereafter 
PRECAUTIONS: If sensitization or irritation occurs, medication should be dis- 
continued promptly. Fatients who prefer to warm the medication before using 
should be cautioned against heating the solution above body temperature. in 
order to avoid loss of potency. 

Treatment should not be continued for longer than ten days. Allergic cross- 
reactions may occur which could prevent the use of any or all of the following 
antibiotics for the treatment of future infections: kanamycin, 
paromomycin, streptomycin, and possibly gentamicin. 
ADVERSE REACTIONS: Neomycin is a not uncommon 
cutaneous sensitizer. There are articles in the current litera- 
ture that indicate an increase in the prevalence of persons 
sensitive to neomycin 
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THE AMERICAN BOARD OF OTOLARYNGOLOGY: 1950-1979 


WALTER P. WORK, MD 


GREEN VALLEY, ARIZONA 


This report concerns historical aspects of the American Board of Otolaryngology during the period 1950 to 1979. There has been 
gradual evolution from a partially structured clinical didactic and clinical oral examination to a highly standardized and uniform type of 
examination with broad modern content. The use of patients in the clinical oral partof the examination was discontinued in 1970. In the 
1950s the American Board of Otolaryngelogy sought ways aad means for the specialty'to redirect its goals following the introduction of an- 
tibiotic drug therapy. As a result of the gradual shift of its objectives, the Board initiated many changes in the examination during the 1960s 
which helped to define the future of the specialty. In the 1970s multiple choice written and oral simulated patient examinations were 
developed. Many hundreds of hours were spent by Directers of the Board, task force members, guest examiners and educational con- 
sultants in preparing, administering and grading the examinations. However, the Directors have always retained the perogatives as to the 
selection of candidates, final evaluation of candidates and the issuance of certificates. The advanced format has allowed the American 
Board of Otolaryngology to test 400, plus or minus, candidates during each examination session. Prior to 1970, in order to test increasing 
numbers of candidates, two and occasionally three examinations were given each year. The whole broadened field of otolaryngology was 
included in the content of the examinations so that modern otolaryngology was represented. In addition, the Board continued to uphold 
standards for otolaryngologists who desired certification and encouraged development and maintenance of highest standards in the 
teaching and training of otolaryngologists. Liaison with otolaryngologists was maintained through specialty societies and the Residency 
Review Committee in Otolaryngology. In organized mediciae as a whole, otolaryngowogy has been and is represented through its member- 
ship in the American Board of Medical Specialties. 


INTRODUCTION 


Nineteen hundred seventy-nine marks the 35th 
year of the existence of the American Board of Oto- 
laryngology. In 1950, Proetz’ published an histori- 
cal account of the Board’s first 25 years. The only 
board established prior to 1924 was the American 
Board of Ophthalmology, which was organized in 
1917. Since these two boards were established, 21 
other boards in medicine and surgery have been 
formed. 


The American Board of Otolaryngology was 
planned as a private organization in 1924 and in- 
corporated in the State of Missouri. The objectives 
of the Board are to establish standards of qualifica- 
tions for otolaryngologists who desire and request 
Board certification, to determine which candidates 
fulfill these standards of qualification, to examine 
such candidates and issue certificates upon satisfac- 
tory completion of requirements, and to encourage 


development and maintenance of the highest stan- 
dards in teaching and training of otolaryngologists.? 


The certificate of the American Board of Otolar- 
yngology, like the certificate of the 22 other medical 
and surgical boards, carries no licensure to practice 
medicine. This is frequently not understood by 
American and foreign graduates alike. Proetz' gave 
a vivid picture of the American Board of Otolaryn- 
gology’s activities and summarized in the final 
paragraph of his report: “These are crucial times for 
American medicine. What more can one say for a 
body such as this, on its Silver Jubilee, than that it 
has always been and always will be dedicated to the 
highest ideals and a tireless devotion to the public 
weal?” 


THE 1950s 


December 1949 marked the 25th year of incor- 
poration cf the American Board of Otolaryngology. 


EXAMINATIONS ADMINISTERED BY THE AMERICAN BOARD OF OTOLARYNGOLOGY 1950-1979. 


YEAR CITY YEAR 
1950 New Orleans 1957 
San Francisco 1958 
Chicago 1959 
1951 New York 1960 
Richmond, Va. 1961 
Chicago 1962 
1952 Toronto 1963 
Chicago 
1953 New Orleans 1964 
Chicago 
1954 Boston 1965 
New York 1966 
1955 Chicago 
1956 Montreal 1967 
Chicago 


CITY YEAR CITY 
Chicago 1968 New Orleans 
Chicago Chicago 
Chicago 1969 Los Angeles 
Chicago Chicago 
Chicago 1970 New Orleans 
Chicago Toronto 
Chicago Chicago 

New Yorx 1971 Chicago 
New Orleans 1972 Chicago 
Chicago 1973 Chicago 
Chicago". 1974 Chicago 
New Orleens | / a 1975 Chicago 
Chicago ~ fe 1976 Chicago 
Toronto 1977 Chicago 
Chicago =` 1978 Chicago 
1979 Chicago 


Dr. Work is Emeritus Professor and Chairman, Departmen: of Otorhinolaryngology, Cniversity of Michigan; and Lecturer, Surgery, Section of 


Otolaryngology, University of Arizona. 
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Bobby R. Alford, MD 


Byron J. Bailey, MD 


The present report deals with the 30 years of the 
Board's existence starting at the conclusion of 
Proetz report of 1950 through 1979. Dtolaryngol- 
ogy experienced difficult times as a specialty in the 
1950s. The introduction of antibiotic drugs seemed 
to affect otolaryngology adversely at the time, but 
as events proved later, their introduction proved to 
be a benefaction in disguise. These acverse effects 
upon otolaryngology during the 1950s were com- 
pensated in part by advances in otolaryngology and 
Lempert’s introduction of the one-stage fenestration 
operation for hearing loss in patients with clinical 
otosclerosis. Many other otolaryngo ogists were 
contributing heavily of their time and efforts during 
these years. 


Resident teaching and education suffered; many 
resident programs in otolaryngology had great diffi- 
culty in attracting qualified physician: to fill posi- 
tions. Records of the business meetings vf the Direc- 
tors of the Board during this period are replete with 
discussions of ways and means to improve teaching 
at all levels so that young doctors would be at- 
tracted to residencies in otolaryngology. Some said 
the best way to do this was to eliminate excessive 
numbers of resident education prograrrs. In actual- 
ity, through the Board’s initiative, resident pro- 
grams were visited by its Directors not “or accredit- 
ing purposes, but to act as consultants and coun- 
selors to program directors. The Society of Univer- 


Daniel C. Baker, Jr, MD Roger Boles, MD 


sity Otolarvngologists and the American Academy 
of Otolaryngology (American Academy of Ophthal- 
mology and Otolaryngology at that time) acted as 
advisors in these efforts. The National Institutes of 
Health supplied funds through the Society of Uni- 
versity Otolaryngologists for the survey visits. It 
was realized early that the more effective resident 
programs were departments which functioned inde- 
pendently as to budget, space, equipment, research 
and teaching. Many resident education and medical 
student teaching programs benefitted from these ef- 
forts. 


An internship as well as three years in resident 
education in otolaryngology was required at this 
time. Formal structuring of residencies allowed for 
development of a broader content base in otolaryn- 
gology. The Board had anticipated this broadening 
and structured its certification examination accord- 
ingly. 


Medical and surgical aspects of the specialty were 
stressed in the examination. In addition to otology, 
audiology, communicative disorders, laryngology, 
rhinology and bronchoesophagology, surgery of the 
head and neck evolved to include regional oncology 
and regional plastic surgery. Another broad devel- 
opment took place in the fields of allergy and im- 
munology. Clinical and basic research was also 
stressed and developed into an integral part of the 
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resident programs in many centers. The certifying 
examination during these years was clinically ori- 
ented and patients were still examined by candi- 
dates. In this manner, the examiner was able to 
evaluate the candidate in an “office set-up.” 


An attempt was made to structure both the oral 
didactic and the oral clinical examination and to 
standardize them as much as possible. The oral clin- 
ical examination included otology, audiology and 
speech, rhinology, laryngology, throat disorders 
and bronchoesophagological diseases. The oral 
didactic examination included pathology, physiol- 
ogy, embryology, pharmacology, microbiology, 
anatomy and biochemistry. At one point, the Board 
was so concerned about the content and structuring 
of the examination that an ad hoc committee was 
appointed to prepare that part of the oral didactic 
examination which dealt only with audiology. 


During the 1950s, an average of 111 candidates 
were certified annually. A backlog of candidates de- 
veloped in 1950 and 1951 (see table), and the exam- 
ination was given three times; 195 and 210 candi- 
dates were certified in these two years, respectively. 
The high number of examinations per year proved 
to be prohibitive due to the expenses involved. 
However at one point in the mid-1950s, only one ex- 
amination was given and only 48 candidates were 
certified. This decline continued during the last 
years of the decade and was truly the low ebb of the 


pac 


David D. DeWeese, MD 


John T. Dickinson, MD 


specialty. During this 1950 decade only 1115 certi- 
ficates were issued. 


Another function of the American Board of Oto- 
laryngology during the early 1950s was to accredit 
resident education programs. This effort proved to 
be extremely time-consuming and expensive. In 
1950, 185 residencies in otolaryngology were avail- 
able and only 135 were filled.’ 


The Residency Review Committee in Otolaryn- 
gology became a functioning body in 1954 and its 
parent sponsors were the American Board of Oto- 
laryngology, the American Medical Association and 
the American College of Surgeons. This committee 
assumed the duties of accreditation of resident 
training programs for otolaryngology and thus 
eased some of the pressure on the Board. 


In addition to the site surveys conducted by the 
Board of Directors, two questionnaires were sent to 
program directors in the latter part of the decade. 
The first questionnaire was aimed at determining 
the best way to improve resident training and medi- 
cal studemt teaching so that candidates could be at- 
tracted to resident programs in otolaryngology. The 
second questionnaire was designed to determine 
whether general surgical resident education should 
be included as a requirement in the training of an 
otolaryngologist. Replies to the first questionnaire 
unanimously agreed that quality of education was 
the key to success, that the specialty should be 
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broadened, and that the program directors should 
spend more time and effort in teaching, administra- 
tion, clinical activities and research. Only 25% of 
those answering the second questionnaire indicated 
that they required otolaryngology residents to sup- 
plement their otolaryngology training by general 
surgical resident education. However, 1)0% of the 
respondents indicated that general surgery should 
be required for residents. As circumstances devel- 
oped, this extra year evolved into the required year 
of general surgery, and surgical services in this 
country and Canada soon made surgical training 
possible for all residents entering otoleryngology. 
Thus, during the 1950s, resident education in oto- 
laryngology developed into a well-organized, 
broad-based experience. 


By mid-decade the American Board of Otolaryn- 
gology described the following paths a candidate 
could pursue to meet requirements for voluntary 
application toward certification: 


1. One year of internship (approved by AMA). 


2. Proficiency in the applied basic sciences, in- 
cluding the anatomy of the ear, nose and throat, 
neck, chest, esophagus and nervous system, gross 
pathology and histopathology, bacteriology, physi- 
ology, didactic otolaryngology and the general 
fundamentals of surgery. 


3. In addition to a general internship, the re- 
quired clinical training in otolaryngology may be 


Francis L. Lederer, MD Francis E. LeJeune, MD 





Clair M. Kos, MD 


Frank D. Lathrop, MD 
acquired in any of the following ways: 


a) A 3-year residency or fellowship in otolar- 
yngology. 


b) A 2-year approved residency or fellowship 
in otolaryngology or a 3-year approved combined 
residency or fellowship in otolaryngology and 
ophthalmology, provided two years have been in 
otolaryngology and have been preceded by at least 
one year of approved residency training in surgery 
or medicine or by an additional year in an approved 
internship. 


4. In exceptional circumstances, certain candi- 
dates who do not meet all the above Board require- 
ments may be accepted for examination. 


5. At least one year must be spent in private, 
group or institutional practice in otolaryngology 
after the period of special training. This require- 
ment may be waived for candidates from foreign 
countries. 


6. A candidate may be qualified for examination 
at the discretion of the American Board of Otolar- 
yngology . . . “if? he has limited his practice to 
otolaryngology for seven years in association with a 
hospital staff approved by the AMA. 


7. A physician who limits himself exclusively to 
the practice of peroral endoscopy may be granted 
limited certification in this field.® 
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William J. McNally, MD Alden H. Miller, MD 

The special requirements quoted above reflect 
the Board’s exploratory years. For example, in the 
latter part of the 1950s the combined residency re- 
quirement in ophthalmology and otolaryngology 
was dropped, as was the seven years of practice re- 
quirement. In 1959, the Board revised its special 
resident education requirements to include more 
concisely: 


l. One year of internship (approved program 
AMA). 


2. One year of general surgery resident educa- 
tion (approved program). 


3. Three years of otolaryngology (approved pro- 
gram). 


4. A candidate may be examined at the conclu- 
sion of his training.‘ 


As in other changes in resident education planned 
by the Board, “lead time” for initiation of the pro- 
posed changes was and is usually from two to three 
years so such was the case in 1959 regarding general 
surgery. 


All in all, otolaryngologists who were active in 
the 1950s planned well for the future. During this 
decade, the Board was constantly aware of the im- 
portance of revitalization of otolaryngology and 
made every effort to plan for the future. Coopera- 
tive efforts among otolaryngologists were the. key- 
notes during these years. 


> 





Lewis F. Morrison, MD 


James A. Moore, MD 


THE 1960s 

The 1960s were marked by many changes in the 
teaching o: medical students and residents in the 
field of etclaryngology. Quality patient care con- 
tinued te be the overall goal. Basic and clinical 
research efsorts were introduced into many resident 
programs. The National Institutes of Health award- 
ed research contracts to institutions so that research 
efforts could be enhanced by the hiring of necessary 
personne! and the acquisition of space and equip- 
ment. Other funds were granted to help program 
directors train young specialists so that they might 
be encouraged to enter academic careers. Site visits 
to resident srograms by Directors of the Board con- 
tinued mainly for counseling purposes. The certify- 
ing examination was reevaluated and slowly modi- 
fied to include the areas being taught in medical 
schools, medical centers and resident programs. 
The Board finalized its concepts regarding the one 
year of general surgical resident education by mak- 
ing it a speeial requirement in 1961. 


The Residency Review Committee for Otolaryn- 
gology was becoming increasingly active in ac- 
crediting those institutional programs in which the 
broad concept of otolaryngology was being taught. 
Resident education consisted of one year of surgical 
and three years of otolaryngology resident educa- 
tion in approved programs in the United States or 
Canada in addition to the internship year. This was 
the pattern of resident education throughout the 
decade. 
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Michael M. Paparella, MD Loring W. Pratt, MD 


6 WALTER P. WORK 





fh 


G. O. Proud, MD George F. Reed, MD 


Oral didactic and oral clinical examinations were 
used exclusively. The content of the oral didactic 
examination was broadened to include wider areas 
of basic science and research. The clinical oral ex- 
amination was becoming expensive and compli- 
cated. Cooperating hospitals which participated 
simply could not furnish patients for the examina- 
tion due to rising cost of travel, insurance and ad- 
ministration. However, by close cooperation with 
host institutions, the Board was able to keep the 
clinical oral examination intact during the whole of 
the decade. The examination process during this 
time was organized so that increased number of 
candidates could be examined in a uniform and 
standard manner. 


New concepts in medical education and its eval- 
uation were developing under physicians’ guidance. 
An educational consultant was employed and mem- 
bers of the Board were utilized in an advisory capa- 
city. Constant liaison was maintained with the Res- 
ident Review Committee, and in additicn, a great 
spirit of cooperation existed among all otolaryngol- 
ogists during the 1960s. With the cooperation of all 
parties a new certifying examination was formu- 


lated for the 1970s. 


The American Board of Otolaryngology also 
played a role in organized medicine through its ac- 
tivities in the Advisory Board for Medical Special- 
ties. Although the latter was strictly advisory at this 
time, it was influential in keeping each medical and 








Frank N. Ritter, MD 


William H. Saunders, MD 


surgical specialty board up-to-date on evaluation 
activities throughout the whole of medicine and 
surgery. As events unfolded in the latter part of the 
1960s, plans were made by all boards to change the 
Advisory Board for Medical Specialties to the Amer- 
ican Board of Medical Specialties. 


In the 1960s, a total of 1,206 candidates were cer- 
tified for an average of 120 candidates per year, a 
slight increase over the previous decade. This was a 
decade of revitalization. It was a period in which 
resident education was further improved and for- 
malized so that the foundation was laid for further 
broadening the specialty. The year of required gen- 
eral surgery resident education, introduced in the 
early 1960s, gave a resident an opportunity to be 
trained along surgical principles that allowed for 
diversified surgical activities in caring for patients. 
The Board considered this surgical education a 
milestone in the specialty’s development. 


THE 1970s 


In 1970 three examinations were given; the first 
in February (in New Orleans), when 78 certificates 
were issued; the second in May (in Toronto), when 
77 certificates were issued, and the third in Septem- 
ber (in Chicago), when 84 certificates were issued; 
a total of 239 for the year. All three examinations 
followed the older design of oral didactic and oral 
clinical types, while the third also included written 
multiple choice and oral-simulated patient sections. 
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These added features were an attempt by the Board 
to introduce a wholly new examination so that the 
shift from the “old to the new” would be a gradual 
one. 


In November 1971, an entirely new certifying ex- 
amination was offered to 329 candidates. This was 
the greatest number of candidates the Board has 
been able to accommodate at any one time. This ex- 
amination’ consisted of written multiple choice and 
oral patient-simulated parts. For the first time in 
many years patients were not used. The first evi- 
dence of “the third wave”® in evaluation techniques 
was truly upon us. Task forces made up of otolaryn- 
gologists from the United States and Canada were 
now organized to prepare examination materials 
that represented current otolaryngology. The new 
examination format was costly to prepare and ad- 
minister; the number of guest examiners increased 
seven-fold. This meant that special orientation and 
instructional sessions had to be prepared for the 
guest group as well as for participating Board mem- 
bers so that uniformity in the examination would be 
maintained. Final evaluation continued to be the 
responsibility of the Directors of the Board since 
they participated fully in direeting all phases of the 
examining and evaluating processes. 


The format of the new examination lasted 
through 1979. During the 1970s there were constant 
refinements of the examination in an effort to in- 
crease its reliability and validity. An educational 
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consulting firm continued to work with the Direc- 
tors. Despite the large numbers of candidates, se- 
curity of examination materials and anonymity of 
candidates were maintained so that fairness pre- 
vailed. 


The year of required internship was dropped in 
1972. Resident education stabilized to include one 
year of general surgery and three years of otolaryn- 
gology, tə be served successfully in the United States 
or Canaca in approved programs. 


In order to meet the demands of the expanded 
and diverse fields of modern otolaryngology, new 
special requirements for resident education were 
approvec by the parent sponsors of the Residency 
Review Committee for Otolaryngology (American 
Medical Association, American College of Surgeons 
and the American Board of Otolaryngology). This 
meant that organized medicine was aware of and 
endorsed a much broader concept of otolaryngology 
than ever before. The American Board of Otolaryn- 
gology had already anticipated this endorsement 
and modified the certifying examination content 
during tae time when otolaryngology program di- 
rectors were making broad changes in resident ed- 
ucation. 


Items such as recertification and subcertification 
were discussed by the American Board of Otolaryn- 
gology on numerous occasions during this period. In 
fact, ad hoc committees of the Board have contin- 
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ued to study these items over the years. The Ameri- 
can Board of Medical Specialties, (established in 
1970 and formerly the Advisory Board for Medical 
Specialties) has been the forum for open discussions 
of these and other items by all the boards. During 
this same period the American Board of Otolaryn- 
gology was greatly concerned with upward spiral- 
ing costs, increasing numbers of serious legal mat- 
ters, the ongoing relationship of otolaryngology 
diplomates to the Board and the regulatory mech- 
anisms contemplated by government in the certifi- 
cation process. 


The American Board of Medical Specialties is a 
sponsor parent of the Accreditation Council on 
Graduate Medical Education, the Accreditation 
Council on Continuing Medical Education and the 
Liaison Council on Medical Education. Since the 
American Board of Otolaryngology is a member of 
the American Board of Medical Specialties it was 
and is represented throughout the hierarchy of 
organized medicine via this channel. 


Toward the latter part of this decade, the Ameri- 
can Board of Otolaryngology and the Residency 
Review Committee announced that on July 1, 1981, 
resident education would be lengthened to five 
years to meet requirements for primary certifica- 
tion. In preliminary studies, it had been discovered 
that two thirds of resident education programs were 
already requiring a fifth year and a few, six years. 
One year of surgery and three years of otolaryngol- 
ogy in resident education is to be served in programs 
approved by the Accreditation Council of Graduate 
Medical Education in the United States or the ap- 
propriate medical authority in Canada. The addi- 
tional year can be flexible and must be served in an 
approved resident program also in the United States 
or Canada, and cannot be served as the fifth year of 
residency since this fifth year must be spent as a 
senior or chief resident in otolaryngology. 


The five years of resident education to meet re- 
quirements for primary certification will go far 
toward clarifying the issue of subcertification in 
head and neck oncology, regional plastic and recon- 
structive surgery and allergy and immunology. 
Trends in organized medicine indicate cooperation 
among medical and surgical specialty groups which 
will lead to combined efforts of various interested 
parties to subcertify jointly in areas of mutual in- 
terest. 


During the 1970s, 2,896 certificates were issued 
by the Board, an average of 289 per year. In this 
10-year period, 575 more certificates were issued 
than in the previous 20 years (2,321 certificates 
were issued from 1950 to 1969). It was only in the 
early years after incorporation that the Board issued 
relatively large numbers of certificates in a short 
period of time due to the existing “grandfather 
clause” then in effect. As of December 31, 1979, 
9,615 certificates had been issued by the Board: 
4,398 in its first 25 years and 5,217 in the next 30 
years. Since its incorporation 90 Directors served on 


the Board through 1979. 


In closing, it would be well to recall the 50th An- 
niversary of the Board which was celebrated in No- 
vember 1974.°-'? On this occasion it was pointed out 
that otolaryngology had become a dynamic force 
among the medical and surgical specialties as well 
as throughout medicine. The lean earlier years were 
over. 


During the 55 years in which the American Board 
of Otolaryngology has issued certificates, it made 
every effort to improve the validity of the certifying 
examination. The examination more than ever re- 
flects the broad content of otolaryngology and 
evaluates all candidates in a uniform and standard 
manner. 
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Jack Urban worked on the cochlear implant almest from its inception, and remained active 
as a consultant until his death last year. 


The implant project started slowly in the early 1250s with electrical stimulation of the inner 
ear during stapes and chronic ear surgery being performed under local anesthetic. A few deaf pa- 
tients were then tested with electrical stimulation of the promontory through the stapes approach. 
Jack and I were both excited by what we learned, and Jack began producing electrode configura- 
tions for insertion in temporal bones through differeat approaches. This was followed by con- 
struction of hard-wire buttons that Jack ingeniously cesigned and fabricated in his shop. 


Finally, we implanted three patients with hard-wire multiple-electrode systems. This started 
a series of trials and disappointments that required building and rebuilding. We spent endless 
hours trying various electrical inputs. We would try sme sophisticated device, only to have the 
patient tell us it was just so muca noise. Jack never s2med discouraged. He only talked of what 
was learned and what we would try next. After two years of many evening sessions, a wearable 
device was constructed. Over these past ten years, ħe device was not fundamentally changed 
from Jack’s original design. 


In the early years, funding for the project was v2ry sparse, and Jack Urban devoted his time 
and the facilities of his company at no charge. Threagh all of this, I came to appreciate Jack's 
deep religious feelings, his orientation toward the vas- unknowns of biology and medicine, and his 
devotion to helping his fellow man. It is my sincer> hope that his contributions will never be 
forgotten. 


William F. House, MD 
March 1982 


~l 


ACKNOWLEDGMENTS 


Preparation of this supplement was supported by the Commonwealth Foundation, New 


of York, and assistance in the publication was provided by Union Pacific Foundation, New York. 


. Significant gifts in direct support of the research came from Mrs. Thurmond Clarke, 
A Beach, Calif.; Mrs. Lillian Disney, Los Angeles; and Mr. George Eccles, Salt Lake City. 


=- Major grants were provided by the following: The Ahmanson Foundation, Los Angeles; The 


‘Albertson Foundation, Los Angeles; C.H.E.A.R., Inc., Yonkers, NY; Charles E. Culpepper 


- Foundation, Inc., New York; The Fluor Foundation, Irvine, Calif.; The Daniel and Florence 
= Guggenheim Foundation, New York; Hollywood Turf Club Associated Charities, Inc., In- 


glewood, Calif.; W.M. Keck Foundation, Los Angeles; The Robert J. Kleberg, Jr, and Helen C. 
Kleberg Foundation, San Antonio, Tex.; and Harry G. Steele Foundation, Newport Beach, Calif. 


The following otologists and audiolozists are coinvestigators with the House Ear Institute who 
have implanted one or more patients ea2h. They have spent many hours in their own right collect- 
ing data and filling out data forms. Much of the data presented in this supplement comes from 


-~ these coinvestigators: Pedro Albernaz, MD; Marlene Albernaz; H.A. Ted Bailey, Jr, MD; James 


Pappas, MD; Sharon Graham, MS; Michael E. Glasscock TJ, MD; Susan Logan, MA; Anne 
Forest Josey, MS; J.V.D. Hough, MD; Kathy Waterfall, MS; Larry Englemann, MS; Tomokazu 
Kamio, MD; Sam E. Kinney, MD; Denise Caferelli, MS; Charles M. Luetje, MD; Donald 
Lawrence, PhD; H. Edward Maddox III, MD; Todd Porter, MA; Michelle Lynn, MS; Charles 
Mangham, Jr, MD; Patricia Burnett, MS; Brian McCabe, MD; Bruce Gantz, MD; Mary Lowder, 
MA; G. Tom McMurry, MD; Barbara Eisenmenger, MA; William L. Meyerhoff, MD; Christine 
Painter, MA; Robert Mischke, MD; Tim Campos, MA; Richard T. Miyamoto, MD; Jon Shallop, 
PhD; Molly Pope, MAT; Marjorie Kierle, M Ed; Fred Owens, MD; Asher Wolfe, PhD; Jorge A. 
Schwartzman, MD; Viviana Wilkinson, PhD; Fred T. Shaia, MD; Nancy Lambdin, MA; James 
B. Snow, Jr., MD; James Hall, PhD. 


We would also like to thank Linda Dal Soglio, MA; Nancy Ogulnick, MS; and Bonnie Baehr, 
MA; audiologists at the Otologic Medical Group who performed the preoperative evaluations on 
many of our patients; and Kenneth Brookler, MD, and his staff who have provided follow-up care 
and data for several of our patients. 


Additionally, we would like to acknowledge Bonnie Gill, Julia Graham, Leticia Rodriguez, 
and Ron Charbonneau, who spent many hours typing manuscripts or helping with the prepara- 
tion of this supplement in other ways. =d Zilberts, MA, did an outstanding job in preparing the 
medical illustrations and figures. 


PREFACE 


The articles in this supplement are summaries cf the vast amounts of data collected over 
many years and uncountable hours of staff and patiex time. One of the papers was completed 
nearly two years ago, and another more than a year aga. They were held for publication with this 
supplement because we wanted to present a comprehensive view of our cochlear implant research 
in a manner easily accessible to the reader. 


The articles have been divided into two secticas, one dealing with the single-electrode 
cochlear implant currently undergoing clinical trials, and a second presenting research with ex- 
perimental systems. Papers in this supplement include æ brief overview of the implant program, a 
detailed discussion of the surgical technique, engiteering aspects of the device, results of 
audiological and psychological studies, a vestibular tudy, clinical results with special patient 
populations, risks and benefits in cochlear implantation and studies of three different experimen- 
tal systems for electrical stimulation of the auditory pathways. 


The reader will find that a variety of terms hewe been employed when referring to the 
cochlear implant system we use at the House Ear Institute. Single-electrode induction coil 
cochlear implant, single-channel implant, House-Urbam implant, House implant, and 16 kHz AM 
system all refer to the same device. 


In this supplement, acoustic sound intensity has been expressed in decibels sound pressure 
level (re: .0002 dyne/cm?). This method of data presencation was selected since at the present time 
there is no general agreement as tc the values that should be used to convert minimal audible field 
data to equivalent earphone hearing threshold levels “HTLs). Factors such as the orientation of 
the measuring microphone, the azimuth of the ear relative to the speaker, the acoustic 
characteristics of the test environment, the type of stimulus used, and monaural versus binaural 
stimulation must be considered before a standard car be provided. However, for those readers 
who desire a general indication of the relationship between the minimal audible field warbled 
tone thresholds and earphone thresholds, we presert the clinical standard for warbled tone 
thresholds proposed by Morgan, Dirks, and Bower:’ 


Test Frequency (Hz) 250 500 1000 2000 4000 
dB correction* 15.0 11.5 8.0 2.5 2.5 
*Subtract from sound field warbled tone thresholds to estimate equivale: tearing threshold levels. 
The correction factor for speech signals delivered at a 0° azimuth is approximately 16.5 dB.’ 
Thus, subtraction of 16.5 dB from the sound field spezeh thresholds should yield an approxima- 
tion to the earphone HTL. 


The House Ear Institute cochlear implant prograra has been an ongoing endeavor for over 20 
years. The implant must now be considered a practical clinical alternative for the profoundly deaf 
patient. However, we are still in the pioneering phase and much work remains to maximize the 
potential of implantable auditory prostheses. 
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THE COCHLEAR IMPLANT PROGRAM: AN OVERVIEW 


KAREN I. BERLINER, PhD 


WILLIAM F. HOUSE, MD 


The single-electrode cochlear implant used at the House Ear Institute is amdergoing clinical trials under Food and Drug Administra- 
tion regulations governing medical devices. The program involves selection az c evaluation of suitable subjects, surgery, basic guidance or 
training in implant use, and regular follow-up. As of November 1, 1981, 199 -eaf subjects have had cochlear implant surgery. They range 
in age from 3.5 to 75 years old. Subjects with a wide variety of etiologies hav= been successfully implanted. The vast majority use their 
device on a daily basis, and subjects as a group have received more than 800,000 hours of electrical stimulation. Fifteen other otologists in 
the United States have implanted one or more subjects as coinvestigators in tss clinical trials program. The otologists and their implant 
teams are trained by the House Ear Institute. Results indicate that the imp ant program can be performed adequately in a variety of 


clinical settings. 


It is now more than two decades since the first 
reports that a deaf subject had been implanted with 
a coil and electrodes for the purpose of electrically 
stimulating the auditory nerve.’ Auditory sensation 
through electrical stimulation seemed to promise 
hope for those with a profound sensorineural hear- 
ing loss. 


In recent years, the amount of research on coch- 
lear implants has increased dramatically. Although 
work at the House Ear Institute (HEI) on implants 
began as early as 1961, the bulk of research has oc- 
curred just since 1973. In that year, a comprehen- 
sive, multidisciplinary program was launched to 
study the single-electrode induction coi. cochlear 
implant. 


A monograph supplement detailing the work at 
HEI through 1975 has been published previously.” 
Most aspects of the implant program, inc_uding the 
selection and evaluation of subjects, surgery, reha- 
bilitation, and follow-up evaluations have not 
changed greatly, nor have the basic electronic con- 
cepts of the implanted device and external stimu- 
lator. However, in all of these areas there has been 
continued development, modification, and refine- 
ment. Changes have been made in evaluation bat- 
teries, and new research areas have been ap- 
proached. 


Other papers in this supplement present specific 
information from each of the disciplines involved in 
the program, including otology, audiology, psy- 
chology, and engineering. An overview cf the pro- 
gram is presented here, followed by an update on 
the current status of subjects who have received the 
single-electrode cochlear implant. 


DESCRIPTION OF IMPLANT 


The implant system is pictured in the figure. A 
microphone, usually mounted at ear level, picks up 
acoustic stimuli and transmits them to a stimulator 
unit. The stimulator processes the signal and then 
transmits it to an induction coil worn externally and 
placed directly over an implanted coil. The signal is 
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magnetically induced across the skin barrier to the 
inte-aal coil where it flows down an electrode that 
has æen placed through the round window and in- 
to the scala tympani. Current flows between the ac- 
tive electrode and a second or ground electrode 
placed into the eustachian tube, stimulating re- 
mahing nerve fibers and producing a sensation of 
sourd. Details of the design and functioning of the 
imp ant can be found in Danley and Fretz.? 


SELZCTION AND EVALUATION OF SUBJECTS 


Sa jects are selected for the implant procedure 
on the basis of medical, audiological, and psycho- 
logical criteria. Many of the evaluative procedures 
are repeated at specified intervals to measure 
chaages that may occur with use of the implant. 


Medical. The medical evaluation includes history 
and physical examination, electronystagmography, 
x-ræ films, and promontory response to electrical 
stinadation. The Promontory Response to Electrical 
Stim ulation test is used to determine whether the 
candidate has a sensory loss with at least some 
neural elements intact.* In the past, only subjects 
whc responded to electrical stimulation at the pro- 
mortory of the cochlea with a sensation of sound 
and at voltages below the threshold of pain were 
furtaer considered as candidates for an implant. 
However, experience has shown that the promon- 
tory test is highly variable, depending on placement 
of tae electrode and other factors. Further, some 
subjeets who do not stimulate at the promontory 
may, in fact, have a response to an intracochlear 
elec mde. The vast majority of subjects with pro- 
fourc sensorineural deafness do have a positive 
promontory test. A subject who does not stimulate 
wou d be counseled appropriately and given the op- 
tion to proceed with the implant. 


X may films are studied with attention to the basal 
coil. Bone formation in the scala does not necessari- 
ly e:clude a subject from having the implant sur- 
gery. However, such a case may require drilling as 
far -s possible and then placing a shortened elec- 
trode into the cochlea. In these cases, results may be 
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successful for one subject, and yet not for another. 
Again, the subject is counseled regarding this situa- 
tion. X-ray studies are repeated after surgery to 
document placement of the electrodes, the presence 
of kinks in the electrodes, and so on. 


Hearing and Speech. Subjects being evaluated for 
the implant program undergo audiological testing, 
and speechreading and voice production assess- 
ments. Audiological testing is used to select subjects 
who are profoundly deaf. More than 50% of the 
subjects who have received the implant had no un- 
aided responses to the limit of the audiometer for 
the speech frequencies.*° 


In addition, performance with a hearing aid is 
evaluated on a number of discrimination tasks that 
include speech stimuli and environmental sounds. 
The subject’s performance on these tests is com- 
pared to that achieved by subjects using a cochlear 
implant. If the prospective candidate scores as well 
with a hearing aid as implant users score, it is 
strongly recommended that he or she forego the im- 
plant and use a hearing aid. The audiologically 
poorer of the two ears is always chosen for implan- 
tation, so that the ear that uses an aid the best or is 
most preferred by the subject for hearing aid use is 
not implanted (even if no aid is currently being 
used). 


SINGLE-ELECTRODE COCHLEAR IMPLANT PATIENTS* 


Late Loss Early Loss Total 
Users 120 28 148 
Nonusers 12 5 17 
In process 19 1 20 
Device failure l 9 
Deceased 5 0 5 
164 35 199 


*November 1, 1981. 
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Speechreading and voice production assessments 
as well as further audiological testing may be per- 
formed prior to implant surgery. Testing is carried 
out both unaided and with an appropriate hearing 
aid. Test procedures are repeated at follow-up in- 
tervals with the implant. See Thielemeir et al‘ for a 
detailed discussion of the audiological procedures 
and results. 


Psychology. As part of the selection and evalua- 
tion process, prospective implant candidates are 
psychologically assessed using interviews, tests, and 
questionnaires to measure cognitive, neuropsycho- 
logical and personality functions. They should dem- 
onstrate no evidence of severe organic brain impair- 
ment, no evidence of psychosis, no mental retarda- 
tion, no unremitting unrealistic expectations, and 
no personality traits that would markedly decrease 
their probability of completing the program. 


The psychological battery is also repeated at reg- 
ular follow-up intervals in order to monitor the sub- 
ject and measure any changes in psychological func- 
tioning that may occur with use of the implant. Psy- 
chological test results and clinical findings are de- 
tailed in Crary et al’ and Wexler et al.® 


Subject Counseling. The decision to implant a 
particular subject goes beyond test results. The sub- 
ject must decide that he or she wants to have this 
surgical procedure, to wear a rather large and 
bulky instrument, and to spend time learning how 
to use what will not be normal hearing. To this end 
every effort is made to insure that the subject under- 
stands the benefits and the limitations of the single- 
electrode cochlear implant, and that the expecta- 
tions for the implant are realistic. The subject is 
given written materials answering commonly asked 
questions about the implant, meets with implant 
staff to discuss the pros and cons in relation to his or 
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her own needs, and, finally, meets with a previous- 
ly implanted subject to ask questions of an exper- 
ienced implant user. 


SURGERY 


With the subject under general anesthesia, an in- 
cision is made behind the ear and a mastoidectomy 
is performed. A circular seat is drilled ir the tem- 
poral bone above and behind the ear to secure the 
magnetic induction coil in place. The greund elec- 
trode is placed into the attic and down into the 
opening of the eustachian tube. The active elec- 
trode is led down through the facial recess. The 
round window lip is removed, the membrane lifted 
out of its sulcus, and the active electrode inserted 
into the scala tympani for a distance of about 14 
mm. This places the ball tip of the electrede a little 
less than half-way around the basal turr with the 
uninsulated portion of the electrode lying along the 
higher frequency regions. Following inser-ion of the 
electrode, the round window membrane is replaced 
and fibrous tissue is placed around the electrode to 
promote sealing. The postauricular opering is su- 
tured. About two months are allowed fer healing 
before beginning electrical stimulation. A detailed 
description of the surgical procedure can be found 
in House.’ 


REHABILITATION 


After the healing period the subject is ready to 
begin the rehabilitation program. Primary empha- 
sis initially is on “basic guidance”: teaching the sub- 
ject how to handle the stimulator, fitting the coil 
holder so that the transmission between external 
and internal coils is strong, adjusting the electronic 
settings of the stimulator for the individual, and 
beginning training in critical listening wi-h the im- 
plant. Subjects receive approximately 25-30 hours 
of training in implant use during individual sessions 
at HEI as well as having home lessons aad assign- 
ments to complete. 


Intensive therapy for development cf specific 
skills may be offered on an individual basis accord- 
ing to each subject’s need. Continuing guidance and 
support after the primary training period is pro- 
vided by regular mail contact for the first few 
months, and occasional mail contact and visits to 
HEI thereafter. Long-term follow-up care con- 
tinues as necessary. (Subjects are seen on an annual 
basis for retesting.) 


SUBJECTS 


Description. As of November 1, 1981. 199 deaf 
subjects have undergone surgery to receive a single- 
electrode cochlear implant. The surgeries were per- 
formed by William F. House, MD, and other otol- 
ogists working as coinvestigators with the HEI 
cochlear implant program. 


The subjects ranged in age at time cf implant 
from 3.5 to 75 years old, with a mean of approxi- 


mately 45 years. There are 108 males and 91 fe- 
males. The age at onset of a profound hearing loss 
varied from birth to 64 years old, with a mean age 
of onset of 30 years. The subjects had experienced 
profound deafness for an average of 15 years prior 
to reeeiving the implant. One subject had had a 
profound loss for only six months prior to receiving 
the implant, while another had been profoundly 
dea: for almost 50 years. 


A wide variety of etiologies have been found suit- 
able tor cochlear implantation. The most common- 
ly oeeurring causes of deafness in the subjects who 
have had the cochlear implant are otosclerosis 
(20S), meningitis (15%), unknown (14%) and oto- 
toxie 11%). The remaining cases included Menieére’s 
disease, congenital lues, trauma, rubella, and Usher 
syncrome, among others. 


L ttle relationship has been found between years 
of deafness and auditory performance with the im- 
plant ° Etiology also does not appear to be a major 
factor, although statistical analyses do show some 
rela ienship of etiology to implant performance. 
For example, the otosclerosis patients tend to have 
better auditory thresholds with the implant at 1000 
and 2000 Hz than other etiologies. This difference 
led *c a statistically significant analysis of variance 
effeet of etiology on threshold for those two fre- 
queaeies (p<.0025 and px.001, respectively). 
The-e was also a tendency for patients with men- 
ingi is and deafness of unknown etiology to perform 
mor= poorly than ototoxic and otosclerotic patients 
on ciscrimination tasks. However, there was con- 
side-able overlap in the distributions, and 
min mum and maximum scores were similar for all 
groups. Thus, etiology does not seem to be a major 
precictor of implant performance. 


Status. The current status of subjects with an 
HEI single-electrode cochlear implant is presented 
in thetable. HEI’s own series of cases, implanted by 
House, includes 98 subjects. Coinvestigators work- 
ing m conjunction with HEI have implanted an ad- 
diticnal 101 subjects. Subjects have been grouped 
accarding to age of onset of their profound hearing 
loss. Subjects suffering a profound loss at or prior to 
age 5 have been listed as “early childhood” losses. 
Some of these may have congenital or prelingual 
losses. The majority of subjects for an implant have 
post imgual losses that occurred in at least late 
childhood and more often in adulthood. 


Te implant subjects have been classified with re- 
spec to how much they use their implants. Those 
whe use their device on a regular basis, usually 
every day, are considered “users.” Those who have 
chosa to use their implants only sporadically or not 
at al are termed “nonusers.” Some subjects cannot 
use their implant because the internal device has 
failed due to a wire breakage, leakage of fluid into 
the coil, etc. These failures can be corrected by 
repBeing the failed coil and electrodes with a new 
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system, under a local anesthetic. Also classified as 
“device failure” would be cases that do not stimu- 
late well for physiological reasons. For example, 
two recent HEI subjects were found on x-ray studies 
to have bone growth in the lower basal turn of the 
cochlea. They were informed that placement of the 
implant electrode could be attempted but might or 
might not yield satisfactory results. Both chose to 
have the procedure. In one, electrical stimulation 
was successful. In the other, the bone was apparent- 
_ ly too dense to allow flow of the electric current, 
and this subjéct could not be stimulated within ac- 
ceptable voltage limits. 


Subjects are categorized as “in process” if they are 
within the 2-month period following completion of 
the basic guidance rehabilitation program. It is felt 
that classification prior to that time is premature. A 
subject may be wearing the stimulator every day 
during the rehabilitation period because he or she is 
being seen at HEI every day but might go home and 
discontinue daily use. On the other hand, a subject 
may require a period of experience before deciding 
to use the implant regularly. Thus, judgment on the 
subject’s status as an implant user is delayed until 
after an interval of experience. Five implanted sub- 
jects are now deceased. One died before receiving 
an external stimulator and therefore had never used 
the implant. 


As shown in the table, the vast majority of coch- 
lear implant subjects use their prostheses regularly. 
Most use them all day long, every day. In total, sub- 
jects have received approximately 800,000 hours of 
electrical stimulation. The longest-term user has 
been wearing an implant daily for nine years. There 
have been almost no measurable adverse effects, 
and the implant has clearly been of significant ben- 
efit to these subjects. The risks and benefits of coch- 
lear implantation are discussed fully in Berliner. '° 


CLINICAL TRIALS PROGRAM 


The single-electrode cochlear implant used by 
HEI is undergoing clinical trials under the FDA 


regulations governing investigational medical de- 
vices. Fifteen other otologists in the United States 
have implanted one or more subjects as coinvesti- 
gators with HEI in the clinical trials program. 
These otologists and their implant teams are trained 
by HEI and provided with detailed manuals on all 
aspects of the program.'!-'4 


Each coinvestigator is required to bring his or her 
first patient to Los Angeles, where the surgery is 
performed under the supervision of House. The co- 
investigator's audiologist must come to HEI to ob- 
serve the preoperative audiological evaluation pro- 
cedures and be trained in the use of the implant 
equipment. After the healing period, the basic guid- 
ance program is performed with the subject by one 
of the HEI staff, and the coinvestigator staff ob- 
serves the process. Thereafter, each coinvestigator 
team evaluates, implants, and trains subjects using 
the procedures specified by HEI. 


Data forms are provided by HEI, and all coinves- 
tigators are required to report subject data using 
these forms. In this way, all coinvestigators perform 
the same test procedures and report results in a 
standardized fashion. HEI has developed interac- 
tive data entry programs for entering all cochlear 
implant data into a computer for storage, retrieval. 
and analysis. 


The clinical trials program is directed toward 
gathering safety and efficacy information on the 
single-electrode cochlear implant. The coinvesti- 
gators enlarge the data pool as well as making the 
implant available closer to home for those patients 
who might be suitable candidates. An important re- 
sult of this program is the finding that the implant 
procedure is clinically feasible and can be per- 
formed adequately in a variety of clinical settings. 
Although it is not a cost effective procedure for the 
otologist in clinical practice, the implant program 
allows the clinician to offer something to patients he 
or she has not been able to help in the past. 
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SURGICAL CONSIDERATIONS IN CCCHLEAR IMPLANTATION 


WILLIAM F. HOUSE, MD 


A detailed description of the surgical technique for the single-electrode echlear implant is presented. Principles of implant surgery, 
techniques for revision of failed devices, and postoperative complications are also discussed. 


Twenty years of experience with cochlear im- 
plants has taught us a number of principles regard- 
ing surgery and long-term use and tolerance of these 
devices. This paper is a summary of my present 
thinking regarding cochlear implant surgery. 


PRINCIPLES OF IMPLANT SURGERY 


The surgical problem simply stated is how do we 
implant a device capable of introducing electrical 
fields close enough to remaining cochlear nerve 
fibers so that they will diseharge in complex enough 
patterns to result in meaningful sounc? In this 
paper I will not discuss the questions relating to 
numbers of electrodes and types of electrical stimu- 
lation, but confine the discussion to surgical 
methods of introducing electrodes and passing elec- 
trical potentials through these electrodes. 


Electrodes capable of introducing electrical fields 
that discharge cochlear nerve fibers can be placed 
outside the otic capsule in the middle ear, in the 
cochlear fluids, in the modiolus (Rosenthal canal), 
the eighth nerve trunk, and at the ventral cochlear 
nucleus where the eighth nerve fibers synapse with 
the nuclear cells on a one-to-one basis. 


All of these placements except electrodes along 
the eighth nerve in the internal auditory canal or 
cerebellopontine angle have been tried and re- 
ported clinically.'-* So far, the most successful elec- 
trode placements have been the electrodes in the in- 
tracochlear fluids. If the cochlea or eighth nerve has 
been destroyed, then ventral cochlear nucleus elec- 
trodes are possible.* 


Electrodes have been introduced into the coch- 
lear fluids by pushing them into the scala tympani 
through the round window area, or through holes 
drilled through the otic capsule into the various 
turns of the cochlea. In general, the larger the area 
of exposed electrode surface in the fluids, the lower 
the electrode impedance and the less the current 
density adjacent to the electrode. The higher the 
current density, the greater the likelihocd of local 
tissue damage. 


Electrode arrays have been inserted as far as 24 
mm into the scala tympani through the round win- 
dow. This is the length of the basal turn of the 
cochlea (24 mm out of a total of 35 mm length of the 


scala and includes the frequency areas from 1500 
to 20° 000 Hz. . 


Maltiple holes can be drilled through the otic 
capsule and electrodes inserted into the various 
scalze. At House Ear Institute (HEI) we have pres- 
ently a patient with a 14 mm electrode inserted into 
the seala tympani, an electrode inserted into the se- 
cond turn of the cochlea, and an electrode inserted 
into the helicotrema. The details of this surgical 
procedure and the results of the multiple-electrode 
stimulation are reported elsewhere.* 


In addition to the electrode placement considera- 
tions there is the problem of how best to introduce 
the electrical potentials to the electrodes. 


Hard-wired methods refer to bringing the wires 
threugh the skin to various types of plugs that can 
be attached to external potential sources. At HEI, 
whenever any new electrode system has been tried, 
hard-wire systems have been used so that the varia- 
bles of across-the-skin transmission of the electric 
signals are eliminated. Experience with these hard- 
wire systems has shown remarkable tolerance in 
some cases. Our first hard-wire patient in 1969 used 
such a system in one ear for seven years. However, 
anozaer patient developed loosening of the button 
and infection that required removal after six weeks 
of experimentation. Hard-wire systems, therefore, are 
not sable for long-term use in large numbers of pa- 
tients. 


There are a number of possible ways to transmit 
electrical potentials across the skin. Among these 
are electromagnetic induction, radio frequency 
tramsmission, and infrared transmission. At HEI we 
haveexperimented with each of these. Each has its 
advantages and disadvantages. The system that has 
proven the most practical to date has been elec- 
tromagnetic transmission. 


The principal problems have been the approxi- 
mat=y 10 to 1 loss of power in transfer across the 
skin and the problem of keeping the internal coil 
and the external coil aligned for adequate power 
transmission. The greater the distance between in- 
ternal and external coil the more the power loss. 
Therefore, surgically we have attempted to keep the 
scal> over the internal coil as thin as possible, yet 
with adequate blood supply. The alignment prob- 
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lem has been greatly helped by the use of magnets to 
keep the internal and external coil aligned and by 
well-designed brackets to fit the external coil to 
glasses frames. Various head bands, tapes and skin 
* glues. have not proven satisfactory except in a few 
CASES.. 


In general, a cochlear implant consists of a 
system for transmission of electrical potential across 
the skin, wires to lead the potentials to the inner 
ear, and electrodes to create electrical fields that 
‘stimulate cochlear nerve discharges. 


The basic surgical problem is to introduce this 
hardware into the temporal bone and have it func- 
... tion over a lifetime without rejection. 


Our long-term clinical experience to date in- 
“dicates that this is possible. A basic principle in this 
surgical tolerance has emerged. This is simply that 
all hardware must be kept as far away from skin 
surfaces as possible, consistent with function. 


In the case of the imbedded electromagnetiz coil 
we want it as close to the skin surface as possible in 
order to increase electrical efficiency. However, if 
the blood supply to the dermis of the scalp is -nter- 
fered with by thinning the skin too much during 
surgical placement or placing the incision too close 
to the coil, rejection and infection could result. 
Also, too much pressure of the external coil an the 
internal coil could collapse the vessels in the inter- 
posed dermis between the coils and skin with result- 
ing necrosis. To date, these potential problems have 
been satisfactorily avoided. In two cases the intern- 
al coils have become exposed, apparently due to the 
coil edge being too close to the incision. In each case 
surgical revision has corrected the problem. 


The wires leading from the internal coil to the 
cochlear electrodes should be placed through the 
mastoid and facial recess to keep them as far away 
from skin surfaces as possible. Putting a groove 
down the posterior aspect of the external auditory 
canal and running the wires in the groove is very 
likely to result in infection and rejection. The prob- 
lem is that the thin skin of the external auditory 
canal retracts onto the wire and the slightest trauma 
or crusting abrades the skin and allows infectcon to 
start. This infection cannot be controlled in the 
presence of the foreign body wires. Likewise, tech- 
niques that create a mastoid cavity are unstable 
since the skin lining the bow] is likely to retract over 
the wires passing through the cavity and become 
eroded and infected. 


I have implanted several patients who have pre- 
sented with radical mastoid cavities. To get the 
wires as far away from the skin as possible I have 
put bone pate over the wires and under the skim lin- 
ing. This has proved satisfactory so far, but clinical 
experience with mastoid obliteration techniques has 
taught me that 5-year follow-up will be requi-ed to 
eventually assess the success of this technique. 


COCHLEAR IMPLANTS IN CHILDREN. 


At HEI our youngest implant patient to date is 
3! years old. The surgical result with this child has 
indicated that cochlear implants during the third 
vear of life (24-36 months) are feasible. It is well 
documented that the cochlea is adult size at birth 
and, in general, the middle ear, eardrum, and os- 
sicles are also adult size. Surgical dissection of skulls 
from newborn through age 48 months indicate that 
by 24 months the facial recess is adult size and the 
mastoid antrum and air cells are well developed. 
The squamous part of the mastoid bone, however, 
is small and only 2-3 mm thick. The scalp is still 
thin, but small internal coils have been tolerated 
well over this area. The electrode and wire place- 
ment is similar to adult surgery. The electrode wires 
have enough length that they can tolerate the in- 
crease in height and width of the skull without pull- 
ing the active electrode out of the scala tympani. 


SURGICAL TECHNIQUE OF THE 
SINGLE-ELECTRODE COCHLEAR IMPLANT 

The surgical technique of the cochlear implant 
zelies on the techniques developed for intact canal 
wall facial recess approaches that I developed dur- 
ing the late 1950s and early 1960s for chronic ear 
surgery. 


Continuous irrigation suction and diamond stone 
drills are essential. Surgeons who have mastered . 
these techniques need, in addition, to study the * 
relationships of the round window niche and basal 


` coil (especially the hook area) to the facial recess. 


This must be done in the temporal bone dissection 
laboratory, and at the same time practice electrodes 
can be inserted into the scala tympani of the basal 
coil. 


The procedure starts with locating the position of 
the external coil above and behind the pinna. A 
dummy coil of the size and shape of the external coil 
is placed on the skin before distortion of the tissues 
with local anesthetic. The placement of the external 
zoil should be as close to the pinna.as possible with- 
out touching it. Postoperatively, if the external coil 
touches the pinna it will cause a pressure sore. The 
position of the internal coil must then be established 


. 30 that it will be directly under the external coil. 


This is accomplished by pushing a slender sharp 
drill through the center of the dummy external coil, 
and a small hole is drilled in the squamous part of 
the temporal bone (Fig. 1). 


The postauricular scalp is infiltrated with Xylo- 
caine and 1/100,000 adrenalin and a large postauri- 
cular incision is made. The incision should be 1 cm 
wide of the external-internal coil edge (Fig. 2). 
Making this large incision outside the position of the 
internal coil minimizes any damage to the superfi- 
cial temporal vessel supply to the skin of the area. 
The lower pole of the incision likewise should not be 
brought in too close to the postauricular crease since 
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Fig. 1. Marking position for placement of internal coil 
by use of dummy external coil. 


it is not desirable to cut across the branches of the 
occipital artery that also suppy the postauricular 
scalp. 


The postauricular flap is then elevated forward. 
The avascular plane between the scalp and the tem- 
poralis muscle is developed and the periosteum over 
the mastoid below the linia temporalis is elevated 
using a Lempert periosteal elevator. Tne flap is 
developed forward to the spine of Henle. One 
should not cut between the periosteum and the 
scalp as this only diminishes the blood supply and 
does not increase access. 


Retractors are placed and a large piece of tem- 
poralis muscle is removed over the squamous part of 
the temporal bone. Removing this muscle allows a 
better seating of the internal coil; postoperatively 
the scalp heals down against the bone around the 
internal coil, thus making it easy to palpate and 
minimizing the thickness of the scalp over the inter- 


nal coil. 


Removing the temporalis muscle also brings into 
view the small drill hole that was made through the 
center of the dummy external coil at the beginning 





Fig. 2. Large postauricular incision 1 cm wde of the 
edge of the internal coil. 


Fig. 3. Butterfly burr (reamer) forming seat for internal 
ceil 


of tne operation. This hole is enlarged and deep- 
ened to 4 mm (in adults) with a special drill that has 
a guard on it to prevent plunging through the bone 
inte the underlying dura and brain. Using a reamer 
that is the same size as the internal coil (I call this a 
buterfly burr) a seat is made in the bone to accept 
the nternal coil (Fig. 3). This seat accepts the inter- 
nal ceil, locates it properly on the bone and keeps 
the zeil from shifting out of place during the healing 
perd. The seat must be made at the proper plane 
so tae internal coil will be parallel to the scalp sur- 
face. 


Æ mastoidectomy is now done using conventional 
bur-s and irrigation suction techniques. The bone 
removal extends back to the sigmoid, but collapse of 
the swmoid is not required unless it is very far for- 
wad. The middle fossa plate is skeletonized, and 
the antrum and horizontal canal are located. The 
bone in the attic is removed enough so that the top 
of the incus can be clearly seen. I do not dislocate or 
remove the incus or other ossicles. The posterior 
borycanal wall is thinned as much as possible with- 
out exposing the overlying vascular strip skin. This 
is meeessary because in viewing the round window 
area the direction of vision is parallel to the external 
aucitory canal bone. 


Tie facial recess is now opened. The facial nerve 
is skeletonized at the mastoid genu, but effort is 
mace to avoid exposing the nerve sheath. Drill for- 
war to the chorda tympani. This is a good land- 
marx to the eardrum annulus since the chorda 
enters the middle ear at the annulus level. If the 
facial recess is very restricted, it is occasionally 
necessary to remove the chorda, but usually this is 
not mecessary for adequate visualization of the 
rouad window niche. 


Cnee the facial recess is opened, the lip of the 
rouad window niche is usually visible just inferior 
to tae stapedius tendon and head of the stapes. Us- 
ing a small diamond stone and intermittent irriga- 
tior, the lip of the niche is removed, and the round 
window membrane comes into clear view. 
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With a smaller diamond stone and small hooks an 
opening large enough to accept the ball of the active 
electrode is made just anterior to the annulus of the 
round window membrane. The surgeon must be ex- 
tremely careful not to have the diamond stone ro- 
tating when passing through the facial recess to the 
round window area. On one occasion, I had the ro- 
tating burr hit the anterior bone edge of the facial 
recess and bounce against the facial nerve. Fortun- 
ately, the facial nerve had not been exposed so no 
harm was done; but it scared me and warned me to 
be more careful. 


Occasionally the round window niche will be al- 
most hidden under the pyramidal process. In this 
case, one must drill forward thinning the premon- 
tory until the scala tympani is entered. This is not 
difficult provided you have done your homework 
with temporal bone dissection and thorough:y un- 
derstand how the basal coil curves from the -ound 
window forward along the base of the promontory. 


In 30 or 40% of cases, the round window niche and 
membrane will be replaced with new bone growth. 
This is especially true in otosclerosis and men:ngitis 
cases. Careful preoperative study of polytome x-ray 
films, properly made to show the basal coil and 
round window areas, will usually warn of this prob- 
lem. From these x-ray films the surgeon can usually 
determine how far forward along the basal coil he 
or she will have to drill. In some cases, this m ay be 
as much as 5 or 6 mm. Usually the new bone is 
white and can be demarcated from the surrounding 
otic capsule. Following this white plug of bone with 
the drill will eventually lead to the patent scala and 
an opening made to accept the active electrode. 


In one case, x-ray films showed almost total 
obliteration of the cochlea (except the apical turn) 
by bone following meningitis. As a trial I crilled 
forward 7 mm through the soft bone of the scala 
tympani. No true opening was made into a patent 
scala, but there seemed to be some perilymph 
moisture seeping through the porous bone. An elec- 
trode was placed in this 7 mm hole, and the patient 


Fig. 4. A) Making a tunnel hole 
for suture retention of internal 
coil. B) Placement of retention 
suture to hold internal coil in 
place. 


does get sound from stimulation. He wears the im- 
plant device on a full-time basis. 


The next step is the coil and electrode placement. 
On each side of the internal coil seat a small tunnel 
hole is made to accept a 4-0 silk suture (Fig. 4A). 


The internal coil, which comes packaged sterile, 
is placed in the bony seat and sutured into place 
‘Fig. 4B). Once the coil is secured in place, the 
zround electrode, which is an exposed platinum 
wire, is placed into the attic superior to the tensor 
-endon and down into the protympanum (eustachi- 
an tube) (Fig. 5). 


The active electrode, which has a 0.5 mm ball on 
zhe end and wire exposed 14 mm to the silicone rub- 
der insulation is inserted into the opening in the 
scala tympani. To minimize damage to the basilar 
membrane, it is pushed in so that it follows the 
outer curve of the scala tympani. To do this the sur- 
zeon imagines he or she is directing the electrode in 
zhe direction of the patient’s nose (downward and 
-orward). The electrode is inserted so that the edge 
of the insulation is at the round window membrane 
and the entire exposed metal electrode is in the scala 
tympani (Fig. 5). When first starting with the sin- 
vle-electrode, we inserted it 24 mm, but we found it 
would occasionally kink and cause damage to the 
basilar membrane. We gradually have shortened 
the electrode to the present 14 mm. Experience has 
shown that probably even this length is not critical 
so we are considering further shortening to about 10 
mm. Fascia is packed around the active electrode at 
the round window. 


The operation is now complete except for skin 
closure. A word of caution: once the electrodes are 
dlaced, we feel it could be hazardous to use conven- 
tional cautery where the current flows from the ac- 
tive electrode through the body (path of least elec- 
trical resistance) to the large ground electrode 
under the patient. With this type of cautery, it is 
conceivable that part of this path of least electrical 
resistance could be the active or ground electrode. 
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For this reason, once the electrode is in place we use 
only bipolar cautery to control skin bleeders. 


Each surgeon has his own preference for skin su- 
turing of postauricular incisions. Mine is subcutic- 
ular 2-0 chronic catgut. Care is taken not to allow 
the needle to penetrate the silicone rubber covering 
of the internal coil. 


REVISION IMPLANT SURGERY 


Cochlear implant failures have occurred due to 
shorting of the internal coil. In this situation, usual- 
ly the patient noted complete loss of stimulation or 
intermittent stimulation followed by complete 
failure. In these cases a promontory test showed 
that the inner ear still was capable of being 
stimulated and tests of the external stimulator 
showed it to be functioning. The only possibility, 
therefore, was internal unit failure. Most of these 
failures occurred anywhere from 2 to 7 years after 
the original placement of the internal coil and elec- 
trodes. 


Patients with internal coil failures have undergone 
revision surgery under local anesthesia. The postau- 
ricular incision was again made and the entire elec- 
trode and internal coil system removed. A new coil 
and electrode system was placed. Fortunately there 
did not seem to be calcification of the scala tympani, 
so the new active electrode slipped in easily. 


Analysis of these removed units revealed that wa- 
ter vapor had penetrated the silicone rubber insula- 
tion, and shorts had developed, usually at solder 
joints or occasionally between the copper wire turns 
in the internal coil. Due to these findings, design 
changes such as sealing the internal coil with epoxy 
before silicone rubber encapsulation were made. 
This has definitely reduced the failure rate. 


Fig. 5. Active electrode in the 
basal coil. scala tympani. Insula- 
tion ends at the round window. 
Ground electrode (bare) placed in 
attic and eustachian tube. 


However, silicone rubber will transmit water vapor 
(no ather ions are apparently allowed to pass). As 
long as we cannot prevent water vapor transfer 
throagh the silicone rubber covering, failure will 
alweys be a possibility with this type of system. Use 
of a hermetically sealed container and of platinum 
rather than copper coils are being explored as a 
meaas to further reduce coil failures. 


Siace internal coil failures may never be com- 
pletely eliminated, I began looking at better meth- 
ods af internal device replacement. The electrodes 
remeved from temporal bones after several years of 
use were studied with electron microscopy to see if 
the -urfaces were pitted, indicating loss of metal 
due to electrolysis. No difference in surface ap- 
pearance between control unimplanted electrode 
wirss and those stimulated over long periods of time 
were noted.’ This finding indicated that once the 
eleetodes were in the cochlea and middle ear, they 
woud probably be stable for a lifetime. 


Tue surgical problem then became: how can the 
intemal coil be replaced without replacing the elec- 
trodes that had become stabilized in the inner ear? 
Twc possibilities were evident: 1) develop a discon- 
nect system that could be implanted, or 2) develop a 
way of connecting cut electrodes to new coil leads 
anc weinsulating them in surgery. The technology 
for Cisconnect-reconnect pacemakers was looked at 
anc ound to be too bulky for temporal bone opera- 
tions. Smaller systems developed by FB Simmons 
(personal communication, 1977) and by ITT Can- 
non Company also proved bulky and difficult to 
manipulate in the surgical situation. 


It was found that the platinum electrode wire 
could be connected to the internal coil lead by slip- 
ping a platinum tube over the end of each and 
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crimping the tube on the wire. The problem re- 


mained, however, of how to insulate this connec- 


- . tion from the surrounding tissue. This seems tc have 
: been solved by the use of bone wax. Bone wax is 
c` very impervious to transmission of water vapor.’ 


For this reason, then, at surgery bone wax is melted 


-and’.flowed around the exposed connection. We 


now. have two cases where this technique has been 
used to replace the internal coils that have been 
functioning for more than one year. Improved in- 
strumentation for this technique is now being 
developed by Spire Medical under the direct-on of 
S. Waldron. 


„a POSTOPERATIVE-COMPLICATIONS 


Fortunately; > ‘complications following implant 


. “surgery haye-sbeen remarkably low. Specifically, 


theré:have been no cases of meningitis, cerebrospin- 


al fid: leak, ‘middle ear infection, persistent un- 


steadiiiess, vertigo, facial nerve spasm, or facial pa- 
ralysis. There have been no adverse neurological or 
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psychological effects.” This includes the entire HEI 
and coinvestigator cases numbering 199. 


In this series there have been two cases of failure 
of primary healing over the implanted coil. One of 
these was corrected by a secondary skin flap pro- 
cedure. In the other case, the coil was disconnected 
and removed, leaving the electrodes in place for 
later placement of a new coil. Another case was 
noted to have persistent perilymph leak around the 
active electrode at the round window. The elec- 
trode was removed, and the leak closed. The pa- 
tient has subsequently had a successful implant in 
the other ear. 


SUMMARY 


Cochlear implants and cochlear implant surgery 
will continue to evolve. Principles and do’s and do 
not’s are beginning to emerge, and the next 20 years 
will undoubtedly see greater changes than the past 
20 years. 
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DESIGN AND FUNCTIONING OF THE 
SINGLE-ELECTRODE COCHLEAR IMPLANT 


MICHAEL J. DANLEY 


ROBERT J. FRETZ, MSEE, MSBME 


The single-electrode cochlear implant used by the House Ear Institute was first implanted in a patient in 1972; it is essentially this 
same device that is in use today. This paper presents a physical description o: tae major components of the device, as well as a discussion of 


the signal processing that occurs. 


In the early 1960s, an electrical system capable of 
stimulating the auditory nerve in profoundly deaf 
patients seemed feasible. At the House Ear Institute 
(then the Los Angeles Foundation of Otology), a 
major engineering thrust in this direction began 
when William F. House, MD, teamed up with an 
engineer, Jack Urban. They designed a multiple- 
electrode cochlear implant with a percutaneous 
plug that was first implanted in a human subject in 
1969. The hard-wire multiple-electrode system con- 
tained five active electrodes in the scala tympani 
and an extracochlear ground. Three subjects were 
implanted in 1969-1970, and extensive testing on 
one of these subjects led ultimately to the design of 
the current single-electrode system. 


Special equipment was built to stimulate the elec- 
trodes with analog signals; square, triangle, or sine 
waves; or an amplitude modulated carrier wave. 
The square wave could be changed to a pulse with a 
delay time of up to 7.5 ms from first to last elec- 
trode. A dual trace oscilloscope was used to monitor 
the signal, and enabled exact measurement and 
control of the stimulus to be fed to the implanted 
electrodes. Bandpass filters that could be adjusted 
for each electrode independently were used for 
some of the testing. During this early testing, no 
clear advantage was found for the use of multiple 
electrodes rather than a single active electrode. This 
finding simplified considerably the task of develop- 
ing a wearable stimulator unit. 


Thus, the development began on a single-elec- 
trode device that would not protrude through the 
skin and for which a take-home stimulator would 
be available. It was decided that a passive system 
which required neither a power source for the inter- 
nal components nor demodulation of the signal 
would be the simplest and most clinically efficient 
system. The single-electrode magnetic induction 
coil was designed. The system included the internal 
induction coil, a matching external coil for 
transmission through the skin, and the external 
electronics package. The idea of amplitude modu- 
lating a “carrier” had been explored earlier, and 16 
kHz was chosen for three reasons: 1) it was high 
enough to prevent foldover of the lower side band 


in an audio range already limited by the tuned `` 
circuitry to frequencies below ‘approximately 3 
kEz, 2) it allowed economical energy transfer, and 
3) experience indicated that subjects preferred the 
region above 12 kHz. i 


The House-Urban single-electrode induction coil 
cochlear implant was implanted in a patient in 
1972, Although numerous minor modifications 
hae occurred over time, it is essentially this same 
system that is in use today. Following is a physical 
description of the major components of the current 
deve and a discussion of the signal processing that 
occurs. 


PFYSICAL DESCRIPTION 


‘ternal Coil. The implanted device consists 
pr marily of three parts, the electromagnetic coil 
ari two platinum electrodes (Fig. 1). The elec- 
treces are used in a monopolar configuration with 
the active implanted in the scala tympani and the 
ground placed in the eustachian tube. The elec- 
treces are 99.9% pure platinum wire with a diam- 
eter of 0.008 inches (0.2 mm) and an 0.5 mm ball 
fo-rmed at the end. The total length of the active 
lead is 78 mm from the edge of the coil body to the 
bal end, with 15 mm left uninsulated to form the 
electrode. For the ground lead, the total length is 68 
ma with 53 mm left uninsulated to form the elec- 
træde. The platinum electrode wires are insulated 
with silicone rubber tubing. 


The implanted coil is wound on a Delrin plastic 
babbin (EI du Pont de Nemours and Co, Wilming- 
ton. Del) with 450 turns of 42 gauge copper wire in- 
su ated with a heavy Isonel coating (Schenectady 
Caemical, Inc, Schenectady, NY). A ferrite pot core 
is used in conjunction with the coil to direct and 
cancentrate the magnetic field from the external 
stamulator coil. The platinum electrode leads are 
cannected to the coil wires by way of a solder joint, 
arc the coil windings are impregnated with Epox- 
yl te (Epoxylite Corp, Anaheim, Cal) to fill the 
vcids between the coil turns and increase long-term 
re iability. A silicone rubber coating is used to cover 
th= outside ofthe coil-and the ferrite core so that the 
im plantable/device is totally encapsulated. The sili- 


22 





jin i] ITT aii T E TETT 
wa g g AgS 60 7O 80 


0 F 
t MILLIMETERS 


cone coating on the outside of the ferrite core is ap- 
proximately 0.64 mm thick which allows a totel de- 
vice dimension of 15.5 mm diameter and 6.1 mm 
thickness. The electrical properties of the coil ex- 
hibit an inductance of 6.7 millihenrys (mH) and a 
DC resistance of 73 Q. 


External Coil. The external stimulator coil ‘Fig. 
2) is constructed from 600 turns of 40 gauge ccpper 
wire with heavy Isonel insulation wound on a Del- 
rin plastic bobbin. A ferrite pot core of slightly 
larger size than the implanted coil is used to make 
the coupling of the coils less sensitive to misalign- 
ment. There is a 2-pin female connector which is af- 
fixed to the ferrite core that allows easy electrical 
connection to the coil. The entire external cor] as- 
sembly is encapsulated by a polyester resin to in- 
crease its reliability. The total dimension of the ex- 
ternal coil is 19 mm diameter and 8.9 mm thick. 
The electrical characteristics of the coil are an in- 
ductance of 14 mH and a DC resistance of 76 Q. 


In the past there have been many ideas on how to 
place the external stimulator coil over the internal 
implanted coil with reliable alignment. This piace- 
ment must be comfortable and convenient for the 
patient who will in many cases use the stimulator 
for 8 to 15 hours a day. These ideas have incluced a 
holder mounted on glasses, double-back adhesive 
tape, special toupee glue, and a headband. The 
most effective method has been a special coil hclder 
which is attached to a glasses temple piece (Fig. 3). 
The device is made with Delrin plastic material in 
the form of a cup to hold the coil in position ove- the 
implant. On the back of the cup a small ball and 
socket system is used that allows the coil to elign 
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Fig. 2. External electromagnetic coil. A 2-pin connecter 
is affixed to the core for easy electrical connection to tł e 
coil. 
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Fig. 1. Internal electromagnetic coil with active 
and ground platinum electrodes. 


90 


itself with the surface of the skin above the internal 
implanted coil. The coil holder must be custom- 
fitted to each glasses temple piece and positioned 
for each implant. When the holder is properly 
fitted, the coil exerts a force of approximately 40 g 
onto the surface of the skin. 


Microphone. The microphone used with the 
stimulator is a subminiature electret type which has 
a flat response within the audio range. A miniature 
3-pin female connector is affixed to the back side of 
the microphone which allows easy electrical con- 
nection (Fig. 4). The microphone with connector 
can be attached to a glasses temple piece, an ear- 
mold, or clipped onto clothing with a special adap- 
tor. 


External Stimulator. The external electronic 
stimulator is composed of three sections, a printed 
circuit board with all of its associated components, 
the battery compartment and contact strip, and the 
metal case which is used to house the stimulator 
package (Fig. 5). The electronic circuit is powered 
by two 9 V alkaline batteries which supply a nomi- 
nal power of 70 to 100 mW depending on the out- 
put voltage needed for the patient. The battery life 
is on the order of 40 to 80 hours. The printed circuit 
board contains three integrated circuit packages 
and three internal variable adjustments which are 
the carrier, symmetry, and clipping controls. These 
controls are set so that the proper output voltage 
levels do not exceed the patient's uncomfortable 
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Fig. 3. External coil holder attached to glasses temple 
piece. 
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Fig. 4. Subminiature electret type AN yA A mini- 
ature 3-pin connector is affixed to the back of the micro- 
phone for easy electrical connection. 









loudness level. There are also two exterral controls 
which may be adjusted by the patient. The “V” or 
volume control is used to adjust the output level up 
to an internally preset maximum, and the “M” or 
modulation control is used to adjust the sensitivity 
of the modulation level. There is a minibhone plug 
used for the external stimulator coil and a 3-prong 
female plug for the microphone input. These con- 
nectors allow easy replacement of the wire cords in 
case of damage or normal wear. The dimensiøns of 
the metal case are 12.7 cm x 6.35 cm x 2.54 cm, and 
it is made of aluminum. The construction is in two 
parts. One is a shallow drawn case which houses the 
circuit board and batteries, and the other is a pro- 
tective lid which covers the entire top opening. The 
stimulator weighs 150 g by itself and with alkaline 
batteries weighs approximately 240 g. 


SIGNAL FLOW 


The following discussion will trace the signal as it 
moves from the microphone to the cochlear elec- 
trode, describing the signal processes amd transfor- 
mations that occur along the way. Figure 6 is a 
block diagram of various sections of the signal path 
that will be addressed. The microphone, preampli- 
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Fig. 5. Cochlear implant stimulator. Back has been 
removed to show printed circuit board and battery com- 
`artment. 


fier and filter, 16 kHz oscillator, AM modulator and 
the output buffer are all part of the external elec- 
trcric package where the majority of the signal 
transformation occurs. The external and implanted 
coils will be considered together as a loosely coupled 
transformer. Finally, some data on the electrode 
characteristics will be given. 
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Fig. 6. Block diagram of cochlear implant 
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1 feet aes The audio signal changes the resistance of the FET, 
in turn varying the amplitude of the 16 kHz signal. 
The unusual feature is the highly nonlinear nature 
of this modulator. The modulator is the only section 
of the signal pathway up to the electrode that is 
nonlinear. Figure 7 is a graph of a typical voltage 
amplitude at the output of the external unit versus 
the sound pressure level at the microphone. The ex- 
ternal unit was set to the threshold of 1 V peak-to- 
peak and a clipping level of 14.3 V peak-to-peak. 
This input-output characteristic holds for all input 
frequencies within the bandpass of the filters. 


ati 
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Voltage at External Coil 
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The modulator function may be viewed as three 





O 30 40 50 60 70 80 90 100 separate regions. The first region is at very low in- 
Sound Pressure Level dB put levels. In Figures 7 and 8 this region is for inputs 

Fig. 7. Output of stimulator to external coil in relation less than about 45 dB SPL. At these input levels the 
to sound pressure level input at the microphone, for sne- 16 kHz signal is held at a low level, referred to as 


wave signals. Stimulator was set for a threshold of | V 


Peek ts oe ual a cll uing lev dex 103'V ocakiopeak. the “carrier level.” Typically the carrier level is 


10% of the maximum level. Input level changes in 


j j re little effect the output. 
The microphone, preamplifier and filter are this Team nave: MIE CHORE on TOT Oop 


straightforward systems and need little description. The second region is for input acoustical levels 
The electret microphone with standard operational between about 45 and 65 dB SPL. In this region the 
amplifier circuitry provides more than adequate fi- output to the external coil increases relatively great- 
delity. Following the preamplification is a bandpass ly with small increases in the input level. 

filter. It has approximately 15 dB per octave high 

and low frequency rolloffs and 3 dB cut-of? fre- The third region is for input acoustic amplitudes 
quencies of about 200 and 4000 Hz. The filter is in- of about 65 dB SPL or greater. In this region the 
cluded to remove some of the sounds that might an- output is a series of bursts of the 16 kHz signal, syn- 
noy and confuse the user. The total gain from the chronized with the input signal. The amplitude of 
microphone to the modulator is controlled by the the signal is at a fixed level referred to as the “‘clip- 
“modulation control.” This primarily varies the ping level.” In between the bursts of 16 kHz, the 
sensitivity of the device. Increasing the gain allows signal is near zero. For acoustic levels greater than 
lower intensity sound to be heard at the cost of in- 75 dB, increasing input amplitude increases the 
creased background noise and distortion. fraction of the period during which the 16 kHz is 


on, in other words the duty cycle is increased, but 


Unlike the preamplifier and filter, the 16 kHz AM the maximum amplitude stays constant. 


modulator has unusual characteristics. The circuit- 


ry itself, however, is not complicated. A 16 kHz The nonlinearity characteristic of the modulator 
signal is generated by a free running multivibrator, leads to a predictable perceived loudness to the pa- 
while the modulation is accomplished by a voltage tient; signal levels lying within the first region are 
divider network with a field effect transistor (FET). below the patient’s threshold. As signal levels in- 
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Fig. 9. In vitro estimate of the ratio of electrode current 
to voltage at the external coil for a 16 kHz sinusoid, as a 
function of the distance between the internal and the exter- 
nal coils. 


crease through the second region, the patient per- 
ceives a rapid loudness growth. After the signal 
level passes into the third region, the patient per- 
ceives only minimal loudness increases. It is possible 
that another mapping from input amplitude to per- 
ceived loudness might prove superior for discrimin- 
ation and this is a current area of research. 


Following the modulator is a buffer amplifier. 
Constructed of operational amplifiers and emitter 
follower circuitry, the buffer drives the external coil 
with an amplified version of the modulator output. 
The buffer drives the coil differentially. For exam- 
ple, as one terminal of the coil goes up to 1 V, the 
other terminal goes down 1 V. Since the power 
source is two 9 V batteries, theoretically a max- 
imum of 36 V peak-to-peak voltage cculd be ap- 
plied to the coil. Actually, because of variations in 
battery voltage and voltage drops in the buffer, 
about 23-36 V is the maximum peak-to-peak vol- 
tage that can be consistently applied to the external 
coil. 


The volume control functionally works to vary 
the gain of the buffer amplifier. In the circuit, the 
volume control is accomplished by varying the am- 
plitude of the oscillator output. In series with the 
volume control is an internal control making it pos- 
sible to set the full on volume equal to the patient's 
maximum comfortable level. 


The external coil and the internal implanted coil 
are, of course, physically distinct and different, but 
electrically they can be treated as parts cf one trans- 
former. The coupling coefficient between the coils 
is quite low over the normal range of skin thick- 
nesses. This results in the impedance of the external 
coil as seen by the buffer amplifier being equal to 
the impedance of the coil alone. Likewise the in- 
ternal impedance driving the electrode is that of the 
internal coil. The coupling coefficient, and hence 


intermal voltage and current, drops off as the coil 
seperation increases or the two coils are misaligned. 
Usime a model for the electrode impedance (to be 
discussed below) and the assumption that the skin is 
transparent at these frequencies of magnetic fields, 
the ratio of the internal current to external voltage 
can >e experimentally determined. This ratio is 
shown as a function of coil separation in Figure 9. 
The range of coil separation is a function of skin 
thickness and internal coil encapsulated thickness, 
and as been estimated to range from 3.2 to 6 mm 
in mest implanted patients. 


The coil system in use, unlike more sophisticated 
tramsmission designs such as FM transmitters, has 
some disadvantage in its sensitivity to misalignment 
anc separation and perhaps power transfer efficien- 
cy. However, the simplicity of having only a single 
coil with no other electronic component as the im- 
planed part is a strong case for continuing to use it. 
Worx is underway on new coil designs that have im- 
proved efficiency and less sensitivity to misalign- 
ment. 


The last item in the signal flow path to the scala 
tympani is the electrode itself. Actually, of course, 
there is a pair of electrodes, the larger one in the 
eustachian tube serving as a “ground” for the scala 
tympani electrode. Because the electrodes are con- 
nected directly to the implanted coil, the long-term 
average potential applied across the electrode is 
zero The surface area of the electrode is quite large 
so that the charge and current densities are much 
sma ler than many other functional nerve stimulat- 
ing electrodes in use. Estimates of the actual charge 
density are discussed in detail in Berliner.’ 


Tae electrode impedance was measured on one 
patient who had the electrodes directly accessible 
via a percutaneous plug. The measured impedance 
is shown in Figure 10 (Edgerton BJ, Spelman F, 
personal communication). Measurements were ob- 
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Fig. 10. Electrode impedance, magnitude and phase as 
a function of frequency obtained on one patient by direct 
meeasurement via a percutaneous plug. 
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tained using sinusoidal. signals at voltage levels of 10 
to 70 mV rms. l 


Using , thé data on Tk impedance and a 
> measurement of the coil separation, the currant in 
“the electrode can be roughly estimated. The coil 

-separation is. determined by measuring the change 
‘in the inductance of the. external coil caused by its 
proximity to.the ‘internal: ‘coil. This inductance 
. “change can then: be correlated empirically to coil 


_. separation. Using these techniques, the deta of 


‘Figure 8, showing current levels in the electrode for 
a représéntative patient,” have been calculated. 


FUTURE. DIRECTIONS 
Ae 


. There : are. many. engineering improvements that 
aré, being pursued. Several aspects of the signal pro- 
“esang are being earan ‘For example, systems us- 


ing differently shaped nonlinear compressors are 
being tried and evaluated using audiologic and psy- 

choacoustic measures. Also, experiments are being 
conducted on the possibility of giving an analog sig- 
nal to the electrode in place of the 16 kHz ampli- 
tude modulated signal. Many convenience engi- 
neering features are being addressed. Several new 
coil designs have been constructed that show better 
transmission efficiency. Work at House Ear Insti- 
tute and elsewhere? has shown the feasibility of in- 
corporating permanent magnets in the coils to pro- 
vide for holding the external coil in place. The other 
major convenience feature in progress is to simply 
reduce the size of the external unit. This will re- 
quire major redesign of the package and redesign of 
the circuitry to reduce the complexity and power re- 
quired. 
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AUDIOLOGICAL RESULTS WITH THE COCHLEAR IMPLANT. 


MARGARET A. THIELEMEIR, MA 


JUDY A. BRIMACOMBE, MA 


LAURIE S. EISENBERG, MA | 


Audiological test results from 135 adult, profoundly deaf, single-electrod 2ochlear implant subjects are presented. Unaided, aided, 
and cochlear implant warble-tone and speech detection thresholds have been amalyzed, as well as word, word stress, and environmental 
sound discrimination scores. Results indicate that implant thresholds are signif cantly better than aided thresholds at all frequencies tested 
and for speech detection. Also, word, word stress, and environmental sound @srimination scores are all significantly better with the im- 
plant than with a hearing aid. Although the implant does not provide speech 4iscrimination, subjects report that it does provide valuable 
speech and sound awareness, which aids in speechreading and voice monitoring A small group of subjects has shown.that an implant in the 
poorer ear can also be successfully combined with a hearing aid in the better ear. The audiological test results clearly show that the implant 


is a viable alternative for the profoundly deaf. 


The single-electrode cochlear implant has been 
used successfully by profoundly deaf adults at the 
House Ear Institute since 1972. This paper describes 
the audiologic tests that have been used to assess 
auditory performance of these profoundly deaf sub- 
jects. Current test results are presented, and the 
benefits and limitations of the implant from the 
subject’s perspective are discussed. 


Initial testing and observation revealed that 
cochlear implant subjects could recognize some en- 
vironmental sounds but scored at zero or chance 
level on standard speech discrimination measures. 
For example, a speech detection threshold could be 
obtained at 50 to 60 dB SPL (approximately 35-45 
dB HL, re ANSI 1969"); but a speech (spondee) re- 
ception threshold (SRT) could not be obtained with 
an open list of familiar spondees regardless of the 
presentation level. Implant users could discriminate 
speech stimuli if a small, closed list was used, or if 
stimuli varied in durational or intensity cues rather 
than pitch cues. Subjects could differentiate be- 
tween two or three consonant-vowel-consonant 
words (CVCs) that differed in voicing or manner of 
articulation, eg, “shake” vs “shame” (unvoiced plo- 
sive vs voiced continuant) or “pass” vs “lass” vs 
“sass” (unvoiced plosive vs glide vs unvoiced sibi- 
lant). A few implant users were able to achieve an 
SRT using a 10-spondee list and the method advo- 
cated by Wilson et al.? 


The task facing the cochlear implant team was to 
develop tests to objectively measure what implant 
users subjectively reported. Tests were needed to 1) 
select candidates for the implant project, 2) com- 
pare performance across different groups of implant 
users, and 3) monitor performance over time to as- 
sess long-term effects of electrical stimulation in the 
cochlea. Such clinical research tests were developed 
and tried in two areas: speech perception and envi- 
ronmental sounds recognition. In addition, a proto- 
col was established for measuring speech and war- 
ble tone thresholds and uncomfortable loudness lev- 
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els (_ILLs) as well as direct electrical thresholds and 
ULLs. The tests described here were developed for 
postimgually deafened adults who have a clear 
memory of speech and environmental sounds. Test 
devebpment for prelingually and congenitally 
deaxened adults and children will be discussed 
late-. 


TEST MATERIALS 


SPE=CH PERCEPTION TESTS 


A variety of speech discrimination tasks have been tried, in- 
clud_mg a 6-item closed-list spondee recognition test, a conversa- 
tional sentence differentiation task, a monosyllable-trochee-spon- 
dee discrimination test and a CVC rhyme discrimination test. 
Therayme test is a 50-item task in a 4-item forced-choice format 
that alows limited feature analysis. The test is described in Eisen- 
berg et al? and Norton and Edgerton (unpublished). Rhyme test 
and=saondee recognition test results show significantly better per- 
forraance with an implant than with a hearing aid for both inde- 
pendent and matched groups.** The rhyme test is currently being 
revi-ed and is not part of the current clinical trials test battery. 


M enosyllable-Trochee-Spondee (MTS) Test. This test was de- 
velqped by Erber and Alencewicz* and consists of four simple 
wort: in each of three stress categories: monosyllable, trochee (a 
2-s\lable word with stress on the first syllable, eg, “butter”) and 
spoaeee (a 2-syllable word with both syllables equally stressed). 
We refer to this test as the MTS Test (Table 1). 


The test utilizes a forced-choice format, with the subject refer- 
ring 0 an instruction sheet which lists the 12 answer choices. 
Prier to test administration, the subject hears each test item once 
in toe order printed on the instruction sheet. Following this famil- 
iarmation process, each word occurs twice, in random order, for a 
tote] of 24 items. Each test item may be repeated once if neces- 
sary A ready light is flashed to alert the subject to each stimulus 
presentation. There are six randomizations of the original re- 


corded stimuli. 


The subject’s responses are recorded on an error matrix and 
anelvzed in two ways: number of words correctly identified, and 
nurcwer of stress categories correctly identified (ie, the number of 
mcrwsyllables identified as monosyllables plus the number of 
troeBees identified as trochees plus the number of spondees iden- 
tifiee as spondees). 


ENWIRONMENTAL SOUNDS TESTS 


“he original Hearing Rehabilitation Research Center (HRRC) 
Em aonmental Sounds (ES) Test’ consisted of 30 sounds derived 


w 
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a ae. TABLE 1. 
- MONOSYLLABLE-TROCHEE-SPONDEE (MTS) TEST 
“poekeun peee a a a e 


_Monosyllables Trochées Spondzes 
"> Bed “i. Button Baseba | 
+ Cate 5, Chicken Birdho ise 
Duek w+ Doctor Popcorn 

Pig > Turtle Toothpaste 


from commercially available records or recorded espec.ally for 
this test. If was a.5-choice forced-choice task. Answer choices 
were. randomly selected from seven sound categories such that 
each foil came from a different category. All sounds used were 


readily identifed by a group of ten normal-hearing Lsteners. 


There were two forms of the test and two randomizatione of each 
form. . 

In 1979, one form of the test was reduced to a 20-item tesk. The 
five test items most commonly chosen correctly in the 30-izem test 
were removed, as were the five sounds that were most commonly 


. missed. Sounds were.rerecorded to be more equal in overal inten- 


sity and, where possible, in length. Four randomization: of the 
20-item test were taped. The ES Test scores reported in th:s paper 


- are for the revised 20-item form of the test. 


Subjects are“instructed to read the five answer choices end cir- 
cle the one they hear. Sounds are presented once, and mav be re- 
peated once if necessary. Guessing is encouraged. A ready light is 
flashed while each sound is.presented, and the tester shows num- 
bered cards to the subject to indicate the test item number These 
visual cues are used to augment the subjects’ minimal aaditory 
capabilities, particularly during preoperative testing. 


EVALUATION PROTOCOL 


PREOPERATIVE TEST PROCEDURES 


Subjects being evaluated for the cochlear implant undergo an 
extensive audiological assessment. Unaided speech detection and 
warble tone thresholds and ULLs for octaves and interoctaves of 
250-4000 Hz are measured binaurally under headphones. An as- 
cending method is used to measure thresholds, and all data are re- 
corded in decibels SPL (re 20 Pa). A most comfortable loidness 
level (MCL) is established, if possible, and the MTS Test is ad- 
ministered binaurally at MCL. Warble tone thresholds and ULLs 
are used to select the gain and maximum power output cha-acter- 
istics of hearing aids to be used in this evaluation. Aids are 
selected to give the greatest amount of gain without exceeding an 
individual's discomfort level. If no ULLs are measured, testing is 
done with the aid adjusted to not exceed a 130 dB SPL output at 
any frequency. 

At least two aids are tested on each side. The volume conzrol of 
the aid is adjusted until spondees presented at 70 dB SPL, ar aver- 
age speech level, are judged to be comfortable. Once the gain of 
the prosthesis is set, the test battery is given. The battery consists 
of a spondee detection threshold (SDT); warble tone threshclds at 
250, 500, 1000, 2000, and 3000 Hz; the MTS Test; and tne ES 
Test. The MTS and ES Tests are presented at 70 dB SPL. If the 
output of the aid is at the allowable limit (130 dB SPL) ard the 
subject does not detect spondees at 70 dB SPL or below, the MTS 


and ES Tests are not given. Warble tone thresholds are assessed, 
and a second aid is tried. 


Subjects selected for implantation are profoundly deaf and 
demonstrate poorer performance with a hearing aid than im- 
planted subjects can demonstrate. They must also meet medical 
and psychological criteria and express realistic expectations for 
the implant. 


POSTIMPLANT TEST PROCEDURES 


Audiometric Test Battery. The same audiometric test battery 
that was given preoperatively is readministered postoperatively 
with the subject using the cochlear implant. It is given during 
basic guidance (the initial rehabilitation period approximately 2-3 
months after surgery), six months after basic guidance, and an- 
nually thereafter. Tests are presented at 70 dB SPL and subjects 
adjust their units until speech at 70 dB SPL is heard comfortably. 


Electrical Measurements. In addition to audiometric testing, 
the performance of the implanted coil is assessed directly without 
going through the stimulator device. Two measurements are 
made: electrical threshold, and electrical ULL. These measure- 
ments are used to 1) initially set the simulator unit, and 2) to 
monitor the performance of the internal coil/auditory system over 
time. 


Test stimuli are produced by the HRRC Threshold Tester, a 
battery-operated, portable waveform generator. The output of 
the Tester goes directly to the subject’s external coil, which is held 
in place over the implanted coil. Electrical threshold is measured 
using an ascending technique with a pulsing (500 ms repetition 
rate) 16 kHz sine wave, similar to the carrier wave in the current 
stimulator units. The stimulus used for ULL measurements is a 
pulsing 16 kHz sine wave modulated by a 1 kHz sine wave, simi- 
lar to the stimulus produced when a 1 kHz sine wave is picked up 
by the stimulator unit microphone. Measurements are read on an 
oscilloscope and reported in peak-to-peak voltage across the ex- 
ternal coil. 


RESULTS 


Audiological test results from 135 adult House 
Ear Institute and coinvestigator cochlear implant 
subjects have been analyzed. For this group, the 
mean age at time of implantation was 46 years 
(range = 18 to 75 years). The mean age at time of 
profound bilateral deafness was 31 years (range = 
birth to 64 years). The cause of deafness for this 
population was ototoxic drugs (11%), otosclerosis 
(20%), meningitis (15%), unknown (14%), and 
other (40% ; including Meniére’s disease, congenital 
lues, trauma, rubella, and Usher syndrome). Char- 
acteristic onset of hearing loss was classified as pro- 
gressive (48%), sudden (36%), fluctuant (4%), and 
congenital (12%). | 


TABLE 2, MEAN, STANDARD DEVIATION. MEDIAN, AND RANGE OF PREOPERATIVE, UNAIDED WARBLE TONE AND 
SPEECH DETECTION THRESHOLDS FOR COCHLEAR IMPLANT PATIENTS (N = 135) 


Frequency (Hz) 
2000 


250 500 1000 3000 ~. SDT 
Mean” 123 122 125 127 129 120 
(SD) (12.2) (10.9) (9.0) (7.0) (5.5) (13.2) 
Median NR NR NR NR NR NR 
Range (76-NB) (87-NR) (97-NR) (104-NR) (100-NR) (70-NR) 
% NR 71 57 78 84 94 56 


In dB SPL re: 20 pPa. 
SDT - Spondee detection threshold; NR - No response. 


*Mean thresholds were calculated using 130 dB SPL when no zesponse was obtained. 
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TABLE 3. MEAN, STANDARD DEVIATION, MEDIAN, AND RANGE F PREOPERATIVE WARBLE TONE (N= 73) AND 


SPEECH DETECTION (N=91) THRESHOLDS FOR THE IMELANTED EAR, WITH A HEARING AID 


Frequency (fz) 
250 500 1000 2000 3000 SDT 
Mean* 86 83 84 99 108 68° 
(SD) (22.8) (25.2) (28.0) (26.2) (23.4) .. (22.3) 
Median 81 80 75 NR NR 64 
Rangef (45-NR) (40-NR) (39-NR) (42-NR) (36-NR) (35-NR) 
Jo NR 25 23 40 62 78 14 


In dB SPL re: 20 „Pa. 


“Mean thresholds were calculated using 120 dB SPL when no response was obtained 
|The minimum values presented here reflect the inability of several patients to benef from conventional amplification for reasons other than threshold 


responses (eg, recruitment, poor discrimination). 
AUDIOMETRIC TEST FINDINGS 


Table 2 presents the mean and median unaided, 
preoperative auditory thresholds for this profound- 
ly deaf population, in the ear that was implanted. A 
large percentage of these subjects had ne measur- 
able hearing at the frequencies tested (250, 500, 
1000, 2000, 3000 Hz). 


Subject selection for cochlear implant surgery is 
dependent, in part, upon auditory thresiolds and 
performance with a powerful hearing aid (eg, Uni- 
tron 960P, Widex S20). Table 3 displays the mean 
and median preoperative, aided warble tone thresh- 
olds for 73 patients, in the ear to be implanted. 
Mean aided auditory thresholds ranged from 83 to 
108 dB SPL across the frequencies tested, with a 
large percentage of “no responses” (NR) at the limit 
of the audiometer at 2000 and 3000 Hz. Due to the 
difficulty of finding an appropriate value to substi- 
tute for NR, median values were also calculated for 
the aided warble tone and speech detection thresh- 
olds. These values, which are not affected by the 
substitution of an arbitrary value (in this case, 120 
dB SPL) for NR, are similar to the mean values ob- 
tained, but better reflect the large percentage of 
NRs at 2000 and 3000 Hz. 
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Mean audiometric thresholds with the cochlear 
implant are shown in Table 4. They ranged from 
53-64 dB SPL across the frequencies tested. It can 
be seen that these thresholds are consistent from the 
subjeets’ basic guidance period to their most recent 
audiciogical testing. It is also interesting to note the 
lack cf NRs to auditory input with the cochlear im- 
plant:activated. This is in direct contrast to the high 
percentage of NRs obtained from these same sub- 
jects with conventional amplification. An analysis 
of sm djects’ auditory thresholds with hearing aids 
and with the cochlear implant reveals that implant 
thresaolds are significantly better at all frequencies 
and for speech detection (p< .001). 


Tə figure presents unaided, hearing aid, and 
cock Bar implant auditory thresholds in relation to 
bott the average speech spectrum and to normal 
hearing. It can be seen that for the majority of these 
subj2ets, auditory thresholds with a hearing aid do 
not permit detection of speech, while implant 
thresaolds are within the speech range. 


SPEEGH AND ENVIRONMENTAL SOUNDS 
DISC 3IMINATION 


Speech and environmental sounds discrimination 
scorss have been obtained for 86 subjects with the 


Mean unaided, hearing aid, and cochlear implant war- 
ble tone thresholds in decibels SPL. Also shown are SPL 
values for the average speech spectrum at about 1 m (from 
Davis*) and for normal hearing thresholds as defined by 
the American National Standards Institute (ANSI-1969). 
Unaided and ANSI-1969 values are measured under ear- 
phones; aided and implant thresholds are for sound-field 
conditions. 
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TABLE 4. MEAN, STANDARD DEVIATION, AND RANGE OF WARBLE TONE AND 
_ SPEECH DETECTION THRESHOLDS WITE COCHLEAR IMPLANT AT BASIC GUIDANCE TRAINING (N = 74) 
l e AND MOST RECENT AUDIOLOGICAL TESTING (N = 85) 


Frequency (Hz) 
2 





500 I 3000 SDT 
-© Basic Cuidatice l 
=: "Mean : 84 80 58 57 80 56 
(SD). (7.9) (7.7) (7.5) (7.7) (7.2) (8.8) 
Range (43-87) (40-75) (39-72) (38-73) (42-75) (40-72) 
“% NR’ 0 0 0 0 0 0 
Recent? ` 
Mean 61 : 56 56 57 59 53 
(SD). (9.2) (8.1) (6.8) (7.5) (8.9) (5.6) 
Range (36-79) = (40-80) (39-78) (40-76) (35-85) (40-85) 
PNR- Q erie 0 0 0 0 


“In dB SPL re:'20 pPa. -4 
. "Most ‘recent best was an average of two years postimplant. 


| ie en Mean MTS scores were 34.5% 


-= ¥and.73.9.% for word, and stress discrimination, re- 
ee spectively. The mean, ES Test score was 55. 1%. A 
ah _ comparison: was made of the MTS and ES discrim- 
` ` “ination scores obtained from a select subgroup of 37 


subjects. who were tésted both preoperatively with 
héaring aids in the ear to be implanted and rostop- 
eratively with the cochlear implant. This sutgroup 
includéd only those subjects who were able to detect 
speech with a hearing aid at levels better than 70 dB 
SPL. Since the majority of the subjects tested had 
SDTs poorer than 70 dB SPL, this subgroup repre- 
sents those subjects with the best preoperative aided 
thresholds. Despite this, Table 5 shows that MTS 
word and stress scores, as well as ES Test scores, 
were all significantly better with the cochlear im- 
plant than with a hearing aid (ps.001). 


A paired comparison of 28 subjects’ basic guid- 
ance and most recent MTS and ES Test scores indi- 
cated that discrimination with the implant im- 
proved over time (Table 6). Both speech and 2nvir- 
onmental sound discrimination scores were higher 
after at least six months experience with the im- 
plant. 


ELECTRICAL MEASUREMENTS 


Mean electrical thresholds and ULLs with the 
cochlear implant are presented in Table 7. Over 
time, mean thresholds were very consistent, despite 
the large intersubject variance. The large range in 
subjects’ thresholds can be attributed to severel fac- 
tors. First, skin thickness varies between subjects 
and affects the efficient transduction of the electri- 
cal signal from the external to the internal coi. Ap- 
propriate coil alignment is a second factor affecting 


TABLE 5. PAIRED COMPARISON OF DISCRIMINATION 
SCORES WITH HEARING AID AND COCHLEAR IMELANT 


Mean Percent Correct 
Hearing Cochlear 


Test N Chance Aid Implant _ E test 
MTS Word 37 8 18.0 33.8 p.001 
MTS Stress 3T 33 50.6 72.4 ps .001 
Environmental 
Sounds 32 20 34.1 53.3 px .001 


subjects’ thresholds over time. Slight misalignment 
of the external coil increases the amount of power 
required for threshold perception. The composition 
of the induction coil system is a third factor which 
accounts for a great deal of the variance in electrical 
measurement data. Some coils are now being used 
that contain a magnet. These magnet systems in- 
crease the impedance of the induction coil system, 
thus requiring more power to achieve a percept of 
hearing. 


As shown in Table 7, mean ULLs tend to vary to 
a greater degree than mean thresholds as a function 
of time. Also, the range of subjects’ ULL measure- 
ments is larger. The variability in ULL measure- 
ment is also attributable to patient skin thickness, 
coil alignment, and type of coil used (ie, magnet). 
Additionally, there is a psychological element to the 
ULL measurement which increases intersubject 
variability. For example, congenitally deaf subjects 
tend to describe sound as being uncomfortable at 
lower voltage levels than the postlingually deaf- 
ened.’ 


CORRELATIONAL ANALYSES 


Auditory Thresholds. Statistically, it was found 
that cochlear implant auditory thresholds and elec- 
trical measurements did not correlate with any of 
the following: 1) age at onset of profound deafness, 
2) years of profound deafness, or 3) age at time of 
cochlear implant. In addition, unaided warble tone 
thresholds and thresholds with a powerful hearing 
aid were not predictive of cochlear implant audi- 
tory thresholds. 


TABLE 6. PAIRED COMPARISON OF DISCRIMINATION 
SCORES WITH COCHLEAR IMPLANT AT BASIC GUID- 
ANCE AND AT MOST RECENT AUDIOLOGICAL TESTING 


Mean Percent Correct 


Basic 
Test N Guidance Recent* t test 
MTS Word 28 IT.5 35.4 ps .02 
MTS Stress 28 70.8 79.8 ps .004 
Environmental 
Sounds 29 54.3 63.3 px .004 


*Most recent test was an average of two years postimplant. 
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TABLE 7. MEAN ELECTRICAL THRESHOLDS AND UN- 
COMFORTABLE LOUDNESS LEVELS IN VOLTS PEAK- 
TO-PEAK, WITH COCHLEAR IMPLANT, OVER TIME 


Threshold ULL 
N Mean Range N Mean* Range 
Basic 
guidance 87 3.0 (€.5-17.0) 50 14.0 (2.2-33.0) 
Six months 42 2.6 (0.7-13.0) 23 13.7 (5.2-31.0) 
One year 27 2.4 (0.5-8.0) 24 12.6 (3.3-31.0) 
( 


Most recentt 28 2.7 (1.0-8.8) 27 15.0 (4.0-31.0) 


*Mean uncomfortable loudness levels (ULLs) were calculated by 
substituting 33 V when ULL could net be measured using equipment with 
a maximum output of 32 V (p-p). 


tMost recent test was an average of two years postimplant. 


Speech and Sound Discrimination. A moderate 
correlation (r = .44, p=.05) was found between 
MTS stress discrimination scores with a hearing aid 
preoperatively in the ear to be implanted and with 
the cochlear implant. The same was found for ES 
discrimination. That is, those subjects who scored 
higher on these measures with a hearing aid were 
also the highest scoring cochlear implart subjects. 
This relationship may reflect the ability of certain 
subjects to use minimal auditory cues (eg, rhythm 
and intensity) better than others to discriminate 
word stress and environmental sound patterns. No 
relationship was found between MTS word discrim- 
ination with a hearing aid and with the cochlear 
implant. 


MTS word and stress scores and ES discrimina- 
tion scores were found to correlate negatively with 
years of profound deafness (r = —.40 to —.54, 
p<.01). That is, discrimination scores were found 
to be poorer as years of profound deafness in- 
creased. This inverse relationship suggests that both 
experience with sound and auditory memory may 
play an important role in cochlear implant subjects’ 
ability to effectively discriminate different elements 
of speech and environmental sounds. Physiological 
differences in the state of the remaining auditory 
system may also play a role in these statistically 
significant, though small, relationships. 


WHAT THE SUBJECT HEARS: 
SUBJECTS’ PERSPECTIVE 


Postlingually deaf subjects have provided a vast 
amount of information regarding what the implant 
sounds like and how that sound can be used. Sub- 
jects are amazingly consistent in their reports. They 
generally describe the sensation received from the 
implant as sound perceived deep withir the ear, as 
sound should be. In contrast, these same subjects 
typically describe the sensation they reeeived from 
hearing aids as sound coming toward or being 
“forced” into the ear. 


Sound, as it is perceived by implant users, is not 
described as normal, but rather as having a “me- 
chanical” or “static-like” quality. Subjects consis- 
tently report that initially everything sounds the 
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same; “scratchy,” “tinny,” “crackling,” or “metal- 
lic.” Patients have likened the sound to “the buzz of 
an electric drill,” “humming on a comb covered 
witht waxed paper,” or “the speech of Donald 
Duck.” All voices initially sound the same, and the 
subjeet may find his or her own voice particularly 
foreign and disturbing. 


It is at this point that guidance from a rehabilita- 
tion staff member is essential. By demonstrating 
how o make use of the simple timing and intensity 
cues provided by the implant, the subject is given a 
basis for interpreting different sounds. In time, a 
maturation or learning occurs. Voices and speech 
patterns begin to sound different from other envi- 
ronmental sounds. As early as the second day, sub- 
jects begin noticing differences between men’s and 
women’s voices, and their own voice becomes more © 
acceptable. With experience, subjects are able to. 
recegnize many sounds occurring within the envir- 
onment, without visual clues. 3 


The quality of sound also changes over time. Sub- 
jects report that the initially monotone signal be- 
comes more tonal in quality, with some pitch varia- 
tion. Sound is still not described as “normal,” but 
rather as “more natural.” Subjects describe speech 
as ‘ muffled,” “like talking into a hanky,” or like a 
radie tuned slightly off station. For example, the 
subject may know someone is talking, but he or she 
can t quite understand the words. Some environ- 
mental sounds are described as sounding very nat- 
ural. These sounds include running water, foot- 
steps, knocking on a door, clapping, hitting or 
banging on metal, shuffling cards, and crumpling 
paper. 


Many subjects find competing noise, such as 
background traffic, particularly troublesome dur- 
ing the early stages of implant use. However, as dif- 
ferent sounds take on specific qualities, it becomes 
easier to focus on the signal. Background sounds 
seem less dominant. 


Subjects report that sometimes when speech- 
reading family or friends, they feel as if they were 
hearing normal speech. But when the speaker turns 
away, the speech “changes” dramatically to become 
un-rtelligible. Subjects also report that once in a 
while an occasional word or words may come 
through very clearly even when the subject does not 
see the speaker’s face. This can happen over the 
telephone, when the speaker is in another room, 
white watching television, or when someone is 
speaking from behind the subject. Subjects report 
the very strong feeling that the word sounded exact- 
ly ixe it used to before they lost their hearing. 


Although the implant does not provide speech 
discrimination, it does enhance communication. 
Subjects consistently report that their speech- 
reading abilities are improved when the implant is 
ac-ivated. Families and friends confirm the sub- 
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jects reports. Further, implant users know when 
people are speaking, and do not inappropriately in- 
terrupt others’ conversations. The volume and pitch 
of the subjects’ voices tend to be more appropriate, 
and this adds to their increased confidence in social 
situations. 


Implant subjects report hearing many sounds 
within the environment. From the warble tone 
threshold data it is clear why so many sounds can be 
detected. Most moderate and loud sounds, s well 
as some soft sounds, can be heard. Conversational 
speech, for example, can be detected in a quiet 
room at distances of 15 to 20 ft (4.5 to 6 m). Subjects 
subjectively report hearing sounds from outside the 
house such as trucks and cars coming from down the 
street and airplanes and helicopters flying 
overhead. Sounds from other rooms in the house are 
also typically reported. Experienced implant users 
report being able to detect two and three sounds oc- 
curring simultaneously, such as clock chime and 
cooking fan and water running; boss talking and 
traffic (outside) and radio; conversation and televi- 
sion and newspaper rustling; vacuum cleaner and 
dog barking in another room. 


Many subjects enthusiastically praise the im- 
plant. However, they also report disappointments 
and dislikes. The major disappointment is in not be- 
ing able to understand speech. Every subject is 
counseled prior to surgery regarding the limitations 
of the implant. Most, however, maintain some hope 
that they will be able to understand at least some 
speech. Also frustrating is the feeling that speech is 
on the verge of being understandable. Another 
common disappointment is music. One subjeet de- 
scribed it as “jumbled, like someone talking real fast 
in a lot of background noise . . . no tune to x.” It 
has also been described as a “low rumble” or “clank- 
ing.” On the other hand, subjects have reported be- 
ing able to dance again because they hear the beat, 
or sing because they can hear themselves. Some sub- 
jects have even resumed playing musical instru- 
ments. 


There are a number of sounds that are commonly 
disliked. These include such sounds as motorcycles, 


noisy cars, vacuum cleaners, and banging or hitting 
of metal. There are also situations where the im- 
plant is typically not helpful. These include watch- 
ing television, following conversation in a group, 
and very noisy situations. 


In spite of the limitations of the cochlear implant, 
most of the implanted subjects use the device all day 
long, every day. They frequently liken deafness to 
death and say that the implant makes them feel 
“alive” again. It brings them out of isolation and 
back into contact with a living world. 


BINAURAL PROSTHESES: 
HEARING AID AND IMPLANT 


During the selection evaluation, a candidate’s 
aided thresholds and test scores are compared with 
those of implant users. The audiological criteria for 
implantation are met if the aided scores are equal to 
or poorer than the average implant user’s scores. 


What if a subject meets the criteria in one ear, 
but scores slightly better than implant users in the 
other ear? Can a cochlear prosthesis on the poorer 
side combine with the aided sound in the better ear 
to provide greater benefit than the aid alone? Will 
sound from the implant and aid in opposite ears 
merge or conflict? 


Six postlingually deafened adult subjects (three 
male, three female; age range 35 to 51) successfully 
combine aid and implant in opposite ears and use 
both prostheses 12 to 16 hours per day. All subjects 
met audiological criteria for implantation in the 
poorer ear, but varied in aided performance in the 
better ear. Three subjects demonstrated aided MTS 
scores between the average and top implant user re- 
sults, but scored zero on phonetically-balanced (PB) 
monosyllabic word discrimination lists (W-22s) pre- 
sented under headphones at the most comfortable 
loudness level (MCL) or the limit of the audiom- 
eter. The remaining three subjects demonstrated 
more usable hearing in the nonimplanted ear. 
These subjects demonstrated aided MTS scores 
equal to or better than the best implant user score. 
One subject scored perfectly on the MTS test. These 
three subjects also demonstrated PB word discrim- 
ination scores under headphones of 50 to 65 % . 


TABLE 8. PERCENT CORRECT DISCRIMINATION SCORES FOR SUBJECTS USING HEARING AID IN 
BETTER EAR AND IMPLANT IN POORER EAR* 


MTS Word 
Gi 
+ 
Patient GI HA HA CI 
A 75 71 71 92 
B 63 79 79 88 
G 79 63 92 100 
D 50 100 DNTtİ 96 
E 50 92 88 96 
F 25 100 DNTtİ 83 


MTS Stress Environmental Sounds 
CI CI 
+ + 
HA HA CI HA HA 
96 92 a 63 19 
96 96 50 50 50 
92 100 79 79 75 
100 DNTt 75 15 DNT 
92 92 54 71 79 
100 DNTİ 79 79 DNT 


* Testing was done after six months of implant use in three corditions: implant alone (CI); hearing aid alone (HA); and implant and aid together (CI + 


tDid not test in CI + HA condition because HA alone scores were 100%. 
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TABLE 9. COMPARISON OF DISCRIMINATION SCORES 
IN THE IMPLANT-ONLY CONDITION FOR SUBJECTS 
WITH IMPLANT ONLY, AND SUBJECTS WITH 
IMPLANT AND HEARING AID 


lQQQQQQ®QQlaa el 


Mean Percent Cerrect 


Environ- 
MTS MTS mental 
Subjects Word Stress Sounds 
Implant only (N = 37) 33.8 72.4 53.3 
Implant and hearing aid 61.3 88.3 67.5 


(Testing done with im- 
plant only) (N = 6) 


Subjects were tested in three conditions: aid 
alone, implant alone, and aid and implant togeth- 
er. Test results reveal that performance on the MTS 
and ES Tests is neither improved nor decreased for 
these subjects when sound from the implant is 
added to sound through the hearing aid (Table 8). 
Subjects report that addition of the implant does 
not necessarily make speech more understandabie, 
but it does make sound “fuller,” “sharper,” and 
“adds depth.” All report that soft sounds are easier 
to detect with the implant and aid than aid alone. 
Sound from the implant is described as “filling in 
the blanks” of frequencies not perceived through 
the aid. Subjects receiving primarily low-frequency 
signals through the aid are able to detect high- 
frequency sounds (up to 4000 Hz) through the im- 
plant. One subject receives high frequencies better 
than low frequencies through the hearing aid, and 
reports that the implant adds low-frequency per- 
ception. Most subjects reduce hearing aid volume 
when adding the implant. Most report that loud 
sounds are bothersome or uncomfortable through 
the aid but not through the implant. 


Subjects that use aid and implant tend to perform 
better on discrimination measures with the implant 
alone than typical implant users. Table 9 reveals 
that aid and implant users perform better than 
implant-only users on MTS and ES Tests when both 
groups are tested in the implant-only condition. 
Preoperative unaided and aided scores for the im- 
planted ear do not appear to be different between 
the two groups; and implant alone, warble tone and 
speech thresholds are within 2 dB at all frequencies. 
Therefore, it remains unclear what might account 
for this difference. Perhaps the continuing ex- 
perience with minimal cues in the aided ear im- 
proves the ability of these patients to make use of 
the auditory information from the implant. Alter- 
natively, it may be that these subjects do excep- 
tionally well with hearing aids because they possess 
greater ability to use minimal cue information, and 
this ability serves them equally well for making use 
of the implant. 


Pilot work with six cases reveals that the cochlear 
implant in the poorer ear can be successfully com- 
bined with a hearing aid in the better ear. The ben- 


efits and limitations of this binaural fitting need to 
be irvestigated more fully. However, the subjects 
seem to feel that there is enough added benefit to 
warrant wearing the hardware for two devices. 


SUMMARY 


Avciological results gathered on a large number 
of pee@foundly deaf adults clearly show that this 
select population can benefit significantly from the 
cochlear implant. Audiometric thresholds, environ- 
men+tal sounds discrimination, and speech and stress 
discrimination on a closed-list task are significantly 
better with the implant compared to the preopera- 
tive aided scores in the same ear. 


Implant users report that sound through the im- 
plart allows identification of many environmental 
sourds, enhances speechreading and voice monitor- 
ing, and provides contact with sound that was un- 
available through hearing aids. The implant does 
not allow speech discrimination on open-list tasks, 
and does not provide many benefits in noise. De- 
spite the limitations of the cochlear implant, and 
the arge size of the external device, the vast majori- 
ty of the subjects are using it daily, many for all 
waking hours. A small group of subjects who could 
gaim limited benefit from a hearing aid are suc- 
cesfully combining an aid in the better ear with an 
implant in the poorer, unaidable ear. 


A number of speech and environmental sounds 
recegnition measures were developed for the pro- 
fouadly deaf population because standard speech 
discrimination tests were too difficult. The present 
results indicate that these tests are clinically useful 
for differentiating performance of profoundly deaf 
subjects, both in comparing hearing aids to implant 
anc in comparing different aids. Many profoundly 
dee subjects were found to be able to score above 
chenmee with conventional aids. These tests, how- 
ever. were developed for postlingually deafened 
adult subjects who had an auditory memory of 
spezeh and sound, and are not appropriate for sub- 
jec’s with early childhood or congenital losses who 
do net have an extensive auditory memory. Test de- 
velopment for this population is continuing in two 
areas: 1) psychophysical tests which do not require 
extensive auditory memory, and 2) speech and 
sound differentiation tests which require training 
prior to administration. Tests are also being 


modified or developed for children. 


The cochlear implant has shown itself to be a 
feasible prosthetic alternative for the profoundly 
deaf. Audiologic results demonstrate the ability of 
these subjects to perform significantly above chance 
on discrimination tasks and to detect sound at 
mcderate to soft levels of intensity. This must be 
considered a substantial improvement over a world 
of tetal silence. 
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PSYCHOELECTRIC MEASUREMENTS AND RESULTS 
FROM COCHLEAR IMPLANT PATIENTS 


LAWRENCE F. HELMERICH BRADLY J. EDGERTON, PhD 


Psychoelectric experiments, including thresholc, uncomfortable loudnes. level, loudness growth and frequency discrimination were 
performed with six cochlear implant patients. All subjects used a single-chanmel transdermal induction coil implant system. Stimuli were 
presented directly to the external induction coil and not through a signal processing device. A method is reported in which current at the 
electrode is derived from voltage measures at the external coil. The derived thresholds were on the order of 1 to 120 „A peak-to-peak and 
are similar to those reported by other investigators. Loudness growth was more rapid for implant patients, being over twice that of normal 
listeners. Frequency difference limens were detemmined using both analeg and 16 kHz amplitude modulated signals. Frequency 
discrimination was better with the analog system than with the 16 kHz ampiisude modulated system. In general, below 100 Hz the pa- 
tients’ difference limens were essentially normal, but rapidly deteriorated until at approximately 600 Hz there was little frequency 
discrimination. Dye 


The cochlear implant (CI) research program at knowledge of current levels and stimulating fre- . 
the House Ear Institute was developed to meet queney. Ra 
needs in two major areas: 1) clinical evaluation pro- 
tocols which can be used in the selection and moni- 
toring of patients, and 2) basic science studies 
which provide information for designing new or 
refined systems for neural stimulation. In this 
chapter, psychoelectric data are presented which 
have been collected to begin defining the limits and 
variability in perception among patients receiving 
single-channel cochlear stimulation. Basic experi- 
ments in the areas of intensity and frequency are 
reviewed, and a new method of estimating stimulus 
current levels at the implanted electrode site from 
voltages applied across the House-Urban transder- 
mal magnetic induction system is described. In the 
following series of experiments, stimulation was 
achieved by routing sinusoids directly te the exter- 
nal induction coil without processing by the stand- 
ard CI stimulator. 


Electric threshold levels may vary as a result of 
stimulus waveform, electrode configuration and 
placement, or neural density and distribution. Mer- 
zenich et al' reported threshold data obtained for 
two patients with an intracochlear multiple bipolar 
electrode array. Trapezoidal stimuli were intro- 
duced directly and thresholds were expressed in 
volts Thresholds varied from about 141 mV peak- 
to-peak (p-p) at about 25 Hz to about 42 mV at 100 
Hz aad then increased to slightly less than 1400 mV 
p-p at 10,000 Hz. House et al? reported thresholds 
for 12 patients for a 16 kHz sinusoid which ranged 
from 1.3 to 10 V p-p with a median of 3.2 V p-p. 
These values are consistent with the voltages re- 
por-ed in this monograph for our present CI system. 
Tong et al? have reported thresholds for pulsatile 
stimuli at rates of 200 and 1000 pulses per second 
(pps) for nine different intracochlear electrode sites. 
ELECTRICAL THRESHOLDS Thresholds were in the range of 60 to 70 „A across 


Vol ee h er all electrodes but showed considerable variability 
OLTARE; CUON, AII ONARE OF CRE Ee CONNY ambag the sites of stimulation. At all electrodes, 


have all been used by researchers to express thresh- à s 
old results. The use of different referents has made thresholds were higher for 200 pps than for 1000 


difficult the direct comparison of data across labor- ppa 

atories. Different stimulus referents have been used Eddington et al* reported thresholds obtained 
due to limitations imposed by the CI systems of fror two patients (direct stimulation) with 6-elec- 
some researchers, and by a lack of unanimity of trode intracochlear arrays. Patients were stimulated 
opinion regarding the expression which best de- with sinusoids and biphasic pulses. Thresholds for 
scribes the stimulus characteristics eliciting the sinasoidal and pulsatile stimuli were similar across 
neural response. In general, when incuction coil all 2sectrodes. For sinusoids, thresholds ranged from 
systems have been used to couple signals from exter- 5-10 pA p-p at frequencies below 100 Hz. When 
nal equipment to the implanted electrodes, voltage pulsatile stimuli were used, thresholds were higher 
has been the unit of measure since coil eharacteris- ther for sinusoids (70-115 pA p-p at 25 pps and 
tics and separation and alignment affect the signal 40-90 „A p-p at 10,000 pps) and decreased as fre- 
transmitted to the implanted electrodes. In cases quency increased. The difference between thresh- 
where direct connections exist between test equip- olcs as a function of frequency for the sinusoidal 
ment and implanted electrodes, current measure- and pulsatile stimuli is related to the amount of 
ment is usually the method of choice. Charge levels, change transferred per unit time with fixed pulse 
expressed in coulombs, can be calculated from a width stimuli versus sinusoids. Note that the find- 
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TABLE. 1. ACTUAL AND ESTIMATED THRESHOLDS IN 
MICROAMPERES AT STIMULUS FREQUENCIES OF 


0.2, 1, AND 16 kHz 
ae ‘Actual Estimated 
Fr z) . Threshold Threshold 
“0.2 "i Pa 9 
10 J 18 24 
16.0 0 87 72 


ings of Eddington et al do agree with those reported 
by Tong et al. 


‘Procedure. Thresholds measured at the external 
induction. coil reflect both the coil transduction 
properties and the actual electrical thresholds. The 
present induction coil system acts as a high pass 
filter with a.3 dB down point at about 1000 Hz. In 
addition to the filter characteristics, the power 
_ transmission across the coils drops as the square of 
the distance; between them increases. Thus no defin- 
itive statements can be made regarding true tkresh- 
olds unless"an alternative procedure for estimating 
current at the electrodes is used. 


In order to determine the thresholds in current at 
the internal electrodes, the coil separation, trensfer 
function, and electrode impedance function must 
be established. Determination of the distance be- 
tween the external and internal coils has been the 
major obstacle to estimating current levels at the 
electrodes in the House-Urban CI. Measurements of 
coil separation were achieved as follows. 1) The in- 
ductance of the external coil separated from tke in- 
ternal coil at distances ranging from 1 to 10 mm in 
0.5 mm steps (L) was measured. 2) The inductance 
of the external coil alone (L2) was measured. 3° The 
ratio of L-L2/L was calculated. This ratio re-lects 
the percentage of change in inductance as a runc- 
tion of coil proximity. Thus, by measuring induct- 
ance changes, the coil separation due to skin and 
_ tissue interposed (transparent to electromagnetic 
fields) can be estimated. Measurements were made 
with an HP 4274A multifrequency Inductance/Ca- 
pacitance/ Resistance meter at a frequency of 1 kHz 
and voltage setting of 0.5 V rms to determine tke ef- 
fects of the coil transfer function and electrode im- 
pedance characteristics. Model loads were built 
which fit the magnitude and phase angle of the im- 
pedance measured at the internal coil of a diractly 
coupled patient for the frequency range from 50 to 
20,000 Hz. For each coil separation from 1 to 10 
mm (0.5 mm steps) a constant voltage was applied 
to the external coil and the current at the electrodes 
(under load) was measured. 


Results. Recently the direct coupled pazient 
whose impedance data formed the basis of our 
model loads was reimplanted with an inductior coil 
system due to a failed percutaneous plug/electrode 
interface. Thresholds in voltage were measured at 
the external induction coil of our standard sys-em. 
The procedures for estimating electrode current 
levels were applied and then compared to the pre- 
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Fig. 1. Mean current (PP) needed to obtain threshold 
and as a function of frequency, for six implant pa- 
tients. 

viously obtained direct coupled thresholds. Table 1 

presents the actual threshold current levels mea- 

sured in a direct coupled condition and those estim- 

ated using the above procedure at 0.2, 1, and 16 

kHz. Table 1 reveals that there was exceptionally 

good agreement between the actual and estimated 
thresholds. 


Figure 1 presents the mean threshold current 
levels estimated at the internal electrodes for six pa- 
tients. Test frequencies ranged from 50 to 6000 Hz. 
The current at the electrode was lowest at low fre- 
quencies and rose continuously as frequency in- 
creased until about 500 Hz, at which point the cur- 
rent remained steady out to 2000 Hz. From 2000 to 
6000 Hz, the current increased rapidly. The current 
was lowest at 50 Hz averaging 0.9 „uA p-p, and 
greatest at 6000 Hz averaging 118 pA p-p. The 
range of thresholds varied considerably depending 
on the stimulus frequency. The lower frequencies 
yielded ranges on the order of 2 to 5 pA p-p while 
the highest frequencies yielded ranges on the order 
of 70 to 100 nA p-p. 


Comparison of the threshold data obtained in this 
study with the data reported by Eddington et al‘ re- 
veals very similar results. For example, at 100 and 
1000 Hz there were differences of only about 5 and 
20 „A respectively between the results of Eddington 
et al and ours. This is noteworthy since the data ob- 
tained in the present investigation represent estim- 
ates of current levels and not actual direct-coupled 
measurements, and differences exist between the 
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Fig. 2. Loudness growth functions for a single subject 
using 100 and 1000 Hz standards. 
electrode configurations for the two studies. Thresh- 
olds are lower at all frequencies than have been re- 
ported for pulsatile stimuli. 4 


DYNAMIC RANGE 


It has been hypothesized by Simmons’ that the 
dynamic range, ie, the stimulus intensity range 
from threshold to discomfort level, may be an indi- 
cator of the number or distribution of the neurons 
excited by electrical stimulation. Researehers have 
reported dynamic ranges of 4 to 30 dB for sinusoidal 
and pulsatile stimuli.?*°” Eddington et alt reported 
that with one patient the dynamic range was only 
about half as large for pulsatile stimuli (5-7 dB) as 
for sinusoids (12-15 dB). In addition, they found 
that dynamic ranges were “constant with stimulus 
frequency and remained so over the long term.” 


Procedures and Results. Threshold measurement 
procedures were previously described; only sinus- 
oidal stimuli were used. Uncomfortable loudness 
level (ULL) was defined as the level that the patient 
“would not want to listen to for more than five 
minutes.” The ULL was approached from threshold 
in approximately 100 mV (p-p) steps. The ULL was 
taken as the average of at least five ascending trials. 


Figure 1 provides the averages and standard devi- 


ations for the ULLs at the frequencies from 50 to 
6000 Hz. From the figure it can be seen that the 
ULL curve runs roughly parallel to the electric 
threshold curve across the frequency range. Com- 
parison of the dynamic range across frequency re- 
veal that it is about 20 dB for the low frequencies, 
decreases to about 11 dB by 250 Hz, remains con- 
start up to about 4000 Hz at which point it grad- 
ually begins to increase. The standard deviations of 
the dynamic ranges were about 4 dB at the low fre- 
queneies, 2 to 3 dB over the middle frequencies and 
3 tc + dB at the highest frequencies. These results 
are in agreement with the findings of previous re- 
searcners. 


LOUDNESS GROWTH 


Michelson et alë determined the relationship be- 
tween loudness and stimulus intensity for three 
cochlear implant patients. The patients were asked 
to rate the loudness of the stimuli on a scale ranging 
from 1 to 100. Michelson et al found that loudness 
increased logarithmically from threshold to ULL. 
This growth was much more rapid than the growth 
of loudness for normal listeners. 


Precedures and Results. The loudness growth was 
obtained by asking a patient to determine when the 
loudmess of a comparison tone was twice and half 
that ef a standard tone. All results are an average of 
ten trials at each loudness level. The stimuli con- 
sistec of 500 ms sinusoids with 25 ms rise/fall time 
presented serially. The loudness functions for 100 
anc 1000 Hz are shown in Figure 2, and the loud- 
ness functions of other frequencies tested are similar 
to these in Figure 2. Loudness grows rapidly as the 
intensity of the stimuli increases. There is approxi- 
ma*ely a 2-fold increase in loudness for a 4 dB in- 
crease in intensity. It should be noted that the 
growth of loudness function for both low and high 
frequencies is essentially the same. Although it is 
difficult to compare the results of Michelson et al® to 
the present study, this study similarly found that 
loudness function increases logarithmically with in- 
creases in intensity, and that both functions in- 
crease more rapidly than for normal-hearing listen- 
ers. It should be noted that although the loudness 
growth function is not normal for CI patients, the 


TABLE 2. MEAN AND STANDARD DEVIATIONS FOR FREQUENCY LIMENS (Af) at 125, 250, 500, 750, 1000, 
AND 2000 Hz STANDARDS FOR PULSED AND SINUSOIDAL STIMULI"* 


Pulse 
Af (Hz) 9.35 71.70 
SD 8.48 152.80 
(N) (19) (16) 
Sinusoid 
Af (Hz) 9.56 35.40 
SD 12.80 43.10 
(N) (14) (16) 


100.50 96.30 285.20 224.30 
91.50 115.90 326.00 287.10 
(11) (7) (10) (14) 

106.90 75.70 283.80 306.90 

137.50 — 456.00 496.40 


(16) (1) (13) (9) 


*This table summarizes results which were obtained and reported for seven different sensation levels. Data were pooled for 12 patients. However, pa- 
tients may be present in categories more than once, and all patients are not representec in each category. (From Bilger et al''.) 
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intensity difference limen is on the order of 0.5 to 1 
dB at comfortable loudness levels, ie, it is within the 
normal range. 


FREQUENCY STUDIES 


Frequency discrimination is requisite tc high 
levels of performance on speech recognition tasks 
and therefore of considerable importance in the de- 
sign of limited-channel auditory prostheses. In 
single-electrode neural stimulation, frequency reso- 
lution is limited by the ability of the nerve to follow 
or volley at high frequencies. It is not clear at this 
time, however, what the range of maximum volley 
rates is across ‘CI patients, or what effects different 
stimulus waveforms have in maintaining neural 
synchrony at high repetition rates. 


To access frequency perception among CI pa- 
tients, both frequency difference limen and pitch 
scaling techniques have been used. Eddingtor. et al‘ 
used biphasic pulses to determine difference Limens 
for two subjects, one being postlingually deaf and 
the other prelingually deaf. The postlingually deaf 
subject obtained frequency DLs of approximately 
25 Hz for frequencies from 25 to 400 Hz. The pre- 
lingually deaf patient, however, required changes 
of 50 to 80% of the test frequency to detect differ- 
ences. Both patients were capable of correctly rank- 
ing (scaling) the pitch of 100, 175, and 300 Hz 
pulses across six intracochlear electrodes. 


Herndon’ reported frequency DLs for one subject 
implanted with a modiolar electrode. Using rec- 
tangular pulses, DLs of 3.5 to 23.5 pps at 100 pps, 
9.5 to 45.5 pps at 200 pps, and 63 pps at 300 pps 
were found. These results were similar to the find- 
ings of Simmons,'® who obtained DLs of 30 pps for 
stimuli from 50 to 300 pps. Herndon also reported 
that his patient could scale pitch, ie, increasing 
pitch with increasing frequency, up to a pulse repe- 
tition rate of approximately 300 Hz. 


Using sinusoids, Merzenich et al' found discrim- 
inable hearing in implant patients up to 500 Hz. 
Difference limens in this study for one patient were 
l to 2 Hz at 100 Hz, 5 Hz at 300 Hz and 7 to 10 Hz 
at 500 Hz. A second patient revealed DLs of 30 Hz 
at 500 Hz. Pitch scaling experiments revealed that 
pitch increased as frequency increased rapidly up to 


about 400 Hz and then more slowly up to 1000 Hz. 
Beyond 1000 Hz pitch did not change with corres- 
ponding frequency increases. 


Bilger et al'! provided the most comprehensive 
report of CI patient frequency discrimination. 
Twelve patients with single-electrode devices were 
tested, 2 with analog systems and 10 with standard 
House- Urban CI systems. The stimuli included both 
pulses and sinusoids and were administered at seven 
different sensation levels. Unfortunately, the same 
patients were not evaluated under all conditions at 
specific test frequencies. Thus the variability of the 
data was very great. Table 2 presents data from the 
Bilger et al study on frequency difference limens for 
pulses and sinusoids with the sensation levels 
pooled. The test stimuli were 125, 250, 500, 750, 
1000, and 2000 Hz. There was a wide range of vari- 
ability for all stimuli. Performance got poorer as 
frequency increased for sinusoids and pulses, and in 
general both yielded similar frequency discrimina- 
tion. Bilger et al noted that patients using the 
House-Urban CI systems performed better than the 
patients using the analog system. 


Results reported by the above investigators reveal 
that below approximately 300 Hz, patients can dis- 
criminate frequency differences very well. How- 
ever, from about 300 to 1000 Hz implant patients’ 
frequency discrimination becomes markedly poorer, 
and above 1000 Hz there is little frequency discrim- 
ination. The pitch scaling experiments confirm the 
results of the frequency difference limen test and 
also reveal that above 1000 Hz virtually all signals 
have the same pitch although there may be some 
qualitative differences. 


Procedure. Frequency difference limens were 
studied using analog and 16 kHz amplitude modu- 
lated and clipped stimuli. Six patients were studied. 
All testing was done at a “comfortable listening lev- 
el” and the standard and comparison tones were ad- 
justed to equal loudness prior to the frequency 
limen measurement. Loudness was controlled, since 
previous experience has demonstrated that pitch 
changes can occur with relatively small changes in 
signal intensity. '? 


Stimuli were presented in pairs with the standard 
tone at a fixed frequency and the comparison tone 


TABLE 3. MEAN DIFFERENCE LIMENS IN HERTZ FOR FREQUENCY (Af), AND NUMBER OF PATIENTS 


SUCCESSFULLY COMPLETING THE TASK (N), FOR BOTH THE ANALOG AND 16 kHz AM SYSTEM 


Frequency (Hz) 
200 





50 100 315 500 630 

Analog 

Ascending Af 1.5 4.8 19.5 46.2 105.0 70.0 

(N) (6) (6) (6) (4) (3) (1) 

Descending Af 2.0 4.6 12.7 29.2 88.3 115.0 

(N) (6) (6) (6) (6) (3) (3) 
16 kHz AM 

Ascending Af 6.7 11.0 25.0 50.0 260.0 — 

(N) (6) (6) (3) (2) (1) a 

Descending ^f 2.5 6.2 25.0 20.0 55.0 — 

(N) (4) (6) (5) (2) (1) pa 
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Fig. 3. Mean ascending and descending frequency li- 
mens (Hz) for analog and AM carrier stimuli at 50, 100, 
200, 300, 500, and 600 Hz, for six subjects. 


varied. Ascending and descending trials were used. 
For the standard tones 50, 100, 200, and 315 Hz, 
steps of 1 Hz were used. For the standard tones at 
500 and 630 Hz, steps of 5 Hz were used. If the dis- 
tance between the comparison tone and the stand- 
ard tone exceeded one octave, the test was termin- 
ated. 


Patients were instructed to determine whether 
the pitch of the comparison was lower or higher 
than the pitch of the standard. This procedure was 
used instead of same/different or 4-interval forced 
choice methods since some patients could discrim- 
inate differences at high frequencies, but could not 
specify the correct direction. The frequency limen 
was taken as the point at which the patients cor- 
rectly responded to at least 75% of the comparison 
stimuli. 


Results. Figure 3 presents the mean ascending 
and descending frequency limens for the analog and 
16 kHz AM stimuli. In the figure, both ascending 
and descending frequency limens are presented 
since large differences existed between them, par- 
ticularly at high frequencies. In addition to the 
asymmetry of ascending and descending frequency 
limens for CI patients, the frequency limens may 
not be obtainable at high frequencies. For example, 
in Table 3 the frequency limens are presented along 
with the number of patients from whom they were 
obtainable. As the standard frequency increased, 
the number of patients successfully completing the 
task decreased. Thus, presenting frequeney discrim- 
ination results requires eareful description of the 
ranges of patient performance, the technique of 
measurement, and the proportion of patients cap- 
able of completing the task. 


When both the average of the frequency limens 
and the number of patients successfully completing 
the task are considered, the analog frequency 
limens were better at all frequencies than the 16 


kHz AM frequency limens. The analog stimuli fre- 
quency limens were within normal limits at 100 Hz 
and below; at 200 Hz frequency limens were ob- 
tained from all patients although they were larger 
than normal (>5 Hz), and above 200 Hz the fre- 
quency limens increased rapidly, and not all pa- 
tients could complete the task. For the 16 kHz AM 
system, the frequency limens were generally slightly 
poorer than normal even at the very low frequen- 
cies. At 200 Hz and above not all patients could 
compte the task. It should be‘noted that all of the 
preceding data are pooled across subjects. For one 
patient, frequency limens were consistently better 
for the 16 kHz AM system than for the analog, and 
for another patient, there was no appreciable dif- 
ference in frequency limens between the two 
stimui. It was also found that.two patients could 
distinguish 1000 from 2000 Hz stimuli but that dif- 
ferenees were qualitative, ie, no frequency limens 
could be obtained. , : 


The results obtained for the analog and 16 kHz 
stimuli in this study are not congruent with the 
findings of Bilger et al'! of better performance for 
the 16 kHz AM stimuli. However, it should be noted 
that the data from Bilger et al were obtained with 
patients using the House-Urban 16 kHz AM wear- 
able stimulator while this study used stimuli direct 
from a wave generator to the external coil. In addi- 
tion. the two analog patients studied by Bilger et al 
were using stimulators which were not described 
and different implanted electrode systems than 
were used in this experiment. 


CONCLUSION 


The present studies confirm that substantial limi- 
tatiens in frequency and intensity discrimination 
exist sor single-channel CI users. However, clinical 
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“ig. 4. Approximate discrimination limits and limiting 
factors for single-channel cochlear implant wearers super- 
imposed on normal auditory perceptual space for frequen- 
cy and intensity. 
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and experimental data generally indicate thet tem- 
poral cues are perceived normally by CI patients. 
Figure 4 shows the normal auditory perceptual 
space for frequency and intensity as well as the ap- 
proximate discriminable. space for the single- 
‘channel CI user. It is clear that at the presert time 
single-channel devices probably will not allow nor- 


'. mal: second and third formant tracking since fre- 


quencies are not easily discriminable above about 
500 Hz, Since CI patients do have relatively normal 
7 STOss, temporal perception, and intensity distortion 
alone. probably does not account for the lmited 


speech recognition, poor trequency discrimination 
is considered the most limiting single factor. 


A great deal of research has yet to be done to de- 
fine alternative methods of increasing frequency 
discrimination using single-channels of stimulation. 
However, as our data have revealed, waveform 
may be an important consideration as well as elec- 
trical configuration. It remains to be seen if slight 
improvements in psychoelectric performance will 
result in improved performance in the real world 
context for single-channel CI users. 


REFERENCES 


1. Merzenich MM, Michelson RP, Pettit CR, Schindler RA, 
Reid M. Neural encoding of sound’ sensation evoked by electrical 
- stimulation of the acoustic nerve. Ann Otol Rhinol Laryngol 
1973; , 82: :486-503. ; 


-2r House WF, Berliner KI, Crary WG, et al. Cochlzar im- 
plants: Ann‘Otol’ Rhinol Laryngol 1976; 85 Suppl 27:1-93. 


3. Tong YG, Black RC, Clark GM, et al. A preliminary 
report on a multiple-channe] cochlear implant operation. J 
Laryngol Otol 1979; 93:679-95. 


4. Eddington DR, Dobelle DH, Brackmann DE, Miadejov- 
sky MG, Parkin JL. Auditory prostheses research with nultiple 


channel intracochlear stimulation in man. Ann Otol Rhinol, 


Laryngol 1978; 87 Suppl 53:1-39. 


5. Simmons FB, Walker MG, Mathews RG, White RL. Per- 
cepts and discrimination by auditory nerve stimulation: a sum- 
mary of results and some proposals for nerve viability evaluation. 
In: McPherson DL, ed. Advances in prosthetic devices for the 
deaf: a technical workshop. Rochester, NY: National Instizute for 
the Deaf, 1978; 271-4. 


6. Michelson RP. Electrical stimulation of the human 
cochlea. Arch Otolaryngol 1971; 93:317-23. 


7. Michelson RP, Merzenich MM, Schindler RA, Schindler 
DN. Present status and future development of the cochlear pros- 
thesis. Ann Otol Rhinol Laryngol 1975; 84:494-8. 


8. Michelson RP, Merzenich MM, Petit CR, Schindler RA. A 
cochlear prosthesis: further clinical observations; preliminary 
results of physiological studies. Laryngoscope 1973; 83:1116-22. 


9. Herndon MK. Psychoacoustics and speech processing for a 
modiolar auditory prosthesis. Technical Report No. G906-5. 
Stanford Electronics Laboratories, Stanford University. 


10. Simmons FB. Electrica] stimulation of the auditory nerve 
in man. Arch Otolaryngol 1966; 84:24-76. 


ll. Bilger RC, Black FO, Hopkinson NT, et al. Evaluation of 
subjects presently fitted with implanted auditory prostheses. Ann 
Otol Rhinol Laryngol 1977; 88 Suppl 38:1-176. 


12. House WF, Edgerton BJ. A multiple-electrode cochlear 
implant: preliminary test results. Paper presented at West Coast 
Cochlear Prosthesis Conference, Seattle, 1980. 


VOWEL DISCRIMINATION WITH THE SINGLE-ELECTRODE 
COCHLEAR IMPLANT: A PILOT STUDY 


LAUREL J. DENT, FED 


Eight normal-hearing individuals and six single-electrode cochlear implan- users were asked to discriminate tape recorded pairs of 
spoken monosyllables consisting of 11 English syllabic nuclei /i, 1, e, €, æ, a, >». A , 0,0, u/ bounded by the consonant frame. A same- 
different paradigm was used. Most normal-hearing subjects discriminated all paizs intended by the talker as different; two normal listeners 
confused monosyllables containing /a/ and /9/. Cochlear implant users showed some intersubject variation, but for 4 of the 6 subjects, 
discriminations were consistent enough to allow the data to be pooled for ana ysis. The pooled data for these four subjects indicated that 
high front and high back vowels were discriminable from low vowels. The bess for the discriminations is difficult to evaluate, since the 
naturally spoken stimuli varied with respect to formant frequencies, fundamen-al frequency, intensity, and duration. 


The single-channel cochlear implant has been 
demonstrated to be highly successful in reuniting 
the profoundly deafened adult with the world of 
sound. '? Not only does the implant permit the user 
to reestablish auditory contact with the environ- 
ment, but it greatly facilitates participation in 
spoken communication. With the implanż, the user 
can monitor and hence better regulate his or her 
own voice, and speech reception is improved in sev- 
eral respects. First, lowered audiometric thresholds 
(relative to those measured prior to implantation) 
result in the cochlear implant user’s ability to follow 
the voice of someone speaking at a comfortable con- 
versational level. This reduces the amount of effort 
required on the part of both the talker and the 
listener to communicate and receive messages. Sec- 
ondly, the implant provides the user with useful in- 
formation to supplement what he or she obtains 
through speechreading. Thirdly, cochlear implant 
users do better with the implant than with a hear- 
ing aid on a task requiring the listener to identify 
which of four words he or she has heard. where the 
words differ only with respect to the initial or final 
consonant.’ 


In the present discussion we ask to what extent 
the single-electrode cochlear implant user can dis- 
tinguish between spoken pairs of English monosyl- 
lables that differ from each other only with respect 
to the vowel nuclei. The ability to recognize the 
vowels of one’s language is an importart prerequi- 
site for speech understanding. (The word “‘prere- 
quisite” is appropriate because the identity of con- 
sonants is signalled in part by the formant transi- 
tions contained in the adjacent vocalic portions of 
the speech wave.**) For example, a spondee recog- 
nition test for the assessment of speech reception 
ability on the part of hearing-impaired listeners de- 
veloped by Erber‘ has been asserted by Risberg and 
his associates’ to be largely a test of vowel recogni- 
tion. 


To our knowledge, the present study represents 
the first report of cochlear implant user’s ability to 


4] 


discriminate English syllable nuclei produced in a 
cons>aantal context by a human talker. (The “Vow- 
el T24” of the Minimal Auditory Capabilities Test 
Batte-y is a closed set vowel identification test, 
rath=- than a discrimination test. Most recent re- 
sults əf cochlear implant subjects’ performance on 
the Vowel Test are reported by Owens and Telleen® 
and əy Herndon.’) Other investigators have re- 
ported the performance of cochlear implant users in 
discriminating synthetically generated vowels and 
vowel-like sounds. Bilger et al’s results’? show that 
cochlear implant users can distinguish between 
single-formant vowels having center frequencies 
cha-acteristic of the high back vowel /u/ and of the 
low vowel /a/. Eddington" used two synthetically 
gen=-ated high vowels /i, u/ and one low vowel /a/ 
anc -eported that /i/ and /u/ were each discrimin- 
able from /a/ and from each other. (Subjects’ best 
per-ermance on this task was obtained with the use 
of < »articular signal processing scheme for a multi- 
ple-channel electrode system.'') Clark and his asso- 
ciates’? have reported that different “vowel-like 
sensations” have been induced by different parame- 
ters of electrical stimulation of the implanted elec- 
trodes in their subject, although no vowel discrim- 
inatson tests have been administered. 


Vewels produced by human talkers vary with re- 
spec: to their spectral characteristics'*"'© and sec- 
ondary characteristics.'*'? Spectral characteristics 
include the frequencies of the first three formants, 
whieh correspond to the first three resonances of the 
vocal tract, spectral balance, and, in a consonant- 
vowel-consonant (CVC) context, the first-, second-, 
ani third-formant transitions. That vowel quality is 
de-ermined by the frequencies of the first three for- 
ments is amply documented.'*'* High vowels are 
chacacterized by a low first formant, for example, 
while low vowels have a relatively high first for- 
mamt. Spectral balance refers to the distribution of 
en2-gy throughout the amplitude spectrum. For 
high front vowels energy is concentrated in the 
high-frequency region of the spectrum, for low cen- 
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tral vowels in the middle-frequency range, and for 
high back vowels in the low-frequency region.'® In 
a single consonantal context, different vowels show 
different formant transitions to the adjacent con- 
sonants.'*'? These three properties of vowels are 
considered to be primary because they are crucial 
for identification of vowels by normal listeners. 
That is, changing one of these characteristics by a 
sufficient amount will cause the listener to perceive 
a change in vowel quality. 


The secondary characteristics of vowels are the 
voice fundamental frequency, duration, and inten- 
sity of the vowels. These three parameters are ob- 
served to vary systematically with changes in vowel 
quality.'®'” For instance, low vowels produced by a 
human talker tend to be characterized by lower 
fundamental frequency, greater intensity, and 
greater duration than high vowels. This generaliza- 
tion seems to hold for vowels of many languages,” 
and therefore these secondary attributes are consid- 
ered intrinsic to the vowels they characterize (al- 
though it is certainly possible for humans to pro- 
duce vowels with secondary characteristics other 
than the values considered to be “intrinsic” to each 
vowel). As such, they constitute potential contribu- 
tors to the identities of these vowels.*°”? 


Synthetic approximations to English vowels can 
be produced with or without appropriate values of 
secondary characteristics. It might be argued that, 
when presented with two synthetic vowels of the 
same duration, intensity, and fundamental fre- 
quency, regardless of any spectral differences be- 
tween the vowels, a listener is not being given a fair 
chance to identify the sounds as speech sounds, ie, 
as sounds emanating from a human vocal tract, be- 
cause the vowels are not produced in the wav that 
they would be in nature (Lea W, personal observa- 
tions). 


A certain amount of confusion between spoken 
vowels adjacent in the vowel triangle (as defined 
by, say, an F1-F2 plot) is expected on the part of 
normal listeners, and most normal listeners seem to 
be able to identify certain vowels with greater ac- 
curacy than others.'’ It has been shown that syn- 
thetically produced vowels are more accurately 


TABLE 1. COCHLEAR IMPLANT SUBJECTS FOR 
PILOT STUDY 


Age at No. 
Profound Years 


Subject Age Sex Loss Deaf Etiology 


l 53 F 29 24 Ototoxic drugs 

2 63 M 52 11 Meningitis 

3 39 M -7 — Cochlear otosclerosis 
4 53 F 44* — Cochlear otosclerosis 
5 46 F si — Cochlear otosclerosis 
6 51 M 30 21 Ototoxic drugs 


* Gradual loss becoming profound at the age listed. 

**Subjects 3 and 5 both have progressive hearing losses that have 
become worse very recently. They still have some residual hearing. so age 
at profound loss is not applicable. 


identified by normal listeners if they are embedded 
in a CVC context than if they are presented in isola- 
tion.” 

The two foregoing considerations suggest that a 
test of the ability to distinguish vowels as it is ap- 
plied to the perception of human speech should be 
based on stimuli that provide the listener with all of 
the cues which are naturally available to a human 
listener when he or she decodes speech produced by 
a human talker. (We recognize that in order to an- 
swer certain types of questions definitively, tests of 
discrimination of synthetic stimuli may be more ap- 
propriate.) Equipped with these assumptions, we 
constructed a test requiring a subject to discrimi- 
nate between tape recorded pairs of spoken mono- 
syllables that consisted of 11 English syllable nuclei 
bounded by a single consonantal frame. 


METHODS 


Two groups of listeners participated. Eight normal-hearing 
native speakers of English, four males and four females, com- 
prised one group. Six cochlear implant users, all profoundly 
hearing-impaired native English-speaking listeners, made up the 
second group. Three were female and three were male. Normal- 
hearing listeners ranged in age from 24 to 52 years with a mean of 
33 years. The hearing-impaired listeners’ ages ranged from 39 to 
63 years with a mean of 51 years. Tables 1 and 2 list some of the 
characteristics of the six cochlear implant users. All subjects have 
bilateral profound hearing loss. It can be seen that there was no 
attempt made to match these subjects for etiology of deafness, age 
of profound loss, or length of experience with the implant (Table 
1). Four of the six subjects had had their right ear implanted 
(Table 2), and of these, two had some residual hearing in the left 
ear, in which they customarily used a hearing aid (although the 
tests reported here were administered via the implant only). All of 
the hearing-impaired subjects were right-handed. They also had 
in common the fact that they were all postlingually deafened 
adults who used their implants virtually all day every day (Table 
2). 


The instrumentation and calibration procedures differed for 
presentation of stimuli to normals and cochlear implant users. For 
presentation to normal listeners, the output of a tape deck (Ampex 
ATR-700) was routed to an amplifier (Crown D75) and then fed 
to a speaker (Allison 2043) in a double-walled sound suite 
(IAC-400 series). To calibrate the level of stimulus presentation 
on different testing occasions, we recorded a 1000 Hz tone on a 
section of the audio test tape preceding the recorded speech 
materials. The experimenter adjusted the amplification level to 
one the normal subject identified to be a comfortable listening 
level. The level of the calibration tone was registered by a sound 
level meter (General Radio 1933 Precision Sound Level Meter). 
Readings for the eight normal subjects in the pilot study varied 
from 57-76 dB SPL. 


For presentation to the cochlear implant users, the output of a 
tape recorder (Ampex ATR-700) was amplified (Crown D75 Am- 


TABLE 2. COCHLEAR IMPLANT SUBJECTS FOR 
PILOT STUDY 


Length of 
Experience No. Hours Hearing Aid in 
Implanted With Daily Im- | Unimplanted 
Subject Ear Implant __plant Use Ear 
] R 7T yr 14-16 No 
2 L l yr 14-16 No 
3 R 4 mo 14-16 Yes 
4 L 2 yr 14-16 No 
5 R 1 mo 10-14 Yes 
6 R 7.5 yr 12 No 
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TABLE 3. COCHLEAR IMPLANT DISCRIMINATION 








PERFORMANCE 
Same % Correct Different  % Correct 
Subject Items Same Items Di it 
l 55 93 550 50 
4 55 78 550 46 
5 55 89 550 50 
6 55 90 550 62 
2 44 70 440 47 
3 44 18 440 89 


plifier) and routed to the input of a standard hearing aid test box 
(Bruel and Kjaer 4212). A microphone (Knowles miniature) was 
placed in the test box, and the output of the microphone (Bruel 
and Kjaer 2.5 cm [1 in] condenser microphone 4133) adjacent to 
the first allowed monitoring of the sound pressure in the test box 
on a measuring amplifier (Bruel and Kjaer type 2609). All stimuli 
were delivered at a level of 70 dB SPL as measured for the 1000 
Hz calibration tone. 


The speech materials for the pilot study consisted of 9 English 
words and 2 nonsense words, for a total of 11 stimulus types. 
These are composed of the following 11 English vowels in a 'b_t/ 
context: /i, I, €, €. a, a, A ,3, 0,2, u/. Of course, /bat/ and /but/ 
do not constitute lexical items of English. Each stimulus was com- 
bined with other stimuli including itself, for a total øf 12 stimulus 
frames. The order of the 121 stimulus frames was randomized, 
and a list of the pairs was drawn up. 


The list was read by a male talker who sat in a double-walled 
sound suite (IAC-400 series). A microphone (Electrovoice RE-15) 
was positioned approximately 30 cm from the talker’s mouth. The 
signal was recorded on a tape recorder (Ampex ATR-700) at 7.5 
inches (19 cm)/s. An intrastimulus interval of approximately 200 
ms was used, and the interstimulus interval was approximately 
three seconds. There was a pause of approximately 20 seconds 
after every 20 items. The talker uttered the individual tokens as 
naturally as possible. Therefore there was variation in duration 
and intensity of the tokens. There was some effort, however, to 
utter the words on a consistent pitch, in order to avoid the possible 
signaling effect of falling intonation at the ends of the groups of 20 
pairs. Still, the fundamental frequency of the talker’s voice did 
vary to some degree, often providing an additional cue for dis- 
criminability between items in a stimulus pair. The plosive at the 
end of each stimulus was exploded. 


Each subject was tested individually. The subject was seated in 
the sound booth. For the normal subjects, a comfortable listening 
level was determined by the method of limits, and for the 
cochlear implant users, by the method of adjustment, ie, the user 
adjusted the controls on his or her own stimulator unit. The nor- 
mal subjects took the test without practice, while the cochlear im- 
plant users were given one presentation of the test list as practice. 
The normal subjects were given the following instructions: 


You will hear a list of word pairs. For each pair of words 
that you hear, please decide whether the words are the 
same or different, and indicate your decision by putting an 
X through the S for “same” or through the D for 
“different” on your answer sheet. After 20 pairs there will 
be a long pause. There are 121 pairs in all. 


The cochlear implant users were given these instructions: 


You will hear a list of word pairs. For each pair of words 
that you hear, please decide whether the two words sound 
the same or different to you, and tell the person running 
the test either “same” or “different.” Each word is a one- 
syllable word. Do not be concerned with what the words 
are. We just want you to say whether they are the same or 
different. If you are not sure, please make a guess. After 
each 20 pairs there will be a long pause. 


Don’t worry about making mistakes. Even normal-hearing 
people have made mistakes on this test. Besides, we learn 
from your mistakes. They tell us what has to be done to im- 


poove the implant. So sit back, relax, and just do the best 
yer can. First we will do a practice test. If there is time to- 
da~, we will do another test. If it is too late, we will repeat 
the test another day. 


Each»ormal subject took the test once. The test was administered 
at lec= four times to each cochlear implant user. The normal sub- 
jects æcorded their own judgments on a response sheet. The 
cochar implant subject communicated his or her response for 
eacherair either by signing or mouthing the words “same” or “dif- 
ferert ” The subject’s responses were recorded on an answer sheet 
by thesexperimenter, who sat outside the booth watching the sub- 
ject tarough the window. 


RESULTS AND DISCUSSION" 


The results take the form of matrices with 11 
rowsand 11 columns, or 121 cells. Since each of 11 
vowels was combined with each other vowel in- 
clucimg itself, 11 of the pairs (on the diagonal) are 
the same, and there are 110 different pairs. On each 
occaion that a subject took the test, he or she had 
one chance to judge each same pair and two chances 
to j elge each different pair (if the ordering of the 
mer-bers of each pair is disregarded). 


Tke lexical items are arranged along the matrix in 
the Hllowing fashion: high front vowels are at the 
top 2roceeding to low front vowels, then low back 
vowels, and finally to high back vowels at the bot- 
tom as if we were to go around the periphery of the 
vowel triangle from high front to high back 
vowels). Across the tip, the same order is followed 
from left to right, so that high front vowels are on 
the Left, low (front and back) vowels in the middle, 
anc nigh back vowels on the right. This means that 
in the upper left corner of the matrix are the pairs 
corsssting exclusively of high front vowels. The 
lower left corner contains the pairs of syllable nuclei 
tha: each consists of a high front vowel and a high 
bad- vowel, while the lower right corner contains 
the =t of pairs of high back vowels. The pairs con- 
tainmg high front vowels and low vowels are along 
the Bottom of the matrix. Low vowel pairs are to be 
fours near the center of the diagonal. 


Tae results for the eight normal subjects were 
pocEd into an 11 x 11 confusion matrix. Every sub- 
ject correctly labelled every pair intended as the 
sam + by the talker, with one exception (/bat bat/). 
Eve y pair intended by the talker as different was 
judged as such by every normal listener except two, 
whe confused the items /bat/ and bought. This is 
not surprising, as there are several dialect areas in 
the 2ountry where no distinction is made between 
the vowels in cot and caught.’* 


Tiere was some intersubject variation among the 
coctlear implant users’ patterns of discrimination 
(Ta ale 3). Four subjects took the test five times, had 
55 —iances to judge same pairs, and scored between 
75-45% correct on these pairs. On the average they 
com=ctly identified about half of the different pairs 





*T™ese results have been discussed with a different emphasis in a presen- 
tatieam by Dent and Edgerton.” 
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as different. Two subjects took the test four times 
each and had 44 chances to judge pairs that were 
the same. Subject 2’s performance resembles taat of 
thé other four- subjects, but subject 3 clearly had 
some.response bias toward the judgment “diffe-ent.” 
`- He correctly identified 89% of the different pairs as 
-` Such, but only 18% of the same pairs did he correct- 
© ly label as the same. 


' . In spite- of the fact that most cochlear implant 
users judged only about half of the different pairs 
. correctly, the patterns of discrimination that they 
were able to accomplish were not random. Subject 
1 took’the test five times and so had ten chanzes to 
judge each: pair of different monosyllables. This 
‘subject had little trouble discriminating monosyl- 
lables containing high and middle back vowels from 
those containing low vowels /æ/ and /a/, and was 
‘able to.discriminate the words with high front vow- 
els from the words with the low front vowe. at a 
level better than chance. 


Subject 2 took the test four times and henc2 had 
eight chances to judge each of the different airs. 
Like subject 1, subject 2 was able to discriminate 
the monosyllables containing back vowels from 
those having low and middle front vowels, with a 
couple of exceptions. Also like subject I, he 
discriminated the monosyllables with high front 
vowels from one with a low central vowel. In addi- 
tion, subject 2 was able to discriminate the word 
containing the high front vowel /i/ from those con- 
taining high and middle back vowels. Furthermore 
there is some indication that bought (low back 
vowel) was distinguishable from syllables: contain- 
ing two higher back vowels. Finally there are two 
pairs beat-bait and /bot/-boot which this subject 
was able to discriminate at a level higher than 
chance. 


Subject 3 also took the test four times, so he had 
four chances to judge each same pair and eight 
chances to judge each different pair. As noted 
above, subject 3 seemed to have a response bias 
toward “different,” as indeed practically every pair 
sounded different to him, including many af the 
pairs that the talker intended as the same. 


Subject 4 took the test five times. (For the first 
two test trials, subject 4 used the stimulator unit to 
which she was accustomed, while for the last three 
trials she had been given another stimulator unit. 
The pattern of pooled results for the first two trials 
are slightly different from those for the last three.) 
This subject’s discriminations patterned slightly dif- 
ferently from those of subjects 1 and 2 in that mono- 
syllables containing the high back vowel /u/ seemed 
discriminable from virtually everything else. This 
subject was also able to discriminate the syllables 
containing the high front vowel /i/ from those with 
the back vowels. In addition, subject 4 discrimin- 
ated between words containing back vowels and 
front vowels, between those with high front vowels 


and low vowels, and between high and middle back 
vowels and low vowels. 


The last two subjects, 5 and 6, were the best sub- 
jects in terms of their ability to apply consistently 
the same label, same or different, to a given pair. 
Subject 5 accurately judged more same pairs as 
same than any other subject, followed by subject 6. 
At the same time, these two subjects also led the 
others in numbers of pairs consistently discrimin- 
ated, subject 6 with the highest number of matrix 
cells representing pairs judged different each time 
they occurred in the test. Subjects 5 and 6 each took 
the test five times. 


For subject 5, monosyllables containing high 
front vowels were discriminable from those con- 
taining low vowels. The word bought was distin- 
guishable from nearly everything except but and 
bat. Syllables with back vowels were discriminable 
from those containing /æ/ and /a/, both low vowels. 
The syllable containing the middle front nucleus /e/ 
was distinguishable from those containing high 
back nuclei. There is some evidence that tense and 
lax syllable nuclei were distinguishable, as bet and 
but (lax nuclei) were discriminated from bat and 
/bat/ (tense nuclei) at a level higher than chance. 


Subject 6 discriminated high front vowels and 
high back vowels from low vowels. Again there was 
evidence that tense/lax syllable nuclei could be 
discriminated by subject 6 (as by subject 5). Other 


z so onpa 
a E 
OQaOaNnkRA~ ~ Oo o o. 

beat 

bit 18 

bait 32 

bet 

bath R ist 

/bat/ 42 RE 368.76 

bought 0 (74) 55 55:42 3747 | 

boat 29: 60: 47 166.@9 63 55. 79} 

/put/ 50 6342169 OP? 171126 

boot 39 66 79 58 G 68 89: A 


Fig. 1. Percentage of stimuli pairs judged different by 
Seen: implant (CI) subjects at a level higher than 
chance. Numbers have been entered in every cell that 
represents a pair that was discriminated at a level higher 
than chance by at least one of the four subjects. A blank 
cell indicates that no subject discriminated the pair in 
peel at a level higher than chance. Dotted lines enclose 

ose pairs that were discriminated at a level higher than 
chance by the aggregate of subjects. Circles represent those 

airs that every one of the four subjects discriminated at a 
evel above chance. 
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Fig. 2. Stimuli regrouped into tense and lax syllable nu- 
cleus classes. The pairs of monosyllables containing only 
tense vowels are represented in the upper left-hand corner, 
while the lax/lax syllable nucleus pairs are in the lower 
right. A line is drawn around all of the pairs ia which one 
word contains a tense syllable nucleus, and the other a lax 
syllable nucleus. Squares represent syllable pairs that were 
discriminated at a level higher than chance by the aggre- 
gate of subjects. Circles represent pairs that were discrim- 
inated by every subject at a level hes than chance. 


highly discriminable tense/lax pairs are beat-bit, 
beat-/b u t/, boot-bit, and boot-/b bt’. Subject 6 
was able to distinguish the low back syllable nucleus 
(bought) from all other back syllable nuclei. 


Four of the subjects’ judgments seemed to pattern 
in a similar fashion, so the results for these four sub- 
jects are pooled in Figure 1. The number in each 
cell represents the percentage of pairs judged dif- 
ferent by the four subjects. Looking at the cells con- 
taining circled numbers, we see that words with 
high and middle back vowels /u, ð, 9/ are distin- 
guishable from those with front and central low 
vowels. The class of back vowels are those with the 
first and second formants closely approximated to 
each other and located below the region of about 
700-800 Hz (for a male talker). For the low vowels 
/æ/ and /a/, the first two formants are also relative- 
ly closely approximated, but the center of spectral 
gravity is higher for these two vowels. This observa- 
tion is in agreement with the results reported by 
Bilger,'® ie, cochlear implant users can distinguish 
between single-formant vowel-like stimuli with 
center frequencies approximating those of high 
back vowels and low vowels. 


A second group of highly discriminable syllable 
nuclei are those composed of high front vowels and 
low vowels. The rest of the monosyllables that were 
discriminated at a level above chance by the aggre- 


gate are distributed around these two cores of 


highly discriminable words. 


Finally, there is evidence that cochlear implant 
uses can distinguish tense and lax syllable nuclei. 
Terse vowels, according to Jakobson et al,” are 
prccuced with “a longer sound interval” than their 
lax counterparts and with “a greater sum of the de- 
vian of their formants from the neutral position.” 
Ths tense vowels tend to be considerably longer 
than their lax counterparts. (In English, tense syl- 
latde nuclei are distinguished from lax ones on the 
basis of their distribution in syllables as well. Tense 
vowels can occur both in open syllables and closed 
syl ables, whereas lax vowels can occur only in 
clG@ed syllables. Thus words exist that end in /i, e, 
o, 4 but not in /I, €, x, ul.) 


a Figure 2 we have regrouped the lexical items 
into tense and lax syllable nucleus classes. A line is 
drawn around all of the pairs in which one word 
coaiains a tense syllable nucleus, and the other a lax 
syllable nucleus. The rationale for including / ə / as 
a -ense vowel?” is that sound changes in English 
have had the effect of expanding the occurrence 
pr wileges of the phoneme / 9 / so that it can now oc- 
cur in word-final position, eg, law, saw. As a 
“phonologically tense” vowel, then, / 9/ has been 
leagthened.”* Similarly /a/ has become long and 
tease in many dialects,’ although it is still barred 
from occurring in open syllables. The case of /a/ is 
alse special. This vowel can occur in open syllables 
of certain borrowings (eg, Shah, spa) but not in 
nzfive English words. It happens, however, to be a 
langer vowel than the other vowels of English, in 
accordance with the universally observed tendency 
fcr low vowels to be longer than high vowels (all 
ebe being equal).'? Therefore although /a/ is 
“phonologically lax,” it is phonetically long in com- 
parison to the other lax vowels of English. Pairs of 
n cnosyllables containing /a/ have been set off by a 
dotted line in Figure 2. 


Every square shown in Figure 2 represents a 
Sy lable pair that was discriminated at a level 
Fher than chance by the aggregate of subjects. 
Mst of the squares fall within the boundaries of the 
cemarcated class of tense/lax pairs. 


From the data presented here we can say that 
rionosyllables containing high back syllable nuclei, 
ad, to a lesser extent, those containing high front 
syllable nuclei, can be distinguished from monosy]- 
tables containing low syllable nuclei by single-elec- 
‘rode cochlear implant users. In addition, cochlear 
implant users are able to distinguish words contain- 
Tg tense nuclei from those containing lax nuclei. In 
order to determine the basis for these discrimina- 
“ions, controlled studies with synthetic vowel stimu- 

i are indicated. 
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EFFECTS OF THE SINGLE-ELECTROLCLE COCHLEAR IMPLANT ON 
THE VESTIBULAR SYSTEM OF THE POFOUNDLY DEAF ADULT 


LAURIE S. EISENBERG, MA 


JAMES R. NELSON, MD 


WILLIAM F. HOUSE, MD 


Twenty-two profoundly deafened adults, implamted with the single-elect-ade cochlear implant, were involved in a study to observe 
the effects of cochlear electrical stimulation on the vestibular system. Previous imvestigators had found evidence that the implant might 
disrupt postural stability. As there had been no general complaints of dizziness or dysequilibrium by the implant subjects, a study was 
undertaken to replicate the earlier study and to compare the results to more sandardized procedures. A Sono-Postural Test was devised 
from the Ataxia Test Battery for the testing of balance with and without an auditory prosthesis. Electronystagmography ‘was also per- 
formed on the subjects before and after surgery as a means of monitoring vesti ular status over time. Results from these tests indicate that 
the single-electrode implant does not disrupt the balance system to any significant degree. In fact, evidence indicates that postural stability 


may actually improve with the cochlear implant activated. 


Because of the close proximity of the vestibular 
apparatus to the cochlea any deliverance of an elec- 
trical stimulus to the hearing mechanism may also 
activate the balance system. As early as the begin- 
ning of the 19th century, Ritter’ and Augustin? in- 
dependently published reports of vertigo being 
evoked as a result of an electric current sent through 
the head. Purkinje? additionally noted nystagmus 
being elicited and equilibrium disrupted due to gal- 
vanic stimuli delivered to the labyrinth. The issue 
must therefore be of concern to those involved in 
the study of implanting electronic prosthetic devices 
as an aid to the profoundly deaf. 


The House Ear Institute (HEI) in Los Angeles has 
been involved in the development and evaluation of 
such a device.*-® Under the direction of William F. 
House, MD, profoundly deaf adults have been im- 
planted in the scala tympani with a single-elec- 
trode, induction coil device. The implanted coil is 
electrically stimulated by an external induction coil 
via magnetic field induction through intact skin. 
This external coil is connected to the battery-driven 
stimulator unit, which delivers to the internal coil a 
16 kHz carrier wave that is amplitude modulated 
by the electrical analog of the auditory signal. 


In 1976, a group of independent investigators 
from Pittsburgh evaluated 13 subjects fitted with 
single-electrode cochlear implants in order to ob- 
serve the benefits and side effects of electrically 
stimulating the cochlea.’ Eleven of those subjects 
had been implanted by House. One aspect of the 
Pittsburgh study involved evaluating the effects of 
cochlear electrical stimulation on the vestibular 
system. Computerized Posturography was the 
method employed.* This recording of the Classic 
and Sharpened Romberg Test on a computerized 
platform allowed for quantifying vestibular status 
with and without the implant activated. The inves- 
tigators reported the following results: “All 13 sub- 


jects cemonstrated evidence of additional instabil- 
ity by one or more of the posturography test mea- 
sures employed when tested with their unit on and 
the cain set for use in usual circumstances.” 81149 
This was particularly noted in testing with eyes 
closed. It was, therefore, suggested that the coch- 
lear mplant had a galvanic effect on the vestibular 
system. A closer look at the individual subject data, 
however, shows that there was also some improve- 
men: in postural stability on 1 or more of the 16 
measures for most of the subjects. In addition, 
postural stability seemed to show some improve- 
men- when the implant was activated and a broad- 
band noise stimulus was delivered simultaneously. 


Su bjectively, the HEI implant subjects do not re- 
port any specific balance problems or dizziness 
com).aints when using the stimulator. Some sub- 
jects do experience some vestibular symptoms such 
as oseillopsia or problems when walking in the 
dark. This, however, is a result of absent vestibular 
function secondary to the etiology of their inner ear 
proklem, and was experienced prior to implant sur- 
gery- Most subjects do report slight dysequilibrium 
immediately postsurgery. (As a clinical observation, 
House reports this immediate postoperative un- 
steadmess seems to be less than seen in patients 
undergoing stapes surgery.) This disappears within 
a week or two following surgery. The subjects are 
not zven the stimulator unit until two months post- 


Surgery. 


Several subjects at the beginning of implant use 
did -eport some lightheadedness. These subjects are 
curreatly using the implant 12-14 hours a day and 
have not had these complaints since initial stimu- 
laticn. If anything, subjects have reported either no 
chamge, or that equilibrium seems somewhat more 
stable with the implant activated. 


As there are no general complaints of balance 
problems by the subjects when using the implant, 
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*Subjects in order of entry into the cochlear implant program at HEI. 


and the posturography data appear somewkat in- 
consistent, a test protocol was devised to further in- 
vestigate the Pittsburgh conclusions and determine 
if electrical stimulation of the cochlea disrupts the 
balance system to any significant degree. 


METHODS 
SUBJECTS 


Twenty-two profoundly deaf adults implanted by House par- 
ticipated in this study. All subjects met the following criteria for 
implantation set by HEI: 


1. 100+ dB HL bilateral, audiometric pure-tone responses 
averaged for the speech frequencies. 

2. No speech reception threshold with a hearing aid, using a 
closed set of ten spondees. 

3. Neural responses from electrical promontory testing.*”’ 


The implant subjects were divided into two groups. Lor g-term 
implant users were those subjects receiving electrical stimulation 
for over a year. Nine subjects were in this group. Short-term im- 
plant users were those subjects with less than one year of usage. 
Nine subjects were in this group. On four subjects, only preopera- 
tive data was collected as the study ended prior to their avatla- 
bility for posttesting. It should be noted that due to subjec< avail- 
ability (ie, illness, out-of-town, etc) not all subjects were able to 
participate in all test measures. 


Subjects ranged in age from 25 to 67 years, with a mear age of 
50.9 years. All but one subject were postlingually deafened. Ettol- 
ogy for the subject group included the following: ototoxicity, 
cochlear otosclerosis, meningitis, trauma, scarlet fevec, and 
Cogan syndrome. In several subjects the diagnosis was unknown. 


Most of the subjects had received implant surgery on o2¢ side 
only. Three subjects, however, had received bilateral im>lants, 
with only one (subject 15) currently receiving binaural simula- 
tion. For a summary on the individual subjects, refer to Table 1. 


oo A 50 Ototoxicity 30 Rt 6/70, Lt 10/72 
2. 5- 50 Ototoxicity 39 Rt 5/72 
3 ` (are 47 Unknown Birth Lt 86/73 
: 4 8 66 Otosclerosis 45 Lt 11/73 
5 9. 57 Unknown 35 Rt 1/74 
6 ll 4] Renal infection/ototoxicity 23 Lt 6/74 
‘7 12 60 Meningitis 53 Lt 7/74, Rt 1/77 
8 ` 13 61 Otosclerosis 44 Lt 7/74 
ae $ 16 67 Otosclerosis 55 Rt 7/74 
. Short-term: group 
_ 100 = 20 53 Otosclerosis 40 Rt 4/77 
ee 21 54 Scarlet fever 37 Rt 4/77 
Pe de. GS 22 25 Meningitis/ototoxicity T Rt 8/77 
eae) 23 51 Otosclerosis 45 Lt 8/77 
eel 24 58 Otosclerosis 37 Rt 2/78 
7.1 25 64 Meniére’s/ototoxicity 61 Lt 3/78, Rt 6/78 
16 27 63 Ototoricity 51 Lt 4/78 
iT. 28 57 Meningitis 13 Rt 4/78 
18: 29 37 Cogan syndrome 32 Lt 4/78 
Group with hearing 
aid data only 
19 26 39 Unknown 34 Rt 4/78 
20 30 61 Ototoxicity 57 Lt 5/78 
21 31 52 Bilateral basilar skull fracture 23 Lt 6/78 
22 4] 34 Malaria/ototoxicity 5 Rt 1/79 


MATERIALS AND PROCEDURES 


Electronystagmography (ENG). All prospective implant candi- 
dates were tested by electronystagmography as part of the initial 
evaluation. The ENG results do not affect the subject's selection 
for the program, but rather aid in further defining the subject’s 
status. Horizontal eye movements were tested on a single channel 
Instrument and Control Systems nystagmographic recorder. The 
testing included the following procedures: 

.1. Spontaneous nystagmus — eyes open and eyes closed. 

2. Positional nystagmus — eyes open and eyes closed: supine, 
left, supine right, supine left, postural right, postural left, 
head hang right, head hang left. 

3. Pendular tracking to observe smooth pursuit movements of 
the ocular system: both eyes together, right eye only, left 
eye only. 

4. Fitzgerald-Hallpike Bithermal Caloric Test to determine 
status of vestibulo-ocular function: 30°C, right and left; 
44°C, right and left; observation for fixation suppression; 
ice water testing and positional inversion if indicated. 


For those subjects involved in this special vestibular study, 
ENG data was collected postoperatively after a period of stimu- 
lation in order to observe any changes over time. 


A more expanded test battery was devised for a small group of 
subjects to seek any possible central vestibular findings. This 
evaluation involved testing for disconjugate eye movements." 
Seven electrodes were employed for monocular recordings, and 
the subjects were tested on the Beckman 4-channel Dynagraph. 
In addition to the standard screening procedure, optokinetic ny- 
stagmus (6 and 13 rpm) and torsion swing testing were included. 
A small group of subjects were additionally tested postoperatively 
but prior to receiving their stimulator units, for the purpose of ob- 
serving the direct effects of surgery. 


Ataxia Test Battery. The Ataxia Test Battery of Graybiel and 
Fregly'"! and Fregly et al'-!* is a measure devised for assessing 
vestibular ataxia. According to Fregly,'*” =} vestibular ataxia is 
defined as “a person’s limited ability to coordinate voluntary 
muscular movements while walking or standing due to the 
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TABLE 2. STATUS OF VESTIBULAR FUNCTIONING 
eee —_0 eee Oe 


Subject Ear 


Electronystagraegraphy Ataxia Test 
No. Implanted Presur Fostcochlear Implant - Battery Results 
1” Rt, Lt Bilateral hypoactive caleric response Nowresponse to calorics bilaterally Positive 
Rt beating spontaneous nystagmus No spontaneous nystagmus 
2° Rt Rt beating spontaneous nystagmus Normal ENG Negative 
Direction changing positional nystagmus 
3 Lt Response to ice calorics with eyes open Inappropriate direction of beating to ice Positive 
only water, eyes open 
Lt beating positional nystagmus Ne positional nystagmus 
4 Lt No response to calorics bilaterally No response to calorics bilaterally Positive 
Direction changing positienal nystagmus No positional nystagmus 
5 Rt Bilateral hypoactive caloric responses No response to calorics on It ear Positive 
Resdense on rt only to ice . 
7 Rt, Lt Borderline bilateral hypoactive caloric Bilateral hypoactive caloric response Borderline 
response 
Rt ae positional nystagmus Lt beating positional nystagmus 
8 Lt Bilateral hypoactive caloric response No æsponse to calorics bilaterally Negative 
Lt beating positional nystagmus No positional nystagmus 
10 Rt Normal ENG Nornal ENG ~ Negative 
11 Rt RVRĦ on rt ear RVR cn rt ear Negative 
Sligh t beating spontaneous nystagmus 
12 Rt No response to calorics bilaterally No reponse to calorics bilaterally Positive 
Lt beating spontaneous and positional No spontaneous or positional nystagmus Positive 
nystagmus 
13 Lt RVR on rt ear RVR an rt ear Negative 
14 Rt Normal ENG Bilate=al hypoactive calcrics Negative 
Slight rt beating spontaneous nystagmus 
15 Rt, Lt RVR on lt ear RVR emit ear Positive 
16 Lt Rt beating directional preponderance Normal ENG Negative 
17 Rt No response to calorics bilaterally No response to calorics bilaterally Positive 
18 Lt No response to calorics bilaterally No response to calorics bilaterally Positive 


“Tested prior to second surgery. 
TRVR - Reduced vestibular response. 


Significant positive relation between ENG and the Ataxia Test Battery (Fisher's test, p<_(5). 


absence, disturbance or loss of function of the vestibular ap- 
paratus.” This test measure was chosen for the purpose of gather- 
ing baseline information as a means of defining vestibulospinal 
function. Because this test battery had been standardized and ap- 
plied to groups with varying degrees of vestibular function 
loss,'*'’ it was believed to be an adequate index for classifying the 
subject with respect to postural performance, and as an alter- 
native measure to compare with the results of Computerized 
Posturography. 


The battery includes the following seven different subtests: 
1. SR= Sharpened (Tandem) Romberg. 
a. Feet heel-to-toe; arms folded; eyes closed. 
b. Four trials; one point per second of holding stance. 
2. Walk E/O=walk on 2 cm (*, in)-wide rail, eyes open. 
a. Feet heel-to-toe; arms folded. 
b. Five trials; one point per step taken. 
3. Stand E/O=stand on 2 cm (*, in)-wide rail, eyes open. 
a. Feet heel-to-toe; arms folded. 
b. Five trials; one point per second of holding stance. 
4. Stand E/C = Stand on 5.6 cm (2'4, in)-wide rail, eyes closed. 
a. Feet heel-to-toe; arms folded. 
b. Five trials; one point per second of holding stance. 
5. SOLEC-R = Stand on one leg (right), eyes closed. 
a. Arms folded. 
b. Five trials; one point per second of holding stance. 
6. SOLEC-L = Stand on one leg (left), eyes closed. 
a. Arms folded. 
b. Five trials; one point per second of holding stance. 
. WOFEC = Walk on floor, eyes closed. 
a. Feet heel-to-toe; arms folded. 
b. Five trials; one point per step taken. 


~] 


Subjects vere given the specified number of trials per test, and 
score was determined according to the number of steps or seconds 
the subject was able to perform for that task. Vestibular ataxia 
was arbitra-iy defined by the developers of the test as perfor- 
mance below the fifth percentile (fourth for “walk on floor” test) 
for all the flecr tests and the “stand on 5.6 cm (2'/, in) rail” test.” 


The subjects in the long-term group (more than one year of im- 
plant use) w= tested postoperatively, as these subjects had all 
been implant prior to the initiation of the study. The short-term 
subjects were all tested prior to surgery. No auditory prosthetic 
device was used during this test. 


Sono-Postu-al Test. The Sono-Postural Test was devised for 
comparison testing with and without the prosthesis activated. 
This test is based on the four maneuvers of the floor battery of the 
Ataxia Test Battery:'? SR, SOLEC-R, SOLEC-L, WOFEC. 
Each maneuv-r was performed with eyes open and eyes closed, 
thus making up eight subtests. 


Originally, be Ataxia Test Battery (which includes the rail 
tests) was to be used for comparison testing. However, the rail 
tests were found to be extremely difficult for the HEI subjects, the 
majority of whem exhibited partial or total loss of vestibular func- 
tion. Fregly et al’*‘”**® state: 


In our expezience the use of the “floor battery” alone ap- 
pears sufficient for clinical, or even laboratory purposes. It 
has proved consistently to be equal, or better, in sensitivity 
to the “rail Eatery” in the detection and charting of spon- 
taneous and imduced vestibular and related disturbances. 
In combinat.oa, however, the full test battery offers the 
advantages o` greater sampling of multidimensional ataxia 
test behavior . 
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` The rail battery was therefore utilized one time only to classify 
the subject according: to. vestibulospinal functioning by way of 
ataxic behavior, whereas the floor battery (eyes open ard eyes 
closed) was repeated: aver time for comparison purposes. 


` The lòng-term , subjects were tested first without activetion of 
_ the implant and then with the implant activated. The short-term 
. group «was tested: prior to surgery first with no prosthetic device, 


=: and then.with a high-powered hearing aid. They were again 


` tested after surgery, first with the implant turned off and then 
‘with the implant activated: The test environment was no- sound- 
peo ae 


a omputerized Posturography. A computerized posture plat- 
oma was iristalled ‘at the House Ear Institute in 1977, amd a pro- 
tocol was devised to replicate the Pittsburgh study.’ Peralleling 
the Pittsburgh study, the Classic Romberg (feet togetner) and 
Sharpened Romberg (heel-to-toe) tests were used. Each maneuver 
was 15 seconds in duration. The subjects were tested in the fol- 
. lowing conditions: implant turned off, implant activeted, and 
implant activated plus noise. The noise utilized was a 90 dB HL 
continuous, broad-band.signal delivered via a headphone placed 
approximately 2.5 cm over the microphone of the stimulator unit. 
During all implant-activated trials, the volume was se- for com- 
fortable listening in usual circumstances. 


The HEI protocol included an additional condition which re- 
quired the use of a galvanic stimulus as a control. A bipolar, 
mastoid-to-mastoid technique was employed wh:reby the 
positive electrode was placed over the mastoid contralateral to the 
ear implanted. A current of 2 mA to 2.5 mA was delivered for ten 
seconds in duration. 


The Pittsburgh protocol required that all of the subjects per- 
form the two Romberg maneuvers with eyes open and eyes closed. 
The subjects had difficulty standing alone, especially with eyes 
closed, due to their vestibular deficits. “All subjects required sup- 
port during some portion of the posture test series "**'*” It is 
assumed that this support was manually provided, as no descrip- 
tions were given of the method of support. In the HEI study, if a 
subject could not perform a maneuver with eyes closed for the en- 
tire 15-second trial, then that maneuver was only performed with 
eyes open throughout the test. 


The subjects were tested on the two Romberg meneuvers with 
shoes off and arms folded in each of the four test conditions (no 
prosthesis, implant activated, implant and noise, and galvanic 
stimulus), for a total of eight tests. Each test was performed twice 
in a random order determined by using a standarc table of ran- 
dom numbers. 


RESULTS 
ELECTRONYSTAGMOGRAPHY 


The ENG was performed on 16 subjects before 
and after cochlear implantation to cbserve any 
changes with regard to status of vestibular function- 
ing. The long-term group was composed of seven 
subjects who had been using the implant for a per- 
iod ranging from 4 to 8'4 years, and averaging 5'h 
years. The short-term group was composed of nine 
subjects who had only received stimulation within a 
l-year period ranging from 4 to 9 months, with an 
average of 6 months. 


Preoperative data on the 16 subjects revealed that 
three subjects demonstrated normal test results, one 





*Contraves Automatic Postural Stability Test System (Contraves Goerz 
Corp, Pittsburgh). Technical description: The posture platform senses the 
forces caused by gravity acting on the mass of the tast subject, Measure- 
ment of the forces enables the location of the center of gravity to be ac- 
curately determined with respect to the platform sucface. Data presenta- 
tion: x-y coordinates, polar coordinates, phase plare and power density 
spectra plots. 


had normal responses on calorics with spontaneous 
and direction changing positional nystagmus, three 
had a unilateral reduced vestibular response and 
four subjects demonstrated bilateral hypoactive re- 
sponses on calorics. Five subjects showed no re- 
sponse to caloric testing (including ice water tests), 
except for one subject who demonstrated strong 
nystagmus only with eyes open on ice water calor- 
ics. For individual subject data refer to Table 2. 


Six of these 16 subjects (subjects 10-15) were 
tested with the expanded ENG protocol, which in- 
cluded separate eye recordings, optokinetics, and 
torsion swing. No significant findings were revealed 
from the additional testing. 


Four subjects (subjects 10-13) had ENGs postop- 
eratively, but prior to receiving their stimulating 
units, in order to determine any vestibular changes 
as a direct result of the implant surgery. No changes 
in these four subjects were detected. 


On postoperative testing, after a period of time 
with implant use, it was revealed that for the short- 
term group 8 of the 9 subjects demonstrated essen- 
tially no change from the preoperative ENGs. It 
must be mentioned that of the 8 subjects, 3 showed 
no response to calorics bilaterally on pretesting. 
One of the 9 subjects (subject 14), however, did 
show a bilateral reduction in calorics on posttesting. 
No symptoms were noted by this subject. 


Long-term group data revealed that 3 of the 7 
subjects showed no significant change from pretest 
to posttest, with 1 of those subjects having no re- 
sponse to calorics on preoperative tests. One of the 3 
subjects had spontaneous and positional nystagmus 
on pretests, but showed a normal recording on post- 
testing. Three of the 7 subjects revealed a decrease 
in calorics when comparing predata and postdata. 
However, in all three cases the decrease was bila- 
teral, rather than being localized to the ear receiv- 
ing stimulation. Two of these subjects (5, 8) had 
surgery on only one side, but one subject (1) had 
had multiple surgeries on both sides. This decrease 
may or may not be attributed to the bilateral im- 
plant surgeries, as other subjects (6, 15) with 
bilateral surgeries showed no changes in calorics. 
Again, no symptoms were reported by the subjects. 


The one subject (3) who demonstrated “central” 
findings (caloric induced nystagmus with eyes open 
only) on pretesting showed a change in direction of 
nystagmus on posttesting. The six subjects who were 
given the expanded test battery revealed no signifi- 
cant abnormalities on posttesting. 


ATAXIA TEST BATTERY . 


The Ataxia Test Battery was performed on 19 
subjects. Seven were long-term implant users (aver- 
age of 4.9 years) while the other 12 were short-term 
subjects and were therefore tested prior to surgery. 
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TABLE 3. SONO-POSTURAL TEST 
TOTAL SCORES ON EYES-CLOSED MEASURES FOR 


SHORT-TERM SUBJECTS* 


Implant 
No Prosthesis No Prosthesis Activated 


Subject Preopera tive Postoperative Postoperative 


10 333 329 356 

12 37 4] 52 

13 73 69 79 

14 267 284 305 

15 36 38 45 

16 58 80 96 

17 94 63 50 

18 48 56 52 
N=8 996 960 1035 
Mean 120.75 120 129.375 

SD 113.3 116.55 126.07 


“The higher score indicates the better performance. 


According to the normative criteria established by 
Fregly and Graybiel,''"'® the HEI results revealed 
that 9 subjects did not demonstrate vestibular atax- 
ia, while 10 did. To further validate the results on 
the Ataxia Test Battery, a small sample size non- 
parametric statistical test was utilized in order to 
compare the test with ENG results. There was a 
significant positive relation found between the two 
tests (Fisher’s test, p< .05, Table 2). 


SONO-POSTURAL TEST 


The Sono-Postural Test (based on the floor bat- 
tery of the Ataxia Test Battery) was given to 20 sub- 
jects. Eight subjects were long-term implant users, 
with an average of 4.8 years of stimulation, and 
eight were short-term implant users, with an aver- 
age of 5.3 months of stimulation. An additional four 
unimplanted subjects together with three of the 
short-term implanted subjects were used to obtain 
hearing aid data. 


The eight short-term subjects were tested without 
any prosthesis preoperatively and postoperatively, 
and with the cochlear implant activated postopera- 
tively. The eyes-closed maneuvers of the floor bat- 
tery were combined to give one score for compari- 
son purposes. These scores can be found in Table 3. 
Analysis revealed that there were no significant dif- 
ferences between any of the three conditions (no 
prosthesis preoperatively, no prosthesis postopera- 
tively, and implant activated). 


TABLE 4. SONO-POSTURAL TEST MEAN SCORES ON 
INDIVIDUAL TEST MANEUVERS (N = 16) 


Postoperative Mean Scores 


Maneuver Implant On Implant Off Difference 


SREO 186.375 144.06 + 42.315 
SREC 43.75 45.125 — 1.375 
SOLEO-R 86.562 74.25 + 12.312 
SOLEC-R 17.875 14.187 + 3.688 
SOLEO-L 84.937 83.06 + 1.877 
SOLEC-L 18.062 14.5 + 3.562 
WOFEO 25.25 24.56 + 0.69 
WOFEC 10.937 10.437 + 0.5 


+ Direction of better performance with the cochlear implant activated. 
— Direction of better performance with the cochlear implant turned off. 


TABLE 5. SONO-POSTURAL TEST MEAN TOTAL SCORE 


ANB STANDARD DEVIATION OF 8 MANEUVERS* 


Cl HA 

Off On Off On 

Mean 409.6 449.3 625.4 613.6 
sD 259.7 255.0 223.6 246.6 


*The Higher score indicates the better performance. 
CI - Sochlear implant; HA - Hearing aid. 


The Sono-Postural Test was given postoperatively 
to eight long-term subjects as well as to the eight 
shor-+erm subjects. All 16 subjects were first tested 
with the implant off and then with the implant ac- 
tivated in order to determine if there were any 
sign-f.cant quantitative changes as a direct result of 
electrical stimulation. Analysis on individual sub- 
tests ~evealed no significant differences, although 
tota. mean differences were generally in the direc- 
tion ef better performance with the implant ac- 
tivated (Table 4). This difference does reach 
statistical significance for the total score of the eight 
subtests, which was significantly better for the 
imp ant-activated condition than the implant-off 
condition (t = 1.94, p< .05). (Due to the high varia- 
bility exhibited as a result of combining subjects 
witt varying vestibular function, a nonparametric 
analysis was additionally performed. The Wilcoxon 
Mat>hed-Pairs Signed-Ranks Test revealed a signifi- 
cant difference in the direction of better perfor- 
marce with the implant activated [T= +25, 
p< (5].) It is interesting that for the hearing aid 
subjests (n= 7), the mean difference on total score 
was m the direction of better performance in the 
una @ed condition. This difference, however, was 
not significant (Table 5). 


T æal scores for the 16 implant subjects were also 
analyzed to assess the role of duration of implant 
use long-term vs short-term), ataxic behavior 
(presence or absence), and combinations of the 
four. These data are presented in Table 6. In sub- 
jects with or without vestibular function as 
measared by the Ataxia Test Battery, activation of 
the mplant evoked very similar improvements. On 
the daration of use comparison, both long-term and 
short-term groups showed better performance with 
the mplant activated as opposed to the implant-off 
condition. However, the short-term group demon- 
stra-ed much larger mean differences than the long- 
terna group for both the ataxia present and ataxia 
absert comparisons. 


COMPUTERIZED POSTUROGRAPHY 


F>arteen subjects were evaluated by Comput- 
erized Posturography. Eight subjects were long- 
terra implant users (average of 4.8 years), and six 
wer> short-term (average of 6.3 months). On the 
Classic Romberg test, all subjects were able to per- 
forn the maneuver with eyes closed. On the Sharp- 
ened Romberg test, two of the subjects could not 
perform the maneuver for the entire 15-second trial 
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TABLE 6. SONO-POSTURAL TEST SCORES COMPARING VARIABLES OF 
i Ane ACTIVATION, ATaXIC BEHAVIOR AND DURATION OF IMPLANT USE 
- a + eee endear a 


Mean of Total Score 





_ Ataxia demonstrated 
E A hot, pemonaetea,, 
e - Direction of better prformine with cochlear implant activated. 


(even with eyes Sei: and were therefore not tested 
-on this task. Of the remaining 12 subjects whe could 
. perform. the maneuver, 4 were tested with eyes 
closed,.and 8 with eyes open. Differences as a direct 
résult of electrical stimulation were evaluated using 
paired ¢ tests. The measure looked at was “total 
energy.” This was the sum of the energy of the x and 
y displacements; cartesian coordinates of the zenter 
of mass. It is a measure of the amount of “sway” of 
the subject. If the subject has disturbed vestibular 
function he or she sways more and uses more energy 
to maintain posture. In other words, that individ- 
ual’s center of gravity (or mass) moves more and at 


greater speed. 


Quantitative analysis revealed that subjects 
scores were so variable for the same two maneuvers 
per test condition that the data had to be looked at 
in two ways: the best of the two scores and the aver- 
age of the two scores. Even then, extreme vaziabil- 
ity was shown on total group scores for each condi- 
tion. For a summary of total group data, refer to 
the figure. 


Data analysis on the Classic Romberg maneuver 
revealed that the subjects as a group tended, though 
not significantly so, to exert less energy with the im- 
plant activated than with the implant turned off. 
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Computerized pasta a Test conditions were 
oe No prosthetic devi Implant activated; C - Im- 
lant ey ee n Galvanic seat a ete Romberg 
feet together); SR - Sharpened Romberg -to-toe e 
igher score indicates more difficulty in maintaining bal- 
ance, ie, more energy exerted. 





Difference 
231.4 221.8 + 9.6 
388.25 313.5 + 74,75 
301.11 262.58 + 38.6 
462.67 449.33 + 13.34 
772.5 710.75 + 61.75 
639.7 598.7 +4] 


There was a further slight decrease in energy with 
the implant-plus-noise condition, which bordered 
on significance when compared to the implant-off 
condition (for best score, t=1.96, p<.08). This 
general pattern was also demonstrated on the Sharp- 
ened Romberg maneuver for the averaged-scores 
analysis. On the best-scores analysis for the Sharp- 
ened Romberg, however, the opposite pattern was 
shown. There was slightly more energy exerted with 
the implant activated. For 3 of the 4 analyzed mea- 
sures, the subjects as a group demonstrated in- 
creased energy scores with the galvanic stimulus 
control when compared to the implant-off condi- 
tion. This suggests that it was possible to activate 
vestibular structures by at least a strong level of 
electrical stimulation. 


Data were additionally analyzed with subjects 
divided into smaller categories with regard to dura- 
tion of implant use (long-term or short-term), status 
of vestibular functioning (either absent or present), 
and combinations of the four. The purpose was to 
observe any consistent patterns as a result of these 
variables. It was revealed that those subjects who 
tended to demonstrate less energy exerted with the 
implant activated (compared to implant off), while 
showing increased energy exerted with the galvanic 
stimulus, were those subjects who were long-term 
implant users, particularly with some residual ves- 
tibular functioning. Subjects who tended to show 
further improvement with noise input were those 
who demonstrated absent vestibular function, par- 
ticularly long-term users. A rather interesting find- 
ing was the trend of the short-term implant users, 
who tended to show less energy exerted not only in 
the implant-activated condition but with the gal- 
vanic stimulus as well, when compared to the un- 
aided condition. Finally, for those subjects who 
tended to demonstrate poorer scores for the im- 
plant-activated condition when compared to inacti- 
vated, this pattern was scattered over all subject 
categories with a slight trend for long-term subjects 
with absent vestibular function to predominate. 


A final analysis was performed to compare the 
Computerized Posturography with the Sono-Pos- 
tural Test results. Using nonparametric procedures, 
no significant relation was found between the two 
tests. 
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DISCUSSION 


In summary, vestibular function tests performed 
as a means of detecting the possible effect of coch- 
lear electrical stimulation on the balance system in- 
dicate that equilbrium is not disrupted to any signi- 
ficant degree. Predata and postdata comparisons, as 
shown by ENG records, reveal essentially no change 
in vestibular sensitivity. For those subjects, how- 
ever, who demonstrated a significant decreased re- 
sponse in caloric testing after a period of time with 
implant use, the decrease was bilateral rather than 
localizing to the ear being electrically stimulated. 
This suggests either a further spontaneous deterior- 
ation in vestibular function from the inner ear path- 
ology, or central compensation. The subjects who 
did reveal this decrease did not report any subjec- 
tive changes. 


The Ataxia Test Battery, Sono-Postural Test and 
Computerized Posturography were administered to 
determine if there were any quantitative changes in 
vestibulospinal function as a direct result of electri- 
cal stimulation. The Ataxia Test Battery, in defin- 
ing vestibulospinal status, showed a signifieant posi- 
tive relation to vestibulo-ocular data. Results on the 
Sono-Postural test (based on the floor maneuvers of 
the Ataxia Test Battery) revealed no significant dif- 
ference between any of the test conditions (preoper- 
atively and postoperatively unaided, and postoper- 
atively with implant activated) for short-term sub- 
jects (n=8). However, with the implant activated, 
improved postural stability was demonstrated as 
compared to the postoperative implant-off condi- 
tion for long-term and short-term subjects com- 


bined (n = 16). 


On Computerized Posturography, analysis of the 
total energy measure showed that most implant 
subjects tended to exert more energy in attempting 
to maintain stability during a strong transtemporal 
galvanic stimulation than in the implant-off condi- 
tion. On the other hand, with the implant acti- 
vated, subjects tended to exert less energy than with 
the implant off. These findings are not consonant 
with Black’s® suggestion that the cochlear implant 
delivers a sufficient galvanic stimulus to the vestib- 
ular system to produce increased postural instabil- 
ity. 


In addition to the present findings on human im- 
planted subjects, animal studies undertaken by 
Kimm et al'® provide evidence indicating that elec- 
trical stimulation can be directed to the auditory 
nerve without any signifieant activation of the vest- 
ibular system. 


Electrical stimulation of the cochlea, by creating 
an electrical field through the cochlear fluids, cer- 
tainly has the potential for affecting the balance sy- 
stem especially as a byproduct of fitting an electri- 
cal prosthetic device for such a sensory deficit as 
profound deafness. What must particularly be noted 


is the wide variety of vestibular functioning ex- 
hibited in the deaf population, ranging from nor- 
mal semsitivity to unilateral weakness, hypoactive 
functioning and total loss of function. This variabil- 
ity mht well confound any attempts to study gal- 
vanic vestibular effects. It is difficult to determine 
whetl ar test results represent a direct effect of the 
electr cal stimulation or some interactive effect 
deper cent upon vestibular status secondary to etiol- 


ogy. 


The Pittsburgh report bases its conclusions on a 
relatively new measurement from which standard- 
ized -ata were gathered only on a population of 
normais. The varying degrees of vestibular deficits 
and eceompanying central compensatory mechan- 
isms may be of importance to subject performance. 
The tact that all of the subjects evaluated by Pitts- 
burgh were tested with eyes closed and required 
suppert to prevent them from falling may have 
biased performance data. Since this support appar- 
ently was provided manually by the experimenter, 
it would be difficult to insure consistency from sub- 
ject to subject. Of even more importance was the in- 
ciderce of extreme variability exhibited between 
and within tests, both by subjects evaluated at HEI 
and -hose evaluated in Pittsburgh. Interpretation 
based solely on posturographic records must, there- 
fore, be treated conservatively and regarded with 
some reservation. 


Tre fact that human studies undertaken at HEI 
do not support the hypothesis that electrical stimu- 
lation as produced by the implant disrupts equili- 
brium, but rather point to the contrary, suggests 
that seund itself can be a factor in the maintenance 
of balance. It is speculated that this phenomenon 
may be a result of cochlear-induced CNS effects 
that semehow sharpen postural equilibrium. To our 
know edge, the hypothesis that sound has a positive 
effect on equilibrium has not been studied. There is, 
how=ver, some anecdotal clinical data that support 
this. Many subjects in an anechoic chamber report a 
feeling of unsure stability in complete silence. Cer- 
tainhy posturography and other postural tests with 
normal subjects in such a chamber would be most 
interesting. 


On the other hand, intense sound can stimulate 
the vestibular system. °- This tendency was shown 
in oar own deaf subjects who tended to show deter- 
ioration in their Sono-Postural scores with high- 
powered hearing aids on, which deliver sound pres- 
sure levels up to 130 dB. Indeed, most normal per- 
sons m these sound levels become unsteady or faint- 
ly diazy. To us this indicates the possibility of direct 
stimulation of the vestibular system by sound. 


CONCLUSIONS 


Tae hypothesis that electrical stimulation of the 
cochlea will affect any neurons surviving in the 
vest bular nerve is certainly reasonable. However, 
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results from vestibular test measures recorded on 
human implanted deaf adults at HEI indicate the 
following: 


1. There is no evidence that the electrical current 
delivered to the cochlea via the cochlear implant 


disrupts the balance system by stimulating vestib- 
ular neurons. 

2. On subjects with total or partial loss of vestib- 
ular function in association with profound deafness, 
postural stability appears to improve with the im- 
plant activated. 
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Selection of suitable candidates for an implant was a central issue in plaaming clinical trials. Psychological techniques were included, 
the purpose being to screen out individuals who, on an a priori basis, we cons dered cognitively and/or emotionally inappropriate. Psycho- 
logical measures were further used to assess the effect of the implant on those eamdidates who did undergo the surgical procedure. The pres- 
ent paper describes the preimplant and postimplant interviews and psychometric assessment. Based on the data developed from the inter- 
views, we concluded that the recipients of implants are in almost unanimous agreement that the implant is a very positive contribution to 
their lives. Tests of cognitive functioning conducted over time indicate that the implant does not impair cognitive or neuropsychological 
functions. Personality tests were also administered. and no significant chanzes in these dimensions were found. 


Once the cochlear prosthesis was ready for 
human trials, it was necessary to develop a set of 
criteria for selecting candidates. It was clear from 
the outset that psychological factors should be in- 
cluded since the implant’s effects on human cogni- 
tion and personality were unknown. In order to 
evaluate these issues, two courses of action were 
decided upon. Any individual who displayed signif- 
icant signs of psychopathology would be eliminated 
as a candidate and those who were implanted 
would be studied over time to determine what ef- 
fects, if any, the implant had on human behavior. 
Clinical interviews and psychological tests were 
utilized to screen candidates, and those who were 
selected were reinterviewed and retested at periodic 
intervals in order to track any changes which may 
have occurred since the prosthesis was implanted. 


PSYCHOMETRIC STUDIES 


Psychometric studies were included in our pro- 
cedures in order to provide objective measures of 
cognitive and emotional functioning. We wanted to 
assess change over time which might presumably be 
due to the implant. In particular, we were con- 
cerned about organic effects. “Since the issue of 
brain damage from cochlear implants is a matter of 
potential significance, periodic monitoring of in- 
tellectual deficits referable to cerebral dysfunction 
will play a major role.”? 


The data presented are those obtained on 46 Eng- 
lish-speaking, postlingually deafened adults. There 
were 29 males and 17 females. The mean age was 48 
years and ranged from 19 to 75 years. Patients were 
tested prior to receiving the implant, at approx- 
imately one year postimplant, and annually 
thereafter. One year and most recent follow-up 
tests are reported here. Some patients have had as 
many as five annual retests, while others are not 
beyond the first year. The data reported were ob- 
tained from 23 of the patients at one year 
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posimplant and from 16 patients at two years or 
more postimplant. For the group as a whole, the 
fine] test period reported here averaged three years 
and eight months from the point the patients were 
firs stimulated, ranging from two years to almost 
sever years. 


COCBITIVE STUDIES 


Tests Used. Wechsler Adult Intelligence Scale 
(WAS)? yields a verbal, performance and full IQ as 
well as other significant data concerning intellec- 
tua “unctions. Graham-Kendall Memory For De- 
sigrs (MFD measures the capacity for immediate 
recall. Trail Making Test (Trlmk)* reflects the abili- 
ty © maintain a cognitive set and pursue a task se- 
quentially. Bender Visual Motor Gestalt (BNDR)S 
anc Bender Visual Motor Interference Test (BIP)® 
are Cesigned to assess visual motor functions at two 
levels of difficulty. All have normative data avail- 
able ‘or assessing presence of organic brain dysfunc- 
tior . 


Fesults. Table 1 describes the cognitive test find- 
ing: dreimplant and for the two follow-up periods. 
As a group, these patients can be classified in the 
lower range of bright-normal intelligence. Other 
scores do not indicate difficulties in immediate re- 
call, set and sequencing, or visual-motor coordina- 
tior. Follow-up studies indicate that the scores re- 
maszed stable through time. That is, they show 
very little change from testing to testing. Slight im- 
provements in IQ postimplant are probably at- 
tritutable to practice effects. 


Tests of significance (paired t tests) were com- 
puted for each variable between the three testing 
per cds, ie, 1 vs 2; 1 vs 3; 2 vs 3. In each instance, no 
sigricicant differences appeared. 


Waen we began the cochlear implant project, we 
coudc not predict with certainty what effects, if 
any, the implant would have on cognitive func- 
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' Verba IQ 2 oin _ 110.8 16.7 112.5 19.3 113.0 23.4 
.. Performance IQ 4 0, S, 119.4 ILE 113.9 11.0 113.9 14.1 
sul a T y 111.6 13.& ~ 112.9 15.7 113.3 19.8 
| MFD. (no. pf error), | o) 1.8 2.€ 1.7 1.9 i. 1.5 
' Trlmk (credits) 2°.) 7, 13.3 3.€ 13.6 3.9 14.6 3.8 
`. "BNDR (no. of errors). 1.8 1.E 1.8 1.4 1.6 1.2 
: BIF (no. of értors) ee : 1.8 Lc LI l.l 2.1 1.1 


_ tions. ‘Although -we felt it would not impair these 
"processes, we could not be sure. 


'. + The results are in and our original optimism has 
been confirmed. There is no evidence from the sam- 
ple studied that there is any damage to cognitive 
function. At least from this perspective, we car con- 
clude that the implant does not produce cerebral 
impairment. Clinical evidence also supports this 
conclusion in that our patients have continusd to 
pursue their daily activities with the same efficiency 
as they did prior to the implant. Indeed, there are 
several individuals whose performance has im- 
proved which we feel is a direct contribution of the 
implant. 


PERSONALITY STUDIES 


A variety of personality tests and measures of 
emotional status were used at the inception cf our 
research. These have been described* and inzlude 
measures of anxiety, stress, self-esteem, depression, 
and other personality and behavioral characteris- 
tics. Due to a consistent finding that patients’ scores 
did not change significantly over time, and given 
the substantial effort required to answer so many 
questionnaires, it was decided to drop these from 
the research plan. Currently, patients are required 
to complete the Minnesota Multiphasic Personality 
Inventory (MMPI).”’ (Early patients received the 
“Mini-Mult,”® a shorter version of the MMPI which 
is considered valid for group data. Mini-Mult and 
MMPI scores have been intermingled in this 
analysis. Each patient received the same test 
preimplant and postimplant.) However, for the 
purposes of monitoring individual patients, those 
who initally responded to the original tests have 
continued to answer them at follow-up intervals. 
Data are therefore available from 14 patierts on 
these measures, both at one year postimplant end at 
most recent testing. 


Results. Cochlear implant patients score in the 
normal range on all personality and affactive 
measures. Mean scores on the MMPI for the three 
test intervals can be found in Table 2. The nor- 
mative mean for all MMPI scales is 50, with a stand- 
ard deviation of 10. Scores above 70 would be con- 
sidered evidence for pathology. Paired ¢ tests done 
for those patients having postimplant data ct one 
year and at two years or more indicate no signifi- 


cant changes on any of the MMPI scales from pre- 
implant to postimplant. As in the past, the other 
measures employed showed few significant 
changes. There was a decrease on one measure of 
anxiety and an increase in energy level, but the ma- 
jority of scores remained unchanged. 


As with the cognitive studies, we conclude that 
since there are no significant shifts, particularly in a 
negative direction, the implant appears to have no 
adverse psychological effects. 


CLINICAL INTERVIEWS 


The interview has a long and significant history 
in the practice of medicine. It has always served as a 
major source of data upon which clinical decisions 
could be based. In clinical psychiatry and psychol- 
ogy it is the primary screening device in the evalua- 
tion of psychopathology. Since the nature and de- 
gree of emotional disturbance was. incorporated in 
our selection criteria, the open-ended interview be- 
came a routine part of our procedures for identi- 
fying acceptable candidates for implants. 


The technical details of the clinical interview we 
use have been described and discussed elsewhere.?-” 
The objective, preimplant, is to obtain a history, 
the purpose being to identify signposts pointing to 
psychological stability or instability, and to 
evaluate the patient’s current mental status. 


Postimplant follow-up interviews are scheduled a 
year after beginning implant use, and annually 
thereafter. The purpose here is to evaluate the im- 
pact of the cochlear implant, problems related to 


TABLE 2. MEANS AND STANDARD DEVIATIONS ON THE 
MINNESOTA MULTIPHASIC PERSONALITY INVENTORY 


hal ia Postimplant 
I IT 

Scale Mean SD Mean SD Mean SD 
L 52.9 71 -325 8.0 52.9 8.0 
F 53.2 7.4 53.3 6.1 54.9 8.6 
K 56.1 8.4 50.4 6.2 59.1 6.9 
1 Hs 59.1 12.1 56.9 12.1 62.1 8.7 
2D 58.0 10.3 62.6 $403 57.1 10.2 
3 Hy 60.9 8.3 60.8 7.6 60.4 7.6 
4 Pd 58.9 10.7 54.6 9.0 62.1 9.0 
6 Pa 60.7 9.7 59.8 6.6 58.7 10.0 
T Pt 52.8 12.7 516 138.7 50.3 9.9 
8 Sc 54.8 11.0 49.6 13.9 55.6 10.6 
9 Ma 49.0 9.6 48.3 8.9 48.7 6.9 
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implant use, and so on. In our study population, we 
found most patients have been constant users. A few 
are nonusers (less than 10% of the tota! implant 
population have been classified as nonusers). After 
a brief period of trying to adjust the unit many pa- 
tients experienced a sense of disappointment. It is as 
though each had secretly hoped that he or she 
would be the first to experience speech discrimina- 
tion. At this point they may begin to “fiddle” with 
the unit, seeking to adjust it because “with a little 
change here or there, I just know I could under- 
stand what people say.” The postlingually deafened 
patient is no different from any other chronically 
impaired individual: there is always the desire to 
return to the predeficit level of functioning. Most 
patients come to terms with this unrealistic fantasy, 
as evidenced by their continued use of the device 
over many years, their enthusiasm for the other 
benefits obtained from the implant, and their self- 
reports regarding this topic. However, all patients 
report this to be a variably frustrating reality with 
which to cope. 


On a few occasions individuals experienced fail- 
ure of the internal coil. In all cases the patients re- 
sponded with understandable disappointment but 
without profound anger or depression. They had 
been apprised of the investigative nature of the im- 
plant and were informed that replacemeat would 
be much simpler than the original surgical pro- 
cedure. Unit failure is realistically frustrating, but 
not devastating, to implant recipients. 


The common themes encountered in the inter- 
views are 1) the implant reduces the sense of isola- 
tion, of being “cut off from the world”; 2) it helps 
restore the patients’ confidence that they can func- 
tion interpersonally; 3) many patients feel the coch- 
lear implant helps them in speechreading; 4) for 
many, hearing warning sounds is valued. The most 
common frustrations encountered revolve around 
not being able to discriminate speech and, to a 
lesser degree, with keeping the external coi. proper- 
ly aligned with the interna! coil. 


Our overall impression from the clinical inter- 
views is that, to date, the patients report no signifi- 
cant intellectual, emotional, occupational or inter- 
personal problems with the implant. The majority 
“like” their units, use them daily, and feel com- 
fortable wearing them. For these individuals, the 
implant is not perceived as being crucial to their 
survival. They are willing to accept the current 
limitations of the implant because they find it im- 
proves the quality of their lives. 


DISCUSSION 


Psychometric data show no evidence of any defi- 
cits in cognitive functioning following edectrical 
stimulation. Other tests do not show any changes in 
the patient’s personality status. Since negative ef- 
fects were not observed in either sphere, tie coch- 


lear implant appears safe from the psychological 
perspective. 


Om the other hand, the psychometric data pro- 
vide | ttle evidence of positive changes related to 
implaat use. There are three probable explanations 
for tas. First, it is unlikely that cognitive abilities 
and cng-standing personality characteristics in an 
individual would change greatly, particularly over 
the siert term. Second, population norms indicate 
that this sample of patients performed in'the normal 
range on all measures, preoperatively and postoper- 
ative +. It would not be reasonable to expect the im- 
plant -o make deaf individuals significantly more 
effective than their normal counterparts in the 
hearing population. Finally, the selection process 
screened out individuals with obvious pathology. 
We co not know what effects, positive or negative, 
the implant might have had on a population of 
deafened adults who were more emotionally dis- 


turbed. 


It S clear, however, from the clinical interviews 
that >əth patients and their relatives feel that the 
cochlear implant has improved the quality of their 
lives. They report specific ways in which the im- 
plant makes a difference. Since our current batter- 
ies of tests do not reflect these changes, we have re- 
cently designed a questionnaire using a 5-point or- 
dinal seale to more specifically define the psycho- 
social and interpersonal changes that may occur 
with ise of the implant. This questionnaire and the 
results obtained with it are discussed elsewhere in 
this supplement." 


Identifying variables which predict the outcome 
of rehabilitation would be highly desirable. In par- 
ticular we were interested in spotting those who 
might -urn out to be nonusers. In order to deter- 
mine vehether our psychological measures had pre- 
dictive value, a multiple-regression analysis was 
performed using hours of daily use of the implant as 
the dependent variable and the cognitive tests and 
MMP. scales as the independent (predictor) vari- 
ables. although all of these variables taken together 
accou Led for approximately 50% of the variance 
in hoazs of use, only two were weighted heavily 
enough to be worth noting. These were the Trail 
Makir ¢ Test which accounted for 15% of the vari- 
ance, and MMPI Scale 3 (Hysteria) which ac- 
counted for another 23%. These tests, therefore, 
have little predictive value, at least in terms of the 
rehab | tation variable studied, ie, hours of implant 
use. 


One of the authors recently completed a study in 
which aours of use was studied in relation to the 
presence or absence of the character trait of com- 
pulsive self-reliance. '* Some evidence was adduced 
that pacients who have this character trait may be 
nonuses of the implant. Further studies along these 
lines ¿mæ planned in order to cross validate these 


findinzs. 


One. difficulty aed in both of the studies 
noted here iş the small number of nonusers. There 


-are only 12 postlingizally. deaf nonusers, fewer at the 


time of these: studies. In one respect, it appears that 
the: selection’ procéss may have been highly success- 


fuli in identifying. those patients who will use the 


prosthesis, and who find it of significant benefit in 
their lives. ie 


errr er enerutionnd 
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It is difficult to quantify the effect that the coch- 
lear implant may have on an individual’s quality of 
life. The psychometric studies have shown no evi- 
dence that the implant is harmful to the patient. 
Clinical interviews yield extremely consistent 
responses across a large number of patients regard- 
ing the benefits of the implant. These data must not 
be discounted in evaluating the worth of the coch- 
lear implant as an auditory prosthesis for the deaf. 


ACKNOWLEDGMENT — Shery! Duvall, MS, performed the multiple-regression analysis regarding prognostic indices of rehabilitative success. 


= REFERENCES 


ae ‘House WF, ‘Berliner KI, Crary WG, et al. Cocalear im- 


_ plants. Ann Otol Rhinol Laryngol 1976; 85 Suppl 27:1-93. 


2. Matarazzo JD. Wechsler’s measurement and ap>raisal of 
adult intelligence. 5th ed. Baltimore: Williams and Wilkins, 
1973. 


3. Graham FK, Kendall BS. Performance of brain-damaged 
cases on a Memory-for-Designs test. J Abn Soc Psychol 1946; 
41:303-14. 


4. Reitan RM. Validity of the Trail Making Test as an in- 
dicator of organic brain damage. Percept Mot Sklls 1958; 
8:271-6. 


5. Hutt ML, Briskin I. The clinical use of the revised Bender 
Gestalt Test. New York: Grune and Stratton, 1960. 


6. Canter A. A background interference procedure to increase 
sensitivity of the Bender Gestalt Test to organic brain cisorder. J 
Consult Clin Psychol 1966; 30:91-7. 


7. Dahlstrom WG, Welsh GS, Dahlstrom LE. an MMPI 
handbook, rev ed. Minneapolis: University of Minnesota Press, 
1972. 


8. Kincannon JC. Prediction of the standard MMPI scale 
scores from 71 items: the Minimult. J Consult Clin Psycho) 1968; 
32:319-25. 


9. Crary WG, Johnson CW. The mental status exam. In: 
Johnson CW, Snibbe J, Evans L, eds. Basic psychopathology. 2nd 
ed. Jamaica, NY: Spectrum Publications, 1980. 


10. Enelow A, Wexler M. Psychiatry in the practice of medi- 
cine. New York: Oxford University Press, 1960. 


11. Strimmel G, Crary WG. Techniques for successful patient 
interaction. California Pharmacist 1980; 27:26-8. 


12. Wexler M, Adler LM. Help the patient tell his story. Ora- 
dell, NJ: Medical Economics Book Division, 1970. 


13. Wexler M, Miller LW, Berliner KI, Crary WG. 
Psychological effects of cochlear implant: patient and “index rela- 
tive” perceptions. Ann Otol Rhinol Laryngol 1982; 91 Suppl 
91:59-61. 


14, Miller LW. Individual differences in rehabilitation as a 
function of attachment behavior. Unpublished doctoral disserta- 
tion. California School of Professional Psychology, Los Angeles, 
1981, 


PSYCHOLOGICAL EFFECTS OF COCHLEAR IMPLANT: 
PATIENT AND “INDEX RELATIVE” PERCEPTIONS — 
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The ultimate judge of the value of a technological advance is the patient. Ta patient's evaluation of the cochlear implant is one way 
of judging its effects. A second method is from observations of the patient mate by an individual in close relationship, ie, an “index 
relative.” In order to determine implant effects as experienced by both patient ar c observer, we devised preimplant and postimplant ques- 
tionnaires. We found that patients feel the implant gives them a greater sense » safety; self-sufficiency is considerably enhanced; emo- 
tionally negative episodes are significantly reduced; the feeling of being a burd> to others is diminished; communication with others is 
much smoother; and, while engaging in group activities is still difficult, participatson is less threatening than before the implant. The index 
relatives agree with these perceptions. They also are emotionally relieved because they feel the patients have a device which extends their 
range of mastery. In turn, the index relatives feel less burdened and responsible- 


The ultimate arbiter of the value of medical ad- 
vances is the consumer. While science requires ob- 
jective measures of the efficacy of a therapeutic pro- 
cedure, phenomenological (that is, experiential) 
evidence is often ignored. Since recipients of treat- 
ment are exclusively concerned with how it will 
alter or improve their lives, their perception of 
therapeutic effects cannot be excluded from the 
pool of data used in the final assessment of the 
worth of a technological development. Although 
the patient is the primary informant, a secondary 
but nonetheless vital source of information comes 
from individuals who live in close proximity. 


Illness is a social event as well as a biological one. 
Its impact extends beyond the victim, in adversely 
affecting the lives of people with close ties to the pa- 
tient. When the disaster of profound deafness strikes, 
those closest to the patient feel helpless. Anxiety, 
panic, depression and anger are the common emo- 
tional accompaniments of this state of affairs. Fears 
for the welfare of the victim predominate. As the in- 
evitability of the deafness fully sinks into awareness, 
a second, often equally profound fear surfaces. 
Deafness in the patient also means that new and 
heavy burdens will fall upon the shoulders of those 
closest to the victim. Since the individual is now 
profoundly handicapped, the “index relative” in 
one way or another must try to help the patient 
compensate for the deficit. New tasks are imposed 
upon them which, in turn, further disrupt their 
lives. In addition, since patterns of communication 
are at the heart of all human relationships, deafness 
is devastating since it is so disruptive to this process. 
Restoring some semblance of communication is a 
long and arduous course. The results are rarely, if 
ever, really satisfactory to the people involved. As a 
consequence of these events there are now, in fact, 
two or more patients: the victim and one or more 
individuals with whom he or she is closely allied. 


Since the cochlear implant influences both infor- 
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matiomal input and patterns of communication, it 
frequently has a significant impact on the lives of 
the patvent’s close associates. The investigation de- 
scribed in the following pages provides substantial 
evidence that the implant patient and the index rel- 
ative perceive that their lives are modified, often for 
the better, in a variety of ways. 


METHOD 


From tue inception of the cochlear implant project, careful at- 
tention ~as given to the behavior of both the recipients of the 
prosthessænd the index relatives. The primary method of obser- 
vation wes through extensive interviews, and the design of the 
question aires used in the present study was based on the data ob- 
tained from several hundred interviews. 


Our ir terviews elicited eight major themes which were incor- 
porated rito the questionnaires: 1) sense of safety, 2) emotional 
reactions, 3) nature of interpersonal relationships, 4) social activi- 
ties, 5) sase of isolation, 6) communication problems, 7) employ- 
ment, arc 8) involvement with hobbies/recreational activities. 
Parallel jaestionnaires were constructed for the implantee and 
the inde? relative. There was a preoperative and postoperative 
questionaire for both, which contained 38 questions for patients, 
and 23 questions for index relatives. 


The qa-stionnaires consisted of questions which were to be 
answerec y circling one of five choices. The statements were the 
same exc2t for brief changes of wording depending on the in- 
formant, is, patient or index relative. For example: 


To what degree are you concerned about your 
(your telative’s) safety or welfare because of deafness? 


quite extremely 
concerned concerned 


moderately 
concerned 


somewhat 
concerned 


not 
concernec 


Most of tł e questions appeared in both the preoperative and post- 
operative forms, although there were additional questions in the 
latter comcerning the observed effects of the prosthesis. An ex- 
ample fram the postoperative questionnaire for the patient is: 


About how long would you say 
it took for you to adapt to the implant? 


hardly 
any time 
For the imcex relative: 


H ¿ve you noted many changes in the patient's 
emotienal state since he/she began using the implant? 


moderate amount 
of time 


no time quite some 


time 


a very 
long time 
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- no hardly moderate amount quite a lot a zreat deal 
change any change. _. of change of change of change 


Both preoperative and. postoperative forms of this questionnaire 


, ~ were mailed to postlingually deafened cochlear implart patients _ 


and their index relatives. Results are based upon data returned by 
22 patients (13 men and 9 women) and 13 index relatives (7 men 
' and 6 women). Patients in this sample were highly variable on di- 
- mensions of age and etiology as well as how long the cochlear im- 
_ plant had been used. The-latter variable ranged from six months 
to.ten years, 


The response scale ran ged from 0 to 4. The higher the score, the 


` - more the patient endorsed a given situation (eg, comfozt at social 


events). Fhe Wilcoxon Matched-Pairs Signed-Ranks Test was 
used to determine significance between comparable questions, ie, 
preimplant ‘ahd -postimplant surgery. For qualitative evidence 
concerning implant effects, we used material from interviews 
with index relatives and patients. 


In one important respect the present design is weakened since 
our patients had implants at the time of testing. In effect, we in- 
structed the index relatives to recall what they thougkt and how 
they felt before the patient had an implant. Obviously, several 
factors can contaminate “after the fact” memories. Itis conceiv- 
able that our results are skewed because uncontrolled factors un- 
duly influenced recall. However, our statistical findinzs do dove- 
tail nicely with our qualitative assessment of interv-ews which 
were done preoperatively. In this respect, at least, we feel more 
confident in the validity of our findings. Nevertheless. the results 
should be read with the caveat in mind. 


RESULTS (PATIENTS) 


Thirty-eight questions were asked of zach pa- 
tient, preimplant and postimplant. Results for all 
questions indicated change in the direction of im- 
provement and increased adaptation with the im- 
plant. The mean change for all responses was 0.5 on 
the 5-point scale. Mean change scores ranged from 
0.07 to 1.22 across the different questions. 


Twenty-four questions met the criteria for statis- 
tical significance of the difference between preim- 
plant and postimplant (p < .05). Of these, questions 
that demonstrated the greatest improvement were 
those concerned with the following: feelings of 
isolation, issues of safety, comfort at social events, 
difficulty and frustration in communication, parti- 
cipation in solitary activities (eg, going to a store or 
restaurant alone), feelings of being a burcen. Table 
1 presents the mean ratings for these items preim- 
plant and postimplant. 


TABLE 1. MEAN PATIENT RATINGS PREIMPLANT AND 
POSTIMPLANT FOR THOSE ITEMS SHOWING GREATEST 


IMPROVEMENT (N = 22) 


Feelings of isolation 2.8 1.6 3 .0006 
Concern for safety 2.0 1.0 0 .0005 
Comfort at social events I 2.2 0 0005 
Difficulty in 

communication 2.0 1.0 2.5 .0013 
Frustration in 

communication Zl l.l 0 0007 
Difficulty in solitary 

activities 1.3 0.4 8 .0026 
Feelings of burden 1.4 0.8 5 .0023 


*T is the smaller sum of like-signed ranks of the Wilcoxon Matched-Pairs 
Signed-Ranks Test. 


Of the 14 questions that did not reach statistical 
significance, most were close. For example, ques- 
tions 29 and 30 were concerned with interest and 
degree of comfort in employment. The significance 
levels were ps.0899 and .1125 respectively. 
Although these values did not meet the statistical 
criteria, nevertheless many patients indicated that 
both interest and comfort in employment were bet- 
ter than prior to the implant. 


The questions demonstrating less improvement 
were primarily those concerned with hobbies and 
recreational activities. In general, the quality and 
quantity of those experiences did not appear to be 
affected by the implant to any significant degree 
whether or not the activity required sound. 


Lastly, patients reported the least change in ref- 
erence to the number and quality of their friend- 
ships. This remained unchanged despite the wear- 
ing of an implant. 


DISCUSSION (PATIENTS) 


The patients report that they feel much safer 
since they have an implant. Since they are able to 
encode a wide variety of environmental sounds such 
as warning signals, they can detect and evaluate 
potential dangers more effectively. They note that 
they are more secure in going shopping, to the li- 
brary, driving a car, and the like, and do not need 
to be accompanied by others. They appear to have 
fewer episodes of depression and/or anxiety than 
prior to the implant. An increased sense of mastery 
is also evidenced by the fact that they report feeling 
generally less upset. Emotional well-being has been 
significantly improved. One major contribution to 
the sense of increased independence and emotional 
security is the finding that they feel they are less of a 
burden to their families. This undoubtedly dimin- 
ishes guilt and anger, and bolsters self-esteem. 


Communication is a much smoother process. Ex- 
treme feelings of frustration about difficulties in 
communication appear to have been modulated. 
The implant provides a larger number of verbal 
cues which can lead to improved communication, 
particularly with people with whom the patient is 
frequently in contact. They are almost in unani- 
mous agreement that one of the effects of the im- 
plant in relation to communication is that it pro- 
motes their capacity for lip reading. One outcome 
of improved communication is that the patients 
sense a greater ability to express ideas and make 
their needs more directly known to others. 


While participation in group activities is diffi- 
cult, the patients tend to be much more comfortable 
in such situations than prior to the acquisition of the 
prosthesis. They are somewhat more facile in pick- 
ing up the drift of conversations. They report that 
in family settings, and to some degree in other 
groups, they feel less isolated because their under- 
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TABLE 2. MEAN INDEX RELATIVE RATINGS 
PREIMPLANT AND POSTIMPLANT FOR THOSE ITEMS 


SHOWING GREATEST IMPROVEMENT (N = 13) 
Preim-  Postim- 
plant plant T p 


Concern for patient’s 


safety 2.8 1.8 0 .0038 
Patient’s ae scan 

emotional reactions p Aa i 1.3 0 .0017 
Frustration in 

communication 1.9 0.8 0 .009 
Quality of patient’s 

voice 2.4 R 3.5 .012 


standing about what is transpiring has improved. 
While they continue to favor more isolated ac- 
tivities, as they did when they were profoundly 
deafened (eg, reading), they nevertheless have an 
enhanced feeling of belonging to a social group and 
can make use of such situations more frequently. 
This reduces the number of episodes in which they 
feel extremely lonely. 


The patients report that the implant has a de- 
cided effect on their lifestyle because it has extended 
their sensory capacities which, in turn, permits 
them to engage in human activities formerly denied 
them. 


RESULTS (INDEX RELATIVE) 


There were 23 questions where the index relative 
responded to preimplant and postimplant. As was 
the case with the patients, all comparisons elicited 
change in the direction which supported the view 
that the index relative perceived a positive change 
in the patient and a personal sense of relief because 
the latter seemed to be functioning more satisfac- 
torily. The mean change for this sample for all ques- 
tions was 0.47; mean change scores for individual 
questions ranged from 0.07 to 1.16. 


Twelve questions met the criteria for statistical 
significance (p < 0.05). Of these, the greatest im- 
provement was demonstrated in the following 
areas: concern for patient's safety, patient’s nega- 
tive emotional reactions, frustration in communica- 
tion, and the quality of the patient’s voice. Table 2 
presents mean index relative ratings for those items. 


The areas that showed the least improvement 
were all related to the quality of the index relative’s 
relationship with the patient. Not surprisingly, this 
relationship appeared to remain unchanged despite 
the other positive lifestyle changes reported as 
related to the wearing of an implant. 


DISCUSSION (INDEX RELATIVE) 


The index relative tends to perceive events in a 
manner similar to that of the patient. Now that the 
patient has the implant, the index relative is re- 


lieved about matters of safety. The patient is 
percerwed to have fewer episodes* of emotional 
distress. By the same token, the index relative is less 
upset and this is attributed to the contribution -of 
the implant toward the patient’s well-being. Com- 
muni-ation is perceived to be smoother in that the 
patieat seems to understand more, is a better 
speecireader and can modulate his or her voice 
more successfully. Because of these factors; the in- 
dex relative is less frustrated when communicating 
with the patient. This factor is doubtless a signifi- 
cant contribution to the reduction in emotional ten- 
sion m both the patient and the index relative. In 
addit an, they noted there has been some increase in 
the nimber of social situations they have attended 
with -he implantee. 


There were some contradictions in the way the 
index relatives responded to questions. For exam- 
ple, many index relatives noted that, prior to the 
implerts, they did not consider the deafened indi- 
vidual with whom they were involved to be a bur- 
den or that they harbored negative feelings toward 
him crher. This can only be ascribed to denial and 
guilt simce fears for the patient’s safety, heightened 
levels ef frustration due to severe impediments in 
communication, and the like, must have made them 
feel taat their profoundly deafened relative was in- 
deed a burden. 


SUMMARY 


The ultimate value of any invention is its effect 
on haman experience. The cochlear implant pro- 
vides tae profoundly deafened with a limited range 
of sound, although discriminated speech is beyond 
its grasp. Does it make a difference to the recipient’s 
lifestrle? The answer derived from our data is clear- 
ly in -he affirmative. For the profoundly deafened, 
the implant increases the sense of security, dimin- 
ishes dependence on others, reduces the frequency 
and intensity of emotional distress, promotes com- 
munication, particularly through more efficient 
speec ireading, and there is a significant decrease in 
dreac when social situations are encountered. These 
events are confirmed by outside observers, namely 
the irdex relatives. These improvements in the pa- 
tient’s experience have a secondary but highly 
salutery effect in the index relatives. In short, the 
latter also feel more secure and optimistic that the 
deafened relative or friend has a new resource 
which extends his or her coping abilities. 


The questionnaire used for this study was based 
on inicrmation gathered from many patient and in- 
dex re:ative interviews. It provides a means for 
quanti-ying an individual’s perceptions of the effect 
of the sochlear implant on his or her life. That ef- 
fect is the primary concern that dictates the value of 
a prosthetic device for the consumer/patient. 


USE OF THE COCHLEAR IMPLANT BY THE PRELINGUALLY DEAF 


LAURIE S. EISENBERG, MA 


l ‘Introducing sound to the prelingually deaf adult p-esents a special challenge to those concerned with the rehabilitation of the deaf 
` utilizing the cochlear implant. Twelve subjects with an early loss have undergone implant surgery and have been fitted with external stim- 
-lator devices. Eight of the 12 subjects are considered successful users. Electrical thresholds are comparable to those for the postlingually 
. dépf. However, the prelingual subjects initially have a reduced tolerance for sound and often react differently than the postlinguals. The 
* (prélinguals do not always respond to the sensation as sound, but rather as a feeling or vibration in the head. However, like the postlinguals, 

“ithe prelingually deaf report being able to respond to attention-getting sounds, such as horn-honks and their names being called; and voice 
“quality changes have. been noted. These subjects find music particularly enjoyable through the implant. In addition, they have reported 


feeling more independent, more social, and even less lonely. 


To most people the term deafness often evokes an 
image of an individual who attended special schools 
for the deaf, uses sign language to communicate, 
and primarily associates with other deaf Deople. 
This, in fact, is often an accurate description of the 
individual who was born deaf or lost his or her 
hearing early in life. The congenitally or pre- 
lingually deaf, in most cases, are individuels who 
have devoted their entire childhood to trving to 
overcome this profound sensory impairment, an im- 
pairment which potentially can retard linzuistic, 
cognitive, and social development, as well as alien- 
ate the child from family members due to an in- 
ability to communicate wants and needs. 


With the exception of a small percentage, most 
deaf children are born to hearing parents.’ As hear- 
ing loss is detected, parents attempt to seek out all 
of the educational options available. Often they are 
told that the learning of sign language may seriously 
limit the child’s chance for being successf.l in a 
hearing world. So the child begins the laborious 
process of learning language and speech thrcugh an 
oral/aural approach. Some of those children are 
successful, depending on such factors as severity of 
loss, early detection, and ability to make use of 
residual hearing through effective amplication. But 
often there is minimal or no progress, and then 
manual communication is reconsidered. Of those 
children who continue in oral education, many 
eventually learn sign language as the easiest way to 
communicate with their deaf friends and school- 
mates. By the time adolescence is reached, most 
deaf children have made the decision to either join 
the deaf world or attempt to live in the hearing 
world; the majority choose the deaf world. 


There is another group of deaf individuals — 
those who acquired a profound hearing loss after 
having developed speech and language. In most 
cases, these are people who attended aormal 
schools, come from a hearing family, work and 
socialize with hearing people. In other words, 
sound had at one time been an integral part of their 
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lives. Onset of deafness affects every aspect of life; 
job, family and friend relationships, etc. There is a 
tendency to withdraw from most social situations. 
In addition, absence of sound results in an extreme 
sense of isolation. The postlingually deaf do not fit 
into either the hearing or the deaf world. 


The cochlear implant has been studied primarily 
with the postlingually deafened adult. These sub- 
jects were originally chosen as a source for compar- 
ing normal hearing (auditory memory) with hear- 
ing from the implant. But even more, these subjects 
had a strong need to be back in an auditory environ- 
ment. While we know that the implant does not 
provide even near normal speech discrimination, it 
does give enough clues from timing and intensity in- 
formation to aid in lipreading. Additionally, it al- 
lows the deaf individual to hear his or her own voice 
for purposes of monitoring volume and pitch. Thus, 
communication is enhanced, giving more confi- 
dence and less tendency to withdraw from social 
settings.*” 


With the implant the majority of the profoundly 
deaf subjects attain thresholds for warble tones 
from about 50-70 dB SPL through the speech fre- 
quencies.** This enables the individual to come into 
contact with many sounds within the environment. 
It likewise gives a greater sense of security and in- 
dependence in the ability to perceive and recognize 
warning signals, and to use the telephone for emer- 
gency situations. 


The findings to date indicate that the cochlear 
implant can be of significant benefit for the post- 
lingually deafened individual. But the majority of 
congenital or prelingually deaf have accommodated 
to a life without hearing and have learned to rely on 
alternate sensory modalities as a substitute. Can the 
benefits provided by the cochlear implant be of 
significance for the prelingually deaf? 


Human and animal studies indicate that exten- 
sive sensory hair cell damage results in some fur- 
ther, but not total, retrograde degeneration of 
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spiral ganglion cells, cochlear nerve fibers, and cells 
within the cochlear nucleus. This is found in both 
adventitious and congenital hearing loss.°'° Find- 
ings of Webster and Webster'™'? suggest that con- 
genital deafness (or any early deprivation of sound) 
causes an incomplete maturation of cells in the 
cochlear nucleus; this development takes place post- 
natally and apparently requires auditory stimula- 
tion. Ruben and Rapin”? cite a number of animal 
studies which show behavioral effects of early audi- 
tory deprivation. 


The House Ear Institute (HEI) has recently de- 
voted considerable effort to the study of those adults 
either born deaf or deafened in early childhood. 
The electrical stimulation of the auditory system in 
these subjects poses two questions: 1) can an indi- 
vidual who has reached maturity without normal 
development of auditory pathways now receive and 
make use of an auditory signal; and 2) if so, can 
these subjects learn to make use of this sound to im- 
prove their quality of life? 


A therapy plan was developed at HEI which 
teaches the concepts of sound to the preingually 
deaf adult using the cochlear implant.'* The pro- 
gram takes a multisensory approach whereby audi- 
tory input is integrated with visual and tactile infor- 
mation as a means of developing auditory percep- 
tual skills. The lessons progress in a hierarchy of dif- 
ficulty which begins with the production of sound. 
Many deaf individuals do not realize that most ob- 
jects are capable of producing sound, even if only 
by actions (eg, fork hitting plate)."* Instruction 
regarding more abstract conceptualization. such as 
viewing of sound being produced on film, progress- 
ing to listening to sound on audiotape, is gradually 
introduced. Music and environmental sounds form 
the basis of the program. Music in particular has 
been found to be a successful therapeutic tool in 
helping to facilitate a carryover from vibrotactile 
experience to auditory experience. The basic pa- 
rameters of sound (such as timing and intensity) are 
taught using music, and reinforced through a series 
of familiar associations (environmental sounds) 
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wh.ch serve to convey the meaning and usefulness 


of sand. | 


PRELIMINARY FINDINGS 


Prelingually Deaf Adult. Experimentation with a 
small group of subjects suggests that electrical 
stimulation of the residual auditory neurons in the 
prelimgually deaf adult does provide useful infor- 
maton. Currently, 12 adult subjects evaluated at 
HE] with early childhood hearing losses (prelingual 
— arbitrarily defined by HEI as any subject deaf- 
enec before age 5 — and congenital) have under- 
gone implant surgery and been fitted with external 
stim ılator devices. Table 1 provides a description of 
the subjects. Their ages at time of implant range 
from 19 to 41 years with a mean age of 26 years. 
The majority of the subjects had some experience 
with hearing aids at some time in their lives. It 
should, however, be pointed out that only two sub- 
jects were using amplification at the time of receiv- 
ing the implant. Eight of the 12 subjects are con- 
sidered successful users in that they use the implant 
on a daily basis. Of these 8, 6 are congenitally deaf. 
Witk respect to mode of communication, it is in- 
teres-iag that all four subjects who come from an 
oral/aural (speech- and lipreading) background are 
successful users. Subjects from either a manual (sign 
language) or total (oral/manual) background are 
evenly distributed between the users and nonusers. 
Two successful users are from essentially a manual 
background. Both of these subjects had etiologies of 
Usher syndrome, and were in need of a back-up 
systen should their vision completely fail. One ad- 
ditior A trend was that the most successful users 
tended to be those subjects with strong family sup- 
port during the rehabilitation process. With regard 
to those subjects classified as nonusers, the only con- 
sisten- pattern appeared to be that 3 of the 4 sub- 
jects had concurrent emotional and/or personality 
traits which seemed to interfere with their lives. 


Table 2 presents test results which indicate that 
electrical thresholds for the prelingually deaf sub- 
jects cre comparable to those for the postlingually 


TABLE 1. COCHLEAR IMPLANT ADULT SUBJECTS WITH EARLY CHILDHOOD HEARING LOSS 


Implant Use ona Date of Beginning 


Subject Daily Basis Stimulation 
A Nonuser 10/73 
B User 10/73 
C User 8/74 
D Nonuser 9/78 
E User 1/79 
F User 2/19 
G Nonuser 7/79 
H User 1/80 
I Nonuser 3/80 
J User 4/80 
K User 6/80 
L User 8/80 


*Not profound at onset. 


Birth 
Birth 
6 mo* 
2 yr 
Birth 
4 yr 

4 yr 
Birth 
Birth* 
Birth 
Birth 
Birth 


Use of Hearing Aid 


Age at Time of At Time of Mode of 


Onset of Deafness 2eceiving Implant Receiving Implant Communication 


23 No Manual 
41 No Manual/oral 
si No Oral 

19 No Manual 
32 No Manual 
34 No Oral 

19 No Manual/oral 
19 No Manual 
26 No Manual/oral 
19 No Oral 

22 Yes Oral 

26 Yes Manual/oral 
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TABLE 2, ELECTRICAL TEST RESULTS IN VOLTS* AT THE 


EXTERNAL COIL (PRELINGUAL VS TOTAL SUBJECTS) 


Uncomfortable 


Threshold Loudness Levels 
No. Mean(V) No. Mean(V) 
Prelinguals 9 2 4 5.9 
Prè- & postlinguals 
combined 87 3 50 14.0 


*Peak-to-peak. 


deaf subjects. However, the prelingual subjects take 
quite a bit longer to acclimate to sound. They ini- 
tially can only tolerate stimulation for short periods 
of time such as 1 to 2 hours a day. This tolerance in- 
creases with time. The prelinguals are varied in 
their daily usage, ranging from 7 or 8 hours per day 
for some subjects to 14-16 hours per day for others. 
The prelingual subjects also tend to have a reduced 
tolerance for the intensity of the stimulus. The 
mean uncomfortable loudness level (ULL) for four 
prelingual subjects is 5.9 V (p-p) when measured at 
the external coil. (The majority of the subjects were 
not tested for ULL; this is a very difficult measure 
for subjects with little or no previous sound ex- 
perience.) This contrasts with the mean ULL for 50 
implant subjects (combined early and late losses) 
which is twice as high at 14 V. Therefore, the im- 
plant stimulator units for the prelinguals are set 
rather conservatively. This results in slightly higher 
warble-tone thresholds in the sound field (Table 3). 
With time, the subjects can generally tolerate hig- 
her voltage settings. 


Initial reactions to sound for the prelinguals have 
been varied. Most of the subjects (congenitals even 
more so than those who lost their hearing in early 
childhood) have described such sensations as dizzi- 
ness, spinning in the head, pulsation of the eyes 
deep inside the head, and bodily reactions such as 
feelings in the chest or throat. Hearing is predom- 
inantly described as feeling or vibration in the head, 
either in the forehead or all over the head, but not 
in the region of the ear. This contrasts with the post- 
lingually deaf subjects who have described it as an 
auditory sensation usually deep within the ear. 
(One subject totally deaf for 48 years — commenc- 
ing at age 6 as a result of trauma to the head — also 
described the stimulus from the implant as a sensa- 
tion in the center of the forehead.) 


Two congenitally deaf subjects who had early 
and continuous exposure to sound through hearing 
aids (and were planning to continue using them on 
the ear opposite the implant) likewise reacted to the 
sound with descriptions of bodily sensations and 
vibrations in the head. Using both prostheses to- 
gether, these subjects were eventually able to merge 
the two different sensations (hearing and feeling), 
and were less aware of “vibrations.” As one of these 
subjects described: 


When I wore the implant for the first time, I felt vibra- 


TABLE 3. MEAN WARBLE TONE THRESHOLDS WITH 
THE COCHLEAR IMPLANT IN THE SOUND FIELD 


(PRELINGUAL VS TOTAL SUBJECTS) 


Mean Warble Tone Thresholds 
(dB SPL*) 
Frequency in Hertz 
250 500 1000 2000 3000 


Prelinguals (N =5) 74 64 61 64 63 
Pre- & postlinguals 
combined (N = 74) 64 60 58 57 60 


*Re: 20 u Pascal. 


tions in my head and didn’t hear anything through my ear. 
I had a terrible headache caused by a lot of vibration for a 
couple of weeks. A few months later, the vibration in my 
head stopped. Then I felt sounds going through my ear 
with the implant, as same as with my hearing aid. 


The other subject noted that after approximately 
three months of using the implant the vibrations in 
the head were still present, but that sounds in the 
ear were also being experienced. Nevertheless, re- 
habilitation for these two subjects required a com- 
prehensive program of introducing the basic pa- 
rameters of sound and auditory training techniques 
— the program specially developed for those with 
little or no previous auditory experience. 


The fact that the congenital subjects relate to this 
sensation as vibration or feeling in the head is 
reasonable when one considers that the deaf have 
always been able to perceive sound (if intense 
enough) in the form of vibrations on the skin. 
However, we recently had the opportunity to ob- 
serve two very unusual cases. One case, reported by 
our coinvestigator team from Houston (Porter T, 
Maddox HE, personal communication), was a 
woman prelingually deafened in one ear and post- 
lingually deafened (onset during teens) in the other 
ear. This enabled her to develop normal language 
and speech, in addition to retaining a memory for 
sound. Cochlear implant surgery was performed on 
the ear which was prelingually deafened. Initial 
testing with the implant evoked similar reactions to 
those of the congenital subjects, that is, “pressure” 
or “vibration in the head.” By making the signal 
stronger in intensity, she was able to perceive it as 
auditory. 


Of even more interest is a case seen at HEI of a 
34-year-old male who lost his hearing in the right 
ear in childhood reportedly due to measles. An 
acoustic tumor later developed on the left side, and 
hearing had been slowly deteriorating over the last 
13 years. This resulted in a severe sensorineural loss, 
which was aided with a BICROS system. The sub- 
ject was investigating various medical/surgical 
treatments for the tumor, and decided to have an 
implant on the right ear as a precaution, should re- 
moval of the tumor result in total deafness. 


This subject reacted to electrical stimulation as 
the congenitals did; initial reaction was dizziness, 
and as the intensity was increased a “pounding” in 
the forehead was experienced. He was able to give 
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us some very interesting descriptions. 


. . . I felt a sudden sensation. This sensation came from 
the middle of my head almost directly above the bridge of 
my nose about four inches up, and seemed to be emanating 
from where my hairline begins. It felt like a pounding sen- 
sation, like a rush of air coming across from my eyes and 
protruding from my eyes up through the back of my nose 
and pushing towards the top of my skull... 


His description of the second day was: 


It’s like a search beacon swimming in my head, swirling 
around and affecting my eyes, and the left and right side of 
my head from the eye level straight up and over, and then 
down over the other right eye level, and across over the 
bridge of the nose almost like a rectangle. It’s almost as if it 
makes my hair stand on end. It’s discomforting, but it does 
not hurt. 


After one week of stimulation the sensation 
changed to a “horizontal-like feeling” from ear to 
ear, about eye level. He perceived it as being a bit 
stronger on the right. After approximately six 
months of stimulation, the sensation moved to the 
locale of the right ear, and was definitely perceived 
as hearing. 


Unlike the Houston subject, this subject did not 
perceive sound with inereases in intensity, but 
rather experienced only an increase in discomfort. 
These reactions lead us to believe that his implanted 
ear was very possibly a congenital loss, as primarily 
only the congenitals have responded this way. The 
subject indicates that this is indeed a possibility. 
Thus this case may have provided us with an ear 
that has never received any acoustic stimulation 
before in a patient who is postlingually deafened 
and has years of sound experience from the other 
ear. We had assumed that the reactions of the con- 
genitally deaf were of a cognitive nature. That is, 
that the congenitally deaf did not have the ex- 
perience or the vocabulary to describe sound. The 
fact that this subject also did not interpret the 
stimulus as auditory raises the issue that such per- 
ception of sound may additionally have a develop- 
mental or physiological basis. 


Another major difference between the postling- 
uals and the prelinguals is in response to music. The 
postlingual subjects are quite disappointed when 
hearing music through the implant. This is under- 
standable in that the signal they receive lacks the 
tonal/harmonic structure which comes to be repre- 
sentative of music for the hearing person. The pre- 
lingual subjects, in contrast, find music particularly 
enjoyable with the implant. In some cases music has 
been the major motivating factor behind accep- 
tance of the implant. This may be attributed to the 
fact that the prelingual deaf also have a defined 
representation of what music is. By using primarily 
the tactile sensory mode, the deaf pick up vibrations 
of varying duration, intensity and tempo, and give 
an aesthetic interpretation to this code. The im- 
plant, likewise, provides the temporal/intensity 
cues of music. In this way music, via the newly ac- 


qui-ed hearing modality, maintains its structural 
integrity within a defined construct. In fact, the im- 
plamt provides the prelingually deaf with more sen- 
satioas from music than they could otherwise ob- 
tair. 


Tre benefits derived from the implant by a post- 
lingually deafened adult were discussed early in the 
paper. The prelingual subjects, likewise, report 
simlar advantages. As with the postlinguals, the 
prelingually deaf subjects report being able to re- 
spomd to attention-getting sounds such as horn- 
honks and their names being called. Voice quality 
changes (toward a more habitual pitch) have been 
noted in these subjects. In addition, subjects have 
reperted feeling more independent, more social, 
and even less lonely. 


The subjects generally report that the implant 
brirgs in more sounds than had ever been ex- 
per@aced through hearing aids. One subject, who 
had worn an aid all her life, stated that this was the 
first time she had ever heard such sounds as water 
flowing, paper crackling, a kiss on the hand, chalk 
on € board, and even hands hitting while using sign 
language. The knowledge that most objects are 
capable of producing sound through action, and 
that sounds can be experienced from a distance has 
beem a revelation to these subjects. 


Contact with sounds in the environment has been 
of extreme importance to man from an evolutionary 
standpoint. As Berliner’® states: 


It seems reasonable that the continual awareness of or 
sensing of the environment through the auditory modality 
has had survival value for humans in their evolutionary 
hestory. They come equipped with adult size cochleas at 
barth, the only organ of the body that is adult size at birth, 
amc hearing provides some of the first contacts with the 
world... The infant uses his sense of hearing in a number 
ot ways before he has acquired speech perception ability, 
amc prehistoric man undoubtedly used audition to advan- 
tage before development of a spoken language. 


Maan has an innate need for sound. For our pre- 
lingaally deaf implant subjects there seems no 
doubt that the ability to hear sound adds a new 
dimension of sensory awareness for interacting with 
the environment. 


Tae cochlear implant does not take the prelin- 
guall» deaf adult out of the world of deafness, nor 
does it significantly alter any style of living, as these 
pattems have been long established. However, the 
fact that these subjects have accepted sound and 
find it useful and enjoyable, has encouraged us to 
begin looking at the deaf child. 


Stbjects under Age Eighteen. To date, 12 pro- 
foundly deaf children have undergone implant sur- 
gery and been fitted with external stimulator de- 
vices. The results on these subjects can be found in 
this monograph as a separate chapter devoted just 
to cFisdren.'? However, with our knowledge of how 
the eengenitally deaf adults initially describe the 
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sensations, we were concerned about how the con- 
genitally.deaf children would respond, particularly 
the first child, a 10-year-old male. His first reaction 
to sound through the implant was similar to that of 
the prelingual adults, a sensation experienced in the 
head. This was understandably quite disturbing to 
him, and he began to exhibit symptoms of anxiety. 
Rather than run the risk of conditioning him to 
sound as an aversive stimulus, a behavior-shaping 
approach using techniques of desensitization was 
initiated. The stimulator device was fit on him, but 
set below his level of awareness. We had him par- 
ticipating in sound-producing activities which were 
pleasurable for him. Gradually the volume was in- 
creased. With each increment he was positively 
reinforced with some reward. By the end of two 
weeks he was able to make simple discriminations 


such as a door knock from a doorbell ring from his 
name being called. He was using the implant 10-11 
hours a day. 


The ultimate goal for this project is to be able to 
implant the very young deaf child who cannot ben- 
efit from traditional amplification. In this way, re- 
sidual cochlear nerve fibers can receive some bene- 
fit of auditory stimulation during those critical 
years when sensory pathways are being integrated 
into the central nervous system and the develop- 
ment of speech and language is at an optimum. Ex- 
perience with the prelingually deaf adult has been 
one more step toward this goal. From this very 
special group we have learned that an auditory 
signal can be perceived at the adult stage, and 
become an integral part of the life experience. 
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INITIAL EXPERIENCE WITH TEE COCHLEAR IMPLANT 
IN CHILDRAN 


LAURIE S. EISENBERG, MA 


WILLIAM F. HOUSE, MD 


The decision to implant cochlear prostheses in children came after posit ve findings with deaf adults and the belief that the benefits of 
receiving sound far outweigh the potential risks involved. As of December 981, 12 profoundly deaf children have received the single- 
electrode cochlear implant. Their ages range from 3.5 to 17 years. Test results are consistent with those of adults. Mean thresholds across 
the frequency range fall between 59-64 dB SPL. With the implant, these chil izen can perform specific timing and intensity differentiations 
which could not be done with hearing aids. Their voices are quieter and mosemodulated, and the children are not quite as noisy with ob- 
jects in the environment (eg, do not slam doors any more). This preliminary data demonstrates that implanting subjects under the age of 18 


years is feasible. 


Most educators of the deaf advocate the need to 
fit young deaf children with amplification as early 
as possible. Traditionally, high-powered hearing 
aids have been the prosthesis of choice, even though 
there existed a potential risk of doing further 
damage to inner ear structures.’ The rationale sup- 
porting this view maintains that children need audi- 
tory input most particularly during those critical 
early years when language development is at an op- 
timum. 


Often, however, children with total or profound 
hearing loss have not been able to benefit from 
hearing aids. In recent years, the single-electrode 
cochlear implant has been proven a clinically feas- 
ible alternative for profoundly deaf adults. The de- 
cision to implant children came as a result of the be- 
lief that the benefit of sound to a profoundly deaf 
child far outweighs the potential risks involved.’ 
Extensive experience with a large number of im- 
planted deaf adults gives us objective evidence that 
the implant provides significant benefit. Warble 
tone thresholds across the frequency range show de- 
tection between 55-70 dB SPL.’ This allows for con- 
tact with a great many sounds within the environ- 
ment. Psychoacoustic measurements reveal near 
normal durational and intensity information, with 
measurable frequency difference limens to 500 
Hz.*5 While this does not provide enough cues to 
understand speech, it does provide prosodic ele- 
ments of speech (such as stress and syllabication) 
which can supplement lipreading. The subjects, 
likewise, are able to spontaneously monitor their 
voices toward a more appropriate volume and 
pitch. 


The majority of subjects implanted have been 
postlingually deafened. The postlingual adults have 
demonstrated an ability to make reasonable judg- 
ments regarding the sound, and thus are good test 
subjects. However, congenitally (or prelingually) 
deaf adults had to be investigated as a prelude to 
considering children. From a physiological point of 
view, there was a need to know if one either born 
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deaf, or deafened in early childhood, had an audi- 
tory system that was capable of being stimulated. 
Ackfitionally, it was necessary to know whether the 
prel ngually deaf could receive benefit from the im- 
plart similar to that of the postlinguals. 


Asmall sample of 12 prelingually deaf adults was 
im>.anted and put through a rehabilitation pro- 
gren developed at the House Ear Institute. From 
these subjects it was learned that even with long- 
term auditory deprivation from birth or early child- 
hoed, the auditory system is still capable of being 
stimulated. It was also shown that these subjects 
rece-ve and can make use of the timing/intensity 
patterns used by the postlingual adults. They, like- 
wise report similar benefit such as contact with the 
auditory environment; feeling more independent, 
mare social, less lonely; and improvement in voice 
quality.° 


“et, while the postlingual subjects consistently 
report significant improvement in quality of life, 
the prelingual subjects indicate that the addition of 
an aaditory channel has limited effect on their lives, 
as Datterns and habits for living in a deaf world (a 
world without need for sound) have been long es- 
tabished. 


“hus, from these results it was hypothesized that 
the wounger that one can be implanted, the greater 
the ehance for effecting a change, particularly if 
heering can be integrated into the central nervous 
system during those critical developmental years, 
anc before reliance on alternate sensory modalities 
becomes habitual. It is to be expected that the 
yourg subjects will receive the same information 
frox the implant as the adults. Yet the potential for 
berefit is perhaps even greater. Timing and intensi- 
ty formation cannot be underestimated with re- 
spe>f to speech reception and production. Simmons’ 
repo“ts three cases with no hearing above 750 Hz, 
but mormal hearing below that frequency. All three 
of the cases developed the losses prior to age 2, yet 
are able to communicate quite effectively. He at- 
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ae a _ ‘TABLE 1. SUBJECTS UNDEE AGE 18 RECEIVING COCHLEAR IMPLANT 


of 
, r” 


; ei - Age At Onset 
_ Subject ` Sex of D Etiolo 
OLA M ` Birth Unknown 
B` M ¢ 7.5 yr Traume 
C. F Birth Unknown 
D a ae 3 yr Mening tis 
E <M. Birth Unknown 
F- M. l yr Meningitis 
G. H F Birth Matermal rubella 
Hoa M Birth Unknown 
I . ee) 1.3 yr Meningitis 
el ar M Birth Unknown 
Ta a F 5 yr Meningitis 
E M 2.8 yr Meningitis 


tributes this to an ability to make use of rate-pitch 
coding during the early years. This is the kind af in- 
formation the implant can provide. 


Animal and human studies on auditory depriva- 
tion indicate that absence of acoustic stimulation in 
early developmental years can result in the inakility 
of the auditory neural network to reach full mazuri- 
ty. Giving the young deaf child some auditory 
stimulation now may make that child better able to 
use more sophisticated systems available in years to 
come. 


The ultimate measure of success with deaf 
children has to lie in how the implant can influence 
the receptive and productive elements of speech. 
The most appropriate way to determine the p5ten- 
tial effect of the implant on speech and language is 
a controlled study which can directly compare pro- 
foundly deaf children using an implant to those us- 
ing a hearing aid and those with no prosthesis et all. 
Such an investigation will take much planning and 
will necessarily be a long-term endeavor. However, 
prior to undertaking such an investigation a pilot 
study is necessary. Such issues as ability to wear 
equipment, assessment procedures, and develop- 
ment of a habilitation program all require studying 
a select group of profoundly deaf children of vary- 
ing ages on which to base the development of £ pro- 
tocol for a controlled study. 


The most immediate concern prior to initiating 
even a pilot study is the issue of surgery in the young 
deaf child. It has been well documented thet the 
cochlea and middle ear structures are adult sze at 
birth. At approximately two years, the facial -ecess 
reaches adult size. However, the squamous portion 
of the mastoid bone is small and the skull thin. 
Small internal coils have been tolerated well, and 
the electrodes have enough length to compensate 
for growth of the skull. Thus from a surgical stand- 
point it is feasible to implant at two years of age." 


Another issue is a medical concern. With the oc- 
currence of otitis media, the risk of infection in- 
vading the cochlea cannot be ruled out. The fact 


Age in Years at Time 


of Receiving Implant Use of Hearing Aids 
(Beginning at Time of Receiving Mode of 
Stimulation -~ Implant Communication 
10.8 No Manual 
12.3 No Oral/aural 
Ivi No Manual 
3.5 Yes Oral/aural 
11.8 Yes Manual 
8.7 Yes Manual 
4.0 Yes Manual 
13.5 Yes Oral/aural 
9,0 Yes Manual 
17.0 No Manual 
10.5 Yes Oral/aural 
6.8 Yes Manual 


that no insulating material enters the scala 
significantly reduces the risk. One adult implant 
subject developed an otitis media that resolved with 
no complications. However, the children must be 
watched carefully in this regard. 


A further consideration is that of equipment. The 
adult subjects are required to wear a pair of glasses 
as a means of holding the external coil to the head. 
Prior to the actual implanting of children, internal 
magnet/coil systems were implanted in animals’ 
and then adults. These were found to be a successful 
replacement for the glasses. They also make align- 
ment between the two coils much easier. 


SUBJECTS 


The children chosen for the pilot study were 
tested under headphones, with hearing aids, impe- 
dance audiometry, and brainstem evoked response 
tests (subjects under age 5) to confirm bilateral pro- 
found deafness. The ear chosen for the implant was 
the poorest of the two ears with respect to hearing 
aid performance. Educators of deaf preschoolers 
have remarked on the importance of allowing a 
trial period with hearing aids (especially prior to 
the age of three years) before making a decision as 
to benefit. Thus, the children under five years had 
at least six months’ prior experience with aids. 


All previous audiological and academic records 
were required from each child. Contacts were set 
up with the schools the children attended. As im- 
portant as it is for us to learn about the child, it is 
equally important that the schools begin to learn 
about the implant. 


To date, 12 profoundly deaf subjects under the 
age of 18 have been selected to undergo cochlear 
implant surgery. 


Table 1 provides a description of the 12 subjects. 
The ages of these subjects range from 3.5 to 17 
years, with a mean age of 10.3 years. Five of the 
subjects are female and seven are male. Six of the 
subjects were born deaf, while the other six were 
deafened due to either meningitis or trauma. Eight 
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TABLE 2. PREOPERATIVE WARBLE TONE 
THRESHOLDS (dB SPL*) UNDER HEADPHONES IN EAR 


RECEIVING IMPLANT ON SUBJECTS UNDER AGE 18 
Frequency (Hz) 





Subject 250 500 1000 2000 3000 
A 120.5 96.5 117 NLA NLA 
B NLA NLA NLA NLA NLA 
C 90.5 91.5 107 NLA NLA 
D NLA NLA NLA NLA NLA 
E NLA NLA NLA NLA NLA 
F 130 NLA NLA NLA NLA 
G NLA NLA NLA NLA NLA 
H 115.5 121.5 NLA 114 NLA 
I 110.5 NLA NLA NLA NLA 
J NLA 100 110 110 105 
K NLA NLA NLA NLA NLA 
L 115.5 121.5 NLA NLA NLA 

*re: 20 p Pa. 


NLA - Not to the limit of the audiometer. 


of the 12 subjects utilize manual communication 
(sign language) as their primary means of commun- 
ication while the other 4 use oral modes. Subjects B, 
D and K had developed language prior to onset of 
deafness, and were using speech and lipreading 
(oral/aural) to communicate. Subject H, while 
born deaf, had enough usable residual hearing with 
aids to develop oral skills. All of the children have 
had some experience with hearing aids. Eight of the 
children were still wearing aids at the time of re- 
ceiving the implant. 


Table 2 demonstrates the profoundness of the 
hearing loss in the ear undergoing implantation. 
Table 3 shows hearing aid performance in the ear 
receiving the implant. Subjects C, H and J show 
responses out to 3000 Hz. However, these subjects 
had extremely small dynamic ranges and could not 
tolerate any aid of enough gain to provide adequate 
sound awareness for general use. 


RESULTS 


All 12 of the subjects have successfully undergone 
cochlear implant surgery. Four of the subjects were 


TABLE 3. PREOPERATIVE WARBLE TONE 
THRESHOLDS WITH HEARING AIDS IN SOUND FIELD 


(dB SPL*) INEAR RECEIVING IMPLANT 
Frequency (Hz) 





Subject* : 250 500 1000 2000 3000 
B NR 90.0 NR NR NR 
C 65.5 36.5 47 74 85 
D NR NR NR NR NR 
E 80.0 NR NR NR NR 
F 85.0 90.0 NR NR NR 
G NR NR NR NR NR 
H 80 75 60 80 80 
I 80 60 90 NR NR 
J 80 66.5 78 82.5 82.5 
K 90 90 NR NR NR 
L 80 70 80 NR NR 

*re: 20 u Pa. 


**Subject A did not test with hearing aid; aided speech threshold -75 dB 
SPL. 


NR - No response at 90 dB SPL. 





A) External coil, microphone, and stimulator unit as 
shown on young implant subject. B) Closeup of center 
magnet coil and microphone worn by young implant sub- 


implanted in the right ear, and eight were im- 
planted in the left ear. The dates of stimulation 
commence with subject A, who began stimulation 
in August 1980, to the most current subject, who 
stard in December 1981. All of the children have 
beem implanted with magnet/coil systems. The 
figure shows how the implant is worn by a young 
subject. The two youngest subjects wear the 
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TABLE 4. MEAN WARBLE TONE THRESHOLDS (dB 5PL*) 
WITH COCHLEAR IMPLANT: 
CHILDREN VERSUS ADULTS 


. : Frequency (Hz) 


Subjects ` 250 500 1000 2000 3000 
Children 65 61l 59 6l 62 
Adults 
(n=74) 64 60 58 57 60 
*re: 20 p Pa. 


-stimulator unit in a very small backpack on their 
backs. Worn in this manner it doesn’t get in the way 
when they are very physically active. The older 
children wear the device in the same manner as 
adults. 


Initial Reactions to Stimulation. From the ex- 
perience we have had with congenitally deaf adults, 
we know that initial reaction to the implant can be 
disturbing. The sensation is often first perceived as 
“dizziness” and feelings in the chest or throat. As 
the signal is made a little stronger, the sensation is 
perceived as a feeling or vibration in the center of 
the forehead. This, understandably, is somewhat 
discomforting. With time, the strangeness wears 
off, and subjects report that the vibration disap- 
pears and the sensation is perceived in the ear. 
Knowing this, a primary concern was how the chil- 
dren would initially react, as many would be con- 
genitally impaired. 


Initial reactions to electrical stimulation were 
varied. Subject A was visibly distressed. He began 
to cry and then pull the coil away. A process af de- 
sensitization was initiated whereby hearing was 
paired with sound-producing activities which were 
enjoyable to the subject. On the other hand, subject 
E (who was of a similar age to subject A) was literal- 
ly enthralled by sound. His eyes would widen at 
every sound heard. From the very first days he was 
using the implant up to 13 hours a day. 


Subjects F and I, while not having quite as en- 
thusiastic a reaction as subject E, did accept the im- 
plant very well. Subject G, our youngest congeni- 
tal, experienced a reaction similar to subject A. She 
was visibly confused and startled by the sound. Her 
response was to take the coil off and go to her 
mother for comfort. Subject L, likewise, was fright- 
ened by the sensation and began to cry. Our goals 
with these two subjects were to build a tolerance to 
sound (as with subject A), while at the same time 
teaching what the sensation is and how to relate to 
it. This involved a very controlled situation, where 
the child was either producing the sound or watehing 
it being produced. 


Subject D, the youngest subject (and most recent- 
ly deafened) had a completely different reaction 
from any other subject (child or adult). She showed 
no real response to sound for the first three days. 
Her case is extremely unusual, and will be discussed 
later in this paper. 


TABLE 5. WARBLE TONE THRESHOLDS (dB SPL) WITH 
COCHLEAR IMPLANT FOR SUBJECTS UNDER AGE 18 


Warble Tone Thresholds (dB SPL*) 
Frequency (Hz) 


Subjects** 2505001000 ~S 2000 ___3000 
A 58 53 54 64 60 
B 59 53 56 50 60 
i 58 55 56 63 62 
D 78 67 65 61 56 
E 66 65 595 56 62 
F 73 69 65 69 64 
H 65 64 62 61 64 
I 66 60 57 63 64 
] 51 56 53 55 57 
K 66 66 62 60 66 
Lb 62 62 60 67 75 
*re: 20 p Pa. 


**Subject G could not be conditioned to respond to sound. 


The four oldest subjects (B, C, H and J) and sub- 
ject K reacted like the adult subjects, and were able 
to be put through the therapy programs developed 
for the adult implant subjects. In contrast, the two 
youngest subjects could not even give us the feed- 
back required to know if the stimulator unit was set 
adequately. Therefore, means for establishing op- 
timum unit settings have been devised that involve 
techniques of operant conditioning, judgments on 
voice changes, and ability of the subject to respond 
to sound while asleep. 


Finally, it should be noted that most of the young 
congenital subjects indicated that the sensation was 
perceived as a feeling in the forehead. Subject C 
reported that after approximately six months of us- 
ing the implant, the sensation localized to her ear, 
and the “vibration” sensation had disappeared. 
Subject E reported that after six months hearing 
was perceived in both the ear and the forehead. The 
children with acquired deafness indicated that the 
sound was perceived in the ear, the same as 
reported by the postlingually deaf implanted 
adults. 


Subject Performance. Test results on these sub- 
jects as a group are consistent with those found on 
the adult subjects. Table 4 shows the mean warble 
tone thresholds for the children versus adult sub- 
jects. Mean warble tone thresholds (in the sound 
field) across the frequency range fall between 59 
and 64 dB SPL for the children (n=11). This is 
comparable to the adults, who range from 57 to 64 
dB SPL. 


Table 5 shows individual test results for the 12 
young subjects. These were obtained during the 
first few weeks of stimulation. The younger chil- 
dren had higher warble tone responses than the 
older children. We expect to see lower thresholds in 
time as listening skills are further developed. Sub- 
ject G could not be taught to respond during this in- 
itial period, even with conditioning. She did, how- 
ever, show definite changes in vocalizing when the 
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implant was activated. After approximately five 
weeks with stimulation, she did start showing con- 
sistent awareness to sound. 


With the implant, these subjects are able to per- 
form specific timing and intensity differentiations, 
none of which could be done with hearing aids. 
With the exception of the two youngest subjects, the 
children were able to make judgments between 
loud and soft sounds the very first session with 
stimulation. They were also able to count and tell 
differences in numbers of sounds the first or second 
day. By the second week they were able to transfer 
this to numbers of syllables in words and sentences. 
Additional abilities have included differentiating 
continuous versus interrupted, long versus short, 
and fast versus slow. As with the adult subjects, the 
children can easily discriminate between two and 
three sounds within the environment, such as a 
doorknock versus a siren versus their name being 


called. 


Parents’ and Teachers’ Reactions. From the 
parents’ reports we were able to make better judg- 
ments as to appropriate unit setting and effective 
use. It also enabled us to better modify and tailor 
therapy for each child’s individual needs. 


In general, all of the parents have observed that 
their children have become much quieter when the 
implant is activated. Their vocalizations become 
softer in intensity and, thus, more appropriate. The 


. pitch tends to be less shrill and piercing. Objects in 


the environment are treated with more gentleness. 
For example, doors are no longer slammed shut and 
toys are treated less roughly. Some of the parents 
have remarked that their children seem to focus 
more on the faces when conversation is going on, 
and seem very curious about speech. Almost all of 
the children use their voices when turning the im- 
plant on to test the loudness of the setting. 


Teachers and speech therapists of the children 
have remarked that the voices have become more 
relaxed and natural sounding with the implant ac- 
tivated.’ Practicing with speech is easier and more 
progressive now that the children are able to audi- 
torily monitor their voices. One child’s teacher, 
speech therapist, and program coordinator all came 
to observe him undergoing therapy at the Institute. 
They commented that he was performing tasks he 
had never been able to do with the hearing aids. 
They additionally noted his increased attentiveness 
for the auditory training activities. 


Current Status. Eleven of the 12 children are con- 
sidered to be successful implant users in that they 
use the implant on a daily basis. Hours of usage 
range from 5 to 13 hours a day, with the majority 
using it 8 to 10 hours. The one subject not using the 
implant is subject A. This subject initially had a dif- 
ficult adjustment to the implant. He also had a his- 
tory of rejecting hearing aids. Prognosis with the 


implant was believed to be good because after two 
we2ks he was using the implant up to 11 hours a 
dar, and performing simple discrimination tasks. 
Afte- leaving the Institute he had great difficulty in 
adjusting to sound, particularly in the school set- 
ting. From his reactions to both the implant and to 
hezering aids in school, there is evidence that the ad- 
ditan of an auditory stimulus somehow interferes 
with his processing of other information. 


Te date, no measurable adverse effects have been 
obs-ved. Surgery and the postoperative period 
have been unremarkable. One subject developed a 
slight infection over the incision. This was treated 
in the early stages and resolved. Two other subjects 
devetoped otitis media in the ears having received 
the mplant. Both were treated with antibiotics. 
The problem resolved without any further compli- 
cat:cn. 


Ssenmary. To summarize, test results as a group 
are consistent with those of adult subjects. With the 
implant, the children are able to perform specific 
timimg and intensity differentiation tasks, none of 
which could be done with hearing aids. Subjects 
have exhibited a variety of reactions to initial 
stimulation. The majority of the congenitally deaf 
children indicate that the sensation is perceived in 
the ferehead, the same as reported by the congeni- 
tal adults. The children with acquired deafness are 
sim lar to the postlingual adults in perceiving the 
sensation in the ear. Parents and teachers have re- 
por-ed that voices sound modulated and less pierc- 
ing. t has also been noted that the children are not 
quite as noisy with objects in the environment. To 
date, 11 of the 12 subjects use the implant on a daily 
basis No adverse effects have been measured. 


DISCUSSION 


Exmerience with 12 implanted children has given 
us tae opportunity to evaluate performance in com- 
parssen with adult implant subjects. Results indi- 
cate ‘hat the majority of the children are able to 
perkorm specific discrimination tasks within a 
2-w2ek period after having received stimulation. 
The children of age 13 years and older were able to 
be put through the adult rehabilitation programs, 
as they were intrinsically motivated to succeed with 
the raplant. The children between the ages of 6 and 
12 years required techniques of behavior modifica- 
tion, as motivations were more reward-oriented. 
The two preschool-age children (subjects D and G) 
were the most difficult to work with from a thera- 
peur iz standpoint. The case of subject D is of major 
inte-est in that she is the youngest subject (aged 3.5 
years» to have undergone cochlear implant surgery. 


Tais subject became suddenly and profoundly 
deaf around the time of her third birthday as a re- 
sult of meningitis. Within a month following the ill- 
ness, her speech began to deteriorate at an extreme- 
ly repid rate. She became completely unintelligible. 
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: Cothraa ‘has. noted that onset of deafness in 2arly 
childhood. has-profouiid consequences: “...tbe ef- 
fects of joria] exposure to auditory language for a 
period -of three years appear to become totally 
erased.” ? 364 She was fit with hearing aids and put 


` ina preschaal deaf classroom. This class advocated 


the. oral/aural method of communication, which 


_, relies heavily.on.usable residual hearing. As the sub- 
ia “ject was showing no progress, a program of manual 


communication was recommended by her szhool 
audiologist. The cochlear implant was considered 
as a last resort for providing an auditory feedback 
mechanism in an effort to facilitate the relearning 


of speech. 


The subject underwent surgery for a cochleer im- 
plant in April 1981. She began electrical stimula- 
tion the following June. The first week of electrical 
stimulation, the subject gave very inconsistent re- 
sponses to sound or even vibration. The stimulator 
unit was gradually set up to maximum voltage. Yet 
she showed no conscious awareness to sound either 
in a play activity or in a therapy/test situation. She 
did, however, respond consistently to sound while 
asleep with such responses as body reflexes, eye 
blinks, and even arousal. Her parents reported that 
she seemed to lipread them better. That is, they 
were repeating much less when conversing with 
her. j 


During the second week, the subject was using 
the implant six hours a day. At this point her voice 
became very quiet. The voltage of the unit was de- 
creased, and her voice became stronger. It wes also 
noted that with the implant activated her voice was 
less shrill or piercing. At this time we were able to 
elicit an awareness to sound during audiometric 
testing. She, likewise, started showing an awareness 
to loud sounds in the environment (eg, truck passing 


by). 


By the third week she was talking much more, 
even going up to strangers and talking. Her parents 
were understanding her a little more. This reduced 
some of her frustration in trying to communicate 
her needs. Other people were commenting on the 
improvement in her speech. She began responding 
to music on television by getting up and dancing to 
it. She started to imitate sounds by vocalizing in a 
similar rhythmic pattern. 


In the fourth week the subject was using the im- 
plant approximately seven hours per day. Ske was 
reciting the songs and nursery rhymes she used to 
know prior to becoming deaf. During this week we 
were able to determine auditory thresholds using 
techniques of behavioral conditioning. She was also 
able to differentiate between one and two sounds 
(nonsense syllables). Her awareness to sound in the 
environment continued to expand. At this point, 
however, her voice again became very quiez. The 
voltage of the unit was lowered. This brought the 


voice back up. The same phenomenon again oc- 
curred in the fifth week, so the voltage was again 
lowered, resulting in a return of the voice. 


By the sixth week, the subject was using the im- 
plant 10 to 11 hours a day. She was beginning to 
enunciate syllables in words, where prior to this the 
words were all slurred together. By this time she 
was responding to her name being called about 
70% of the time (primarily in a quiet environment). 


In summary, the case just reviewed is that of the 
youngest child to have received the cochlear im- 
plant. This child could not give us the information 
needed to know if the implant was set appropriately 
or even being activated as there was no immediate 
awareness to the sound. We were able to approx- 
imate unit settings based on her voice. With the unit 
set too low, her voice would go into a very high- 
pitched shrill tone when screaming to get attention. 
With the unit set too high, her voice would drop to 
almost nothing. Over time we were able to lower 
the unit setting more and more, as she seemed to 
become more sensitized to sound. 


The case of subject D is interesting in that her re- 
sponses have been atypical for an implant subject, 
adult or child. Specifically, she differs in the fact 
that she did not show an immediate awareness to 
sound. Several explanations are offered. One possi- 
bility is that she was perceiving the sound as tinni- 
tus, and was just ignoring it. Another explanation 
could be that having had normal hearing until re- 
cently, this sound was different and she could not 
immediately relate to it. A third possibility is that 
this is a result of the meningitis, and of such recent 
onset of hearing loss, for as disturbing as her initial 
responses to sound were to us, it was just as disturb- 
ing that she had such very inconsistent responses to 
vibration also, almost as if there had been an anes- 
thetizing effect on the system. Teachers of the deaf 
are continually baffled by meningitic children’s 
total lack of response. The fact that subject D is 
becoming more sensitized to sound (as evidenced by 
decreased unit settings and increased awareness) 
tends to lend some support to this possibility. 


In contrast to this, the other very young child, 
subject G, (aged 4 years) showed an immediate re- 
action to sound, yet could not be conditioned to it. 
Nor did she show any awareness for several weeks 
after acclimating to the sensation, even though 
there was a definite change in vocalization. A pos- 
sible explanation for this is that subject G, being 
congenitally deaf, may have received a sensation 
similar to that received initially by the adult con- 
genitals, that is, “dizziness,” bodily sensations, and 
feelings in the forehead. As the discomfort of these 
symptoms diminished with implant use, she might 
have become less consciously aware of the sensa- 
tion. Again, it must be repeated that very young 
deaf children often require a long trial with 
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acoustic stimulation before showing awareness to it. 
After about one month of consistent stimulation, 
subject G not only began to show a conscious 
awareness to sound in the test situation, but also 
started responding to sound from her hearing aid :n 
the other ear (for the first time). After five weeks, 
she could differentiate between four different 
sounds. 


Although reasons are only speculative as to both 
these subjects’ initial reactions, it should be brougnat 
to mind that the auditory neural system is still de- 
veloping at these ages in normal-hearing children. '* 
Time and experience with deaf subjects umder the 
age of five years should give us greater insight into 


what may be occurring to an auditory system just 
going -hrough the process of maturation. 


CONCLUSION 


Init.al results on 12 implanted children indicate 
that children receive sound field thresholds and 
timing/intensity information similar to: that re- 
ceived by adult implant subjects. All of the subjects 
but one are considered successful implant users, and 
use th= implant daily. To date, no measurable ad- 
verse effects have been observed. How the proces- 
sing o- auditory information provided by the coch- 
lear implant can influence speech and language de- 
velopment will become the main thrust of a long- 
term mvestigation. 
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OTOPATHOLOGICAL FINDINGS IN A PATIENT 
WITH BILATERAL COCHLEAR IMPLANTS 
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FRED H. LINTHICUM, JR, MD 


The death in 1976 of a patient who had a multiple-electrode cochlear implant in one cochlea and a single-electrode cochlear implant 
in the other provided a unique opportunity for both clinical and histological study of the effects of such implants in a human subject. The 
patient was 68 years old at the time of his death. In 196Ẹ, at the age of 61, and after 11 years of profound deafness, apparently as a result of 
lues, the patient was implanted on the left side with a 1ard-wired 5-wire multiple-electrode cochlear implant. Five years later, his right 
side was implanted with a single-electrode induction coil cochlear implant. Audiological and psychoacoustic studies were performed by a 
number of investigators. The results are reviewed. Following the patient’s death, his temporal bones were obtained and examined using 
microdissection techniques followed by serial sectioning. The histological findings are described. 


This paper presents the clinical findings and the 
postmortem labyrinthine pathology in a patient 
who had received bilateral cochlear implants. The 
temporal bones were examined by microdissection 
of the inner ear tissues followed by serial sectioning 
of the modiolus. It is the first complete report of 
labyrinthine pathology in such a patient. 


CLINICAL FINDINGS 
HISTORY 


The temporal bones were obtained at autopsy 
from a 68-year-old male who was first seem at the 
Otologic Medical Group in 1961. He is referred to 
as “CR” in House et al,' as “M” in Bilger et al,’ and 
by both initials in Johnsson et al.* The patient ex- 
perienced sudden profound deafness on the eft side 
18 years prior to death and a similar loss on the 
right side 3 years later. He complained of bilateral 
tinnitus and unsteadiness. 


By the time of death he had carried a single-elec- 
trode induction coil implant of platinum-iridium in 
the right ear for two years and a multiple (5) hard- 
wired silver electrode implant in the left ear for 
seven years. 


The patient had a history of luetic infection at the 
age of 18 and his VDRL test had remained »ositive 
despite a full course treatment with antibiotics. It 
was assumed that the patient’s deafness was related 
to vascular changes secondary to lues. 


In 1963, a myringotomy was made in the left ear 
and an electrode placed as close as possible to the 
round window membrane. Stimulation with square 
waves resulted in a sensation of sound when the fre- 
quency was below 50 Hz. Following this zest, six 
years elapsed before a permanent electrode system 
was developed. 


IMPLANTATION OF A MULTIPLE-ELECTRODE 
PROSTHESIS 

In September 1969 a 2'/,-hour procedure was 
performed for insertion of cochlear electrodes. The 
operative record reads as follows: 


Under general anesthesia supplemented by a local, a 
postauricular incision was made. The mastoid cortex and 
air cells were removed with a drill. The facial recess was 
opened. The stapes and the round window niche were vis- 
ualized through the facial recess. The round window niche 
was drilled off with a diamond stone to completely visu- 
alize the round window membrane. A metal stud was then 
placed in the mastoid process bone and attached to this 
was a button with five wire insertion sockets; these five 
wires were then let down to the round window and the 
electrodes were placed into the basal coil of the cochlea 
through the round window membrane. The incision was 
then closed with No. 2-0 gut... 


The five silver wire electrodes were inserted into 
the scala tympani so that the apical-most electrode 
was about 20 mm around the basal coil, with the 
other four electrodes spaced at approximately 4 mm 
intervals between the round window and the first 
electrode. The connecting button and its sockets 
were covered with a screw-on water-tight cap to 
prevent moisture from entering. 


By 1974, the button had begun to disintegrate 
with some possibility that the implant might fail. 
Therefore, a single-wire induction coil cochlear im- 
plant was considered for the patient’s right ear. 


IMPLANTATION OF A SINGLE-ELECTRODE PROSTHESIS 


Promontory testing with electrical stimulation in- 
dicated that the patient did have responses in his 
right ear. In October 1974 surgery was performed 
for placement of an induction coil implant. The 
operative record reads as follows: 


Under general anesthesia a postauricular incision was 
made and the position of the induction coil was located. A 
seat was made for the induction coil using a drill and tre- 
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phine. Mastoidectomy was done and the facial recess was 
opened. A round window niche was exposed and the edge 
of the round window drilled back to expose the round win- 
dow membrane. It was found then on placing the elec- 
trode coil and the electrodes and coil assembly that the 
place for the seat was too far from the round window and 
therefore a new seat was made for the induction coil. The 
induction coil was then placed in the seat and it was an- 
chored in place with a 4-0 Mersilene suture, tied to the 
bone, and the ground wire was placed in the attie; the ac- 
tive wire was then slipped into the cochlea, and the fascia 
was placed around the active electrode. The postauricular 
incision was closed with subcuticular 2-0 gut. . . 


In December 1974, the patient suffered a conges- 
tive heart failure. He had continuing, though inter- 
mittent, problems and in August 1976, at the age of 
68, he died. He had activated the implant in his left 
ear for a total of approximately 27 months of elec- 
trical stimulation, using the implant 6 to 8 hours a 
day, six days a week once a wearable stimulator was 
available. Due to his illness, fitting of a wearable 
stimulator for his right ear induction coil implant 
was delayed, and such a unit was worn off and on 
for only about three months of total time of usage. 
Unless otherwise stated, the audiological results 
presented are for the multiple-electrode implant. 


AUDIOLOGIC FINDINGS 


Hearing without a Prosthesis. Prior to implanta- 
tion in 1969, the patient demonstrated unaided 
pure tone responses in the right ear of 90 dB HL at 
500 Hz and 100 dB at 1000 Hz. Response in the left 
ear was found for 105 dB at 500 Hz. All other fre- 
quencies tested (250 to 4000 Hz) for both ears showed 
no response to the limit of the audiometer. There 
was no response to bone conduction and no under- 
standing of speech discrimination tests. 


Bilger et al ? tested this patient’s unaided auditory 
response again in 1975 as part of a study of im- 
planted patients by the Eye and Ear Hospital of 
Pittsburgh. They report no response for either ear at 
any frequency (125 to 4000 Hz) to full-range Bekesy 
audiometry for interrupted and continuous tones. 
Other tests using narrow-band noise indicated what 
were probably vibrotactile thresholds. 


Implant Activated. Until the end of 1970, this pa- 
tient was tested in the laboratory for the purpose of 
developing an external stimulator for the multiple- 
electrode implant. During these sessions it was 
found that applying a sine wave of one frequency to 
an electrode elicited a different hearing sensation 
than did another frequency applied to the same 
electrode. Similarly, if the same signal was applied 
singly into each of the five electrodes, the patient 
reported a different sound sensation at each one. 
However, before a wearable unit was developed the 
patient moved away from the city. Therefore, he 
did not have use of his cochlear implant until 1974 
when he returned and was fitted with a wearable 
external stimulator like that being used for single- 
electrode induction coil implants. It was modified 


LST OF ENVIRONMENTAL SOUNDS HEARD BY 


PATIENT 
Jigsaw Shopping carts 
Sander Organ and piano 
Cars Dishes and pans banging 
Truck. Voices (own and others) 
Motor=scles Cracking eggs 
Dog kak Children talking 


Lawrnaower (hand) Turning pages of newspapers and books 
Grancsen’s laugh Screen door closing 

Bell oa toy telephone “Riffle” of pieg cards 

Rubb-t duck squeak Voices on TV and radio 

Foots 29s Vacuum cleaner 

Crunehing of paper Hammer 

Cupl=ard door Shut Slamming doors 

Runnang water Rattling of silverware 

Cash registers 


to be used with his hard-wired system. Stimulation 
was accomplished by using the most apical and 
mos. basal electrodes as active and ground, thus 
producing a single-electrode type of functioning. 


T+ rehabilitation records at the House Ear Insti- 
tute. including daily diaries kept by the patient and 
rehcbilitation report forms filled out by the rehabil- 
itatcon audiologist, indicate that this patient could 
hea- a wide variety of environmental sounds with 
his raplant. The table presents a list of some of the 
souads the patient reported hearing. He reported 
knoswing the difference in whether a passing vehicle 
was a car, a truck, or a motorcycle. His wife re- 
pored he could distinguish music from speaking on 
the radio approximately 75% of the time. During 
auci-ory training, the patient could discriminate 
beteen /m/ and /b/ as presented in “man” and 
“ber.” 


‘+ November 1975, the patient reported that 
when he played the bass notes of the piano they 
“came in at different frequencies.” A final written 
repert from the patient in March 1976, five months 
be cre his death, indicated that his implant was still 
werking, apparently as well as previously. 


Utah Studies. After having worn his stimulator 
fo- several months, the patient participated in a co- 
operative program with the University of Utah, Di- 
vision of Artificial Organs. Results have been re- 
perted in Mladejovsky et al* and Eddington et al‘ 
ape are summarized below. Electrode impedances, 
elsetrical thresholds, and frequency and loudness 
d-serimination were explored for the multiple-elec- 
trode implant. 


Mean impedances for a biphasic pulsatile stimu- 
lus at each of the five electrodes varied from 5.6 kQ 
a electrode 5 (basal-most electrode) to 10 kQ at 
e ectrode 2. No significant day to day variations in 
impedances were observed. Amplitude thresholds in 
microamps peak-to-peak were also measured for 
each electrode. The mean threshold ranged from 
68.6 A for electrode 4 to 118 „A for electrode 3. 


Place and periodicity-pitch perception tasks were 
performed to determine to what extent these mech- 
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-anisms of pitch perception were provided by the 
-multiple-electrode implant. Place-pitch was ex- 
amined’ by stimulating two different electrodes in 
rapid succession and asking the patient to judge the 
relative pitch of the two sounds. The stimuli at both 
electrodes were identical, and a response was cor- 
rect if it matched the response expected based on 
_thétonotopic organization of the cochlea. The pitch 
produced at the most apical electrode was always 
perceived as lower than that produced at any of the 
other electrodes. Adjacent electrodes elicited the 
lowest percentage of correct responses, while those 
separated by two or more inactive electrodes were 
judged correctly 100 % of the time. 


Periodicity-pitch was also investigated. Two dif- 
ferent frequencies were presented in succession at 
one electrode and relative pitch judgments were re- 
ported. An attempt was made to determine the 
smallest change in stimulation frequency that the 
patient could reliably report as being in the same 
direction as the stimulus frequency change. An 
average frequency change of 25 Hz could reliably 
be detected, at all five electrodes, over the range 
from 25 to 400 Hz. Between 400 and 1000 Hz, stim- 
ulation did not result in perceivable differences in 
pitch. 


In addition to frequency discrimination, the min- 
imum change in current amplitude which resulted 
in a discernible change in loudness was investi- 
gated. For pulsatile and sinusoidal stimulation, the 
average minimum discernible changes were § and 
19 „A, respectively. 


The patient is reported to have been consistent in 
describing the pitch of the sound as “high” or “low” 
and the loudness as “loud” or “soft.” The sounds he 
heard seemed to be more complex than “pure” tones 
but had enough tonal quality to allow pitch eom- 
parison. 


Pittsburgh Studies. In late 1975 and early 1976, 
the University of Pittsburgh School of Medicine, 
through the Eye and Ear Hospital of Pittsburgh, 
evaluated the patient as part of a study of subjects 
with implanted auditory prostheses.? His left ear 
was tested using a stimulation pattern that pro- 
duced a “single-electrode” type of stimulation. Un- 
fortunately, the patient’s external stimulator failed 
before testing was completed. It is difficult to deter- 
mine from the published results which results may 
have been obtained with an adequately functioning 
unit and which were not. (Even those results ob- 
tained with a nonfunctioning unit were included in 
the tables). However, results can be found in which 
the patient’s scores were better than chance on at 
least some discrimination tasks. For example, he 
scored better than chance on a vowel-discrimina- 
tion task for discriminations of /a/ versus /i/, /e/, 
and /€/. He also could discriminate between a nar- 
row band of noise (259+50 Hz), an amplitude- 


modulated tone (250 modulated by 50 Hz), and a 
sine wave (250 Hz). His results on these tasks were 
similar to those of subjects using a single-electrode 
induction coil cochlear implant. Few other psycho- 
acoustic results were obtained on this patient. 


Upon the patient’s death, his temporal bones 
were obtained, fixed in buffered formalin, and 
hand-delivered to the histopathologist. 


HISTOLOGICAL FINDINGS 


It is absolutely essential that the temporal bones 
from all patients with cochlear implants be proper- 
ly examined postmortem. Such examination will 
provide useful information for improving both im- 
plant design and surgical techniques. Not only 
should the patient be persuaded to sign a temporal 
bone pledge, but the next-of-kin should be fully in- 
formed about the importance of this examination 
for otologic research and progress. 


Microdissection is employed in this study as a 
means for examining the temporal bones from these 
particular patients. Because the cochlea contains a 
hard implant the bones cannot be sectioned. Sec- 
tioning a celloidin-embedded specimen close to the 
implant and observing the implant through the 
translucent celloidin would be possible. It would, 
however, be necessary to remove the prosthesis to 
allow further sectioning and that would, in all 
probability, cause extensive damage to the cochlear 
structures, and the position of the implant in rela- 
tion to surrounding structures could no longer be 
determined. It would also be difficult to evaluate 
the tissue reaction around the implant. Further- 
more, the combination of studying the first order 
neuron in surface preparations of osseous spiral 
lamina as well as in celloidin sections of the modio- 
lus gives a much more reliable picture of the condi- 
tion and distribution of the remaining neurons than 
examination of sections alone. The microdissection 
technique also allows the usage of transmission and 
scanning electron microscopy, plus microanalysis of 
tissue with the electron probe. 


METHODS 


The external ear canal was removed and the middle ear was in- 
spected under the Zeiss operating microscope. Both windows 
were exposed. There was no active inflammation in either middle 
ear and no gross pathology was observed that would warrant 
discussion here. 


A complete microdissection of the labyrinth was performed ac- 
cording to the method that we and others have outlined else- 
where.’ ** The inner ear was stained with a perilymphatic per- 
fusion of a 1% solution of osmium tetroxide through the oval win- 
dow. Because the implants occupied the round window, a small 
hole was drilled in scala tympani in the basal turn as an outlet for 
the fluid. The otic capsule was reduced to a thin shell by means of 
dental burrs and then carefully removed. 


The microdissections were photographed under the Wild- 
Heerbrugg M-5 Stereo-microscope, with the specimen immersed 
in 70% alcohol. The membranous labyrinth was dissected into 
surface preparations and studied with the phase-contrast micro- 
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scope. Portions of the osseous spiral lamina from both ears were 
embedded in Araldite, and “thick” (c 1 m) cross sections were cut 
for examination in light microscopy and ultrathin sections were 
prepared for transmission electron microscopy. Portions of the 
osseous lamina were viewed with the scanning electron micro- 
scope. The sensory cell population in the vestibular organs was 
also evaluated with the scanning electron microscope. The ab- 
normal saccular otoconia were analyzed by powder x-ray diffrac- 
tion. The electron probe was used for identifying the presence of 
silver. After the dissection was completed the temporal bones 
were decalcified and the modiolus sectioned using conventional 
techniques for temporal bone histology. 


The cochlear nerve was dissected out from the internal meatus 
and embedded in paraffin. The sections were stained with hema- 
toxylin and eosin plus Holmes silver stain. Unfortunately, it was 
not possible to obtain good vertical sections of the merve samples 
available. The sections obtained showed nerve degeneration, but 
were in general not very informative. 


We recommend that in future specimens from implantation 
cases the cochlear nerve and the vestibular nerves as well be 
carefully dissected out in their entire length from the internal 
auditory canal. This requires time and care. The posterior wall of 
the canal should be drilled away and each nerve should be iden- 
tified with certainty and separated from the others. After this the 
nerves can be cut at the fundus of the internal meatus. The length 
of the nerve samples can be increased if at autopsy the eighth 
nerve is cut as close as possible to the brainstem. The nerves 
should then be stained with osmium tetroxide and embedced in 


Fig. 2. The left cochlea showing the distal 
end of the multipolar electrode entering the 
scala media and scala tympani (cf Fig. 1). 
There is a partial ossification of the aal liga: 
ment next to the exposed electrode (arrow). 
The proximal end of the electrodes surrounded 
by a cuff of connective tissue cut at the open- 
ing of the round window niche is seen at the 
right (I). There is a complete degeneration of 
Corti organ and of nerve fibers in osseous spir- 
al lamina. (OsO,) 






Fig. 1. Right cochlea showing single elec- 
trode entering scala media along bony wall c 
12 mm from opening of niche. Most*of the 
spiral ligament has been dissected away -ex- 
cept in upper basal turn, where.implant has 

ulled away the stria vascularis and the basi- 
iat membrane from the spiral ligament which 
is left in situ. A small hole cut in the ligament 
opens a view into scala tympani. Insért) 
Schematic drawing showing the position. of 
the implant as if seen in a cross section. Ar- 
row - Two patches of Corti organ with inner 
hair cells supplied by darkly stained bundles 
of nerve fibers. RW - Site of round window 
niche. The tip of the electrode cut at the 
former opening of the niche is seen. R - Rem- 
nants of Reissner membrane left in situ; 
BM - Basilar membrane covered only by a 
flat epithelium; L - Spiral limbus; OL - Os- 
seous spiral lamina, void of myelinated nerve 


A fibers. (OsO,) 


Araldi-e so that the long axis as well as the proximal and distal 
ends 0! the nerve fiber can be determined. From these blocks ver- 
tical sections can be cut for study by light as well as by electron 
microscopy. 





COCHLEAR PATHOLOGY 
STATE OF THE IMPLANTS 
The right ear had a single-electrode and the left 


ear < multipolar implant. Both round windows 
were well sealed by extensive formation of soft 
tissue around the implant in the niche. The im- 
plants were lying in scala tympani in the lower por- 
tion of the basal turn, but at the first curvature 
about 12 mm from the original opening of the niche 
and e 12-13 mm from the basal end of the cochlea 
each implant deviated from its intended spiral 
course in scala tympani (Figs. 1 and 2). They took a 
lateral direction toward the basilar membrane and 
the spiral ligament, following the bony wall closely, 
and entered the scala media. The right electrode 
(Fig. 1), which was inserted more deeply, was bent 
at zhat point and took a straight, more or less 
pos-erior course, mostly inside the cochlear duct, 
until it was stopped by coming into contact with the 
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Fig. 3. A) Right ear, view of scala tympani with several radiating venules descending along the bony wall toward the 
modiolus. The electrode is clearly seen bending along the bony wall toward scala media at the first curvature. The implant 
was cut just above the basilar membrane. Note th formation of loose connective tissue around the implant in the first cur- 
vature. Along the rest of its course the implant was surrounded by a dense but thin layer of connective tissue. No bone forma- 
tion is present. RW - Round window membrane. /.rrow - Opening of cochlear aqueduct. (OsO,) B) Detail of a celloidin sec- 
tion showing the connective tissue formation seer in A. It is sparse and poorly vascularized, but forms a dense sleeve of 
fibroblasts around the implant (I), which has beea removed. (H & E stain after initial OsO, staining, bright-field.) 


bony wall of scala vestibuli in the upper basal turn, 
c 17 mm from the basal end of the cochlea. The im- 
plant in the left ear (Fig. 2) was deflected less and 
did not reach as deep as on the right side. 


Both implants appeared otherwise intact. There 
was no visible erosion of their surfaces. The single 
electrode on the right side was surrounded by a thin 
irregular layer of soft tissue. The electrode cn the 
left side had a shiny brownish surface and the Pyre- 
ML varnish layer’ covering it seemed undamaged. 


RIGHT COCHLEA 


Implant-Related Pathology. There was relatively 
limited tissue reaction visible in the right ear, espe- 


Fig. 4. Right ear, the entire basilar mem- 
brane (BM) with osseous spiral lamina (OL) 
and the distal end of implant dissected out. 
Two stretches of Corti organ in the upper 
half of the basal turn and in the upper mid- 
dle and apical turns (insert), respectively, 
each with their separate bundles of nerve 
fibers. L - Limbus; SL - Spiral ligament; S - 
Site of atrophic stria vascularis; DR - 
Ductus reuniens. (OsO,) 


cially compared to the opposite side. No osteoneo- 
genesis was observed. In the scala tympani next to 
the implant and around it a thin layer of darkly 
stained loose irregular tissue was present. At the 
first curvature of the cochlea, there was a circum- 
scribed mass of loose tissue which in the stereo-mi- 
croscope had the appearance of an accumulation of 
cobweb or cotton (Fig. 3A). Some of the tissue in 
the scala tympani was adherent to the outer margin 
of the basilar membrane. 


Conventional sections of the dissected bone showed 
that the meshwork in the scala tympani was formed 
by poorly vascularized connective tissue. No lym- 
phocytes were present. There was a stromal con- 





OTOFATHOLOGY AND BILATERAL CI 79 





densation around the implant which was formed by 
a dense envelope of fibroblasts. It appeared that the 
tissue in the scala tympani was derived from the en- 
dosteum (Fig. 3B). 


It is remarkable that at the time of dissection the 
walls of the cochlear duct in spite of being displaced 
showed no obvious ruptures or defects. The part of 
the implant which had deviated from the seala tym- 
pani was lying within the displaced scala media 
(Fig. 1). The basilar membrane and Reissner mem- 
brane were intact. It appeared as if the stria vas- 
cularis had been pulled off the spiral ligament dur- 
ing implantation and had then been replaced by os- 
miophilic scar tissue which formed the outer wall of 
the displaced scala media in the upper basal turn. 


Reissner membrane was inserted at the upper 
margin of the strip of scar tissue which was adher- 
ent to the spiral ligament. The spiral ligament itself 
remained in normal position attached to the bony 
wall. Localized changes in the spiral ligament at 
this site of apparent maximal damage were remark- 
ably small. The spiral ligament was fibrotic and 
somewhat thicker than elsewhere. Radiating arter- 
ioles and capillaries were present, however, and no 
marked localized devascularization could be ob- 
served. 


In areas where Corti organ was absent the basilar 
membrane was transparent and covered orly witha 
flat epithelium of polygonal cells which almost in- 
variably pave the membrane after complete degen- 
eration (Figs. 4 and 5). In this instance, however, 
the cells in some areas were smaller, and more num- 
erous and osmiophilic than usual. The outer spiral 
vessel was interrupted for a long stretch where the 
implant had entered the scala media anc tapered 
off to form a pointed end (Fig. 5). Several vessels 





Fig. 5. Right ear, higher magnification of 
the aisslaase basilar membrane (see Fig. 1) 
showing the epithelium covering the basilar 
membrane. The T-junction 3 the outer 
spiral vessel (OSV) is seen to the right. The 
left hand arm was apparently interrupted 
during implantation and ends blindly. So 
does branch of the inner spiral vessel (ISV). 
OL - Osseous spiral lamina. (Phase- 
Contrast, OsO,) 


were seen crossing the basilar membrane toward 
the former site of the stria in the upper basal turn. 
Vessel: traversing the basilar membrane are not 
common’? and in this instance their presence prob- 
ably was the result of vasculoneogenesis. 


The shape and arrangement of the epithelial cells 
in Ressner membrane were more regular than 
usually seen in adults, with fewer spindle-shaped 
cells forming the characteristic “whorls” usually 
presere in the mature membrane. The membrane 
was cevered by numerous radially arranged mel- 
anocvtes: this has been observed in our material 
previously, and was presumably related to the fact 
that the patient had dark hair and brown eyes."' 


Sensrineural Degeneration. Widespread com- 
plete sensorineural degeneration was present along 
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Fie. 6. Right ear, higher magnification of the two 
patcl_es of Corti organ (OC) (see Figs. 1 and 4), each with 
their bundles of myelinated nerve fibers. OL - Osseous 
spira’ lamina; L - Spiral limbus. (OsO,, bright-field) 
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Fig. 7. Right ear, higher magnification of the upper 
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Fig. 8. Right ear, higher magnification of the very apical end in Fig. 3A 


half of the middle and the apical turn in Fig. 4 display- showing the arrangement of the few myelinated nerve fibers remaining in osseous 
ing two stretches of supporting cells and myelinated spiral lamina. Arrow pointing at the boundary between the osseous (upper) and 


nerve fibers. 


norosseous (lower) portion of the spiral lamina. BM - Basilar membrane: 


H - Helicotrema. (OsO,, bright-field) 


most of the cochlea. Two small islands of Corti 
organ were seen in the vicinity of the tip of the elec- 
trode c 20 mm from the basal end (Figs. 4 and 6). 
They were supplied by two narrow but relatively 
dense bundles of nerve fibers, 0.19 and 0.41 nm in 
width, respectively (as measured at the level of 
habenula perforata). The more apically located 
patch contained Deiters cells, pillar cells, and 12 in- 
ner hair cells. The other similar patch with fewer 
‘nerve fibers had only four inner hair cells. 


In the apical turn (Figs. 7 and 8) the dis-al 4.8 
mm of the basilar membrane was covered with sup- 
porting elements, with the exception of a small 0.5 
mm gap. Two dark, very narrow bundles of nerve 
fibers were going to each patch. In addition num- 
erous thin, lightly stained nerve fibers were seen in 
the apical end of the cochlea, corresponding to the 
longer stretch of supporting elements (Fig. $). 


The cochlea was 28.7 mm long. Since the entire 
spiral at one time must have been populated with 
nerve fibers and 1.11 mm of its length was still sup- 
plied with fairly dense bundles of nerve fibers at the 






Fig. 9. Right ear, semitangential cross 
section of the osseous spiral lamina, basal 
turn, including the limbus (L) showing @®@ <— 
the empty channels remaining after nerve ‘We? yy 
degeneration. Arrow pointing at thin ¢ 
dark strands probably representing rem- 
nants of a myelin sheath. 
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time of death, in addition to a thin network present 
in the apical turn, it appeared that c 4% of the 
original number of ganglion cells had distal pro- 
cesses and thus remained reasonably viable in this 
ear. (The “dendritic” fibers with their main portion 
located in the osseous spiral lamina will be referred 
to as distal processes and the “axonal” fibers with 
their main portion in the internal auditory canal as 
proximal processes.) 


The faint outlines of thin myelinated radial fibers 
in the osseous spiral lamina which were seen in all 
three turns in both specimens (Fig. 4) did not repre- 
sent nerve fibers. Cross sections of samples of the 
spiral lamina from the right ear studied in light and 
transmission electron microscopy revealed a series 
of holes enclosing only tiny dark strands of tissue 
which appeared to be remnants of the myelin 
sheaths of degenerated nerve fibers in their canals 
(Fig. 9). In a scanning electron micrograph of one 
of the samples a single nerve fiber taking a spiral 


course was seen. 
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Fig. 10. A) Right ear, horizontal midmodiolar section after dissection. The lower half of the basal turn is to the right, the 
upper half to the left. Several ganglion cells with their proximal processes seen above the fundus of the internal meatus; nerve 
has been evulsed. (OsO., H & E) B) Right ear, higher power magnificatier of the area corresponding to the upper half of the 


basal turn indicated by lines in A. 


These and subsequent photomicrographs of sections through the modwlus and the floor of scala tympani are printed so 
that their orientation is the same as that of the corresponding photomicrographs of the cochlear spiral. 


Horizontal sections (Fig. 10A, B) of the temporal 
bone showed two small clusters of ganglion cells in 
the apical and basal portion of the modicalus, re- 
spectively. The cells obviously corresponded to the 
sectors of the osseous lamina which had nerve fibers 
(Fig. 4). From the latter group of cells a small dark 
fascicle of distal processes could be observed in one 
of the slides, apparently going to one of the two 
nerve bundles seen in the upper basal turn. Numer- 
ous proximal processes were present in the base of 
the modiolus (Fig. 10A, B). 


Spiral Ligament and Stria Vascularis. Both of 
these structures, and especially the stria vascularis, 
showed severe atrophy. The atrophy was complete 
in the basal turn. In the middle and apical turns, 
five small islands of atrophic stria remained inter- 
spersed between areas of complete atrophy. The 
spiral ligament in the lower half of the basal turn 
showed an uneven, patchy atrophy, which we have 
not seen in our material before. 


LEFT COCHLEA 


Implant-Related Pathology. In this ear the multi- 
polar implant was completely buried in bone along 
its entire course in the scala tympani (Fig. 11A, B). 
The extensive formations of new bone occluded the 
scala in the lower half of the basal turn, covering 
the round window and the opening of the cochlear 
aqueduct. Large masses of the new bone were fused 
with the osseous spiral lamina. Grossly, the condi- 
tion was somewhat reminiscent of what is seen in 
temporal bones with bone formation in the scala 
tympani secondary to extensive capsular otosclero- 
sis.'? The implant was lying in a narrow tunnel in- 
side the new bone, surrounded by an irregular loose 
layer of connective tissue. Examination of conven- 
tional sections (Fig. 12A-C) showed that this was 


new immature trabecular bone in the scala tym- 
pani. Just apical to the area of ossification there was 
loose connective tissue, which was more or less 
identical with the connective tissue we observed in 
the scela tympani of the right ear, except that it 
contained a few small islands of new trabecular 
bone. Little or no bone formation was found in the 
connective tissue in the second and the third turns, 
where -he tissue layer was for the most part rela- 
tively thin, just covering the bony wall of the scala 
tympani. As in the opposite ear, no lymphocytic in- 
filtration was observed. Since the tissue formation 
in the middle and apical turn was separated from 
similar changes in the basal turn by an intact stretch 
of smooth bony wall apical to the tip of the implant 
(Fig. 114), it may well have been caused by factors 
unrelated to surgery. 


There was circumscribed ossification of the spiral 
ligament along the uncovered distal end of the elec- 
trode in the scala media and scala vestibuli (Fig. 2). 
In this rezion there was also a marked blackening of 
the spira! ligament. The discoloration was clearly 
seen through the translucent bone when some of the 
otic capsule was being removed prior to staining in 
the initial phase of preparation. This particular im- 
plant was made of silver, and despite its varnish 
covering it had caused local argyrosis. The presence 
of silver was confirmed using the electron probe. 
(Electrodes of silver were used only in the early 
multiple-electrode system. Since 1970, platinum or 
platinum-ir:dium has been used for all electrodes.) 


The tectorial membrane in the upper half of the 
basal turn was displaced from its normal position 
and was atrophic and shortened. It rested on the 
osseous spiral lamina, making two straight lines 
which converged at the basilar membrane forming 
an angle of approximately 90° at about 12 o’clock of 
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the cochlea. Such a severe displacement of the tec- 
torial membrane has not been observed in any of 
our specimens before, including the hydropic ones 
and the finding is therefore likely to be the result of 
surgical trauma. Furthermore, the tectcrial mem- 
brane was more or less abnormal along the entire 
length of the cochlea, being atrophic and folded 
upon itself. Whether these changes represented ex- 
tension of the surgical trauma or were secondary to 
the hydrops is not known. Because the implant in 
this ear was inserted less deeply than cm the right 
side, the initial damage to the spiral ligament and 
the basilar membrane appeared to have been less se- 
vere at the time of surgery than in the opposite ear 


(Fig. 2). 


General Pathology. Extensive hydrops labyrinthi 
was present in the left ear. Reissner membrane was 
bulging in a highly irregular fashion and was at- 
tached to the bony wall of the scala media in the 
lower basal turn where hydrops was most severe. 





Fig. 11. Left ear (see Fig. 2). A) Massive 
new bone formation around the implant 
during its course in scala tympani occluding 
the scala in the lower half of the basal turn 
where most of osseous spiral lamina (OL) 
was fused to the new bone. There is also con- 
nective tissue covering the floor of the scala 
in the middle and apical turn, which prob- 
ably was caused by factors unrelated to sur- 
gery. (OsO,, H & E) B) Multipolar electrode 
uncovered from bone. Implant was lying in a 
narrow tunnel inside the bone (arrows) sur- 
rounded by loose connective tissue. 


For the most part the epithelial cells were reminis- 
cent of the regular polygonal type seen in infants. 
This probably indicated new growth of the mem- 
brane in response to endolymph volume increase. 
About 5 mm from the basal end of the cochlea a 
small hole or fistula was found in Reissner mem- 
brane. One marginal defect of the epithelial cell 
layer plus several smaller ones in the middle of the 
membrane were also present in the basal turn. 
These changes of Reissner membrane were all attri- 
buted to the hydrops.'':'? Numerous vacuoles were 
also present. They have been observed before in as- 
sociation with both presbycusis and hydrops. Min- 
imal pigmentation of the membrane was present on 
this side. 


Sensorineural Degeneration. The degeneration in 
the left cochlea was even more severe than in the 
right ear, in that the organ of Corti was completely 
absent and no myelinated nerve fibers were seen in 
the osseous spiral lamina (Fig. 13A, B). Numerous 
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Fig. 12. Left ear, midmodiolar section, low- 

er half of the basal turn to the left and the up- 
p half to the right. A) A few scattered gang- 
ion cells remain at the base of the modiolus 
(oblique arrows). Note the new tissue forma- 
tion in scala tympani (vertical arrows) which 
in the middle and apical turn probably was 
unrelated to surgery. B) Higher magnification, 
in polarized light, of scala tympani in the 
lower half of the basal turn. Curved outline of 
the original wall to the left. Note formation of 
new, immature trabecular bone. C) Higher 
magnification of the upper half of the basal 
turn. Note the loose connective tissue, similar 
to that in Fig. 3B but with a few small islands 
of trabecular bone. (OsO,, H & E) 


spindle-shaped melanocytes arranged radially were electron microscopy revealed no nerve fibers. The 
seen in the apical turn. Cross sections of samples of spiral lamia was thinner than normal and con- 
the osseous spiral lamina studied in transmission tained no empty nerve channels as on the right side. 
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In this ear a typical midmodiolar section (Fig. 
12A) revealed only two single ganglion cells in the 
center of the modiolus plus a group of eight cells in 
its base. It is noteworthy that despite complete ab- 
sence of myelinated distal processes in oss2ous spiral 
lamina, several proximal processes were seen taking 
a course toward the remaining ganglion cells. In 
neither ear could it be determined whether the sur- 
viving ganglion cells represented the my2linated or 
the unmyelinated type. 


Spiral Ligament and Stria Vascularis. The strial 
atrophy was even more severe than in the opposite 
ear. Seven small, thin patches of stria remained in 
the middle and apical turns. The strial tissue pres- 
ent was clearly clustered around the branches com- 
ing from the radiating arterioles in the spiral liga- 
ment. Also in this ear there was unever atrophy of 
the spiral ligament in the basal turn. 





Fig. 13. Left ear. A) Basilar membrane 
and osseous spiral lamina dissected out (cf 
Fig. 4). No nerve fibers are seen. Darkly 
stained connective tissue from scala tympani 
is adherent to the undersurface of the 
lamina. No nerve fibers are seen. (OsO,) B) 
Higher magnification of the nonosseous por- 
tion of spiral lamina in the upper basal turn 
in A. Radial pattern of dark, smudgy lines 
suggesting the presence of myelinated nerve 
fibers represents remnants of degenerated 
myelin Tar, ISV - Inner spiral vessel; 
OSV - Outer spiral vessel beneath the basilar 
membrane. (OsO,, phase-contrast) 


BILATERAL VESTIBULAR PATHOLOGY 


The posterior membranous and bony canals in 
both ears were more or less completely scarred by 
connective tissue and occluded. They were in the 
process of becoming ossified. The walls of the mem- 
branous ampullae were thickened, and no hair cells 
were present on the crista in either ear (Fig. 14A, 


B). 


In the left hydropic ear the thin portion of the 
membranous wall of the saccule was partially col- 
lapsed and adherent to the otoconia. All hair cells 
had degenerated. The saccular otoconia were ab- 
normal (Fig. 15). They were analyzed using powder 
x-ray diffraction and scanning electron microscopy. 
They consisted of spheroid particles of apatite fused 
together into a rigid crust on the neuroepithelium. 
No separate otolithic membrane could be discerned." 
We have observed identical otoconia previously in 
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cases of hydrops or in association with ruptures or 
collapse of the membranous walls in she vestibular 
system.'* Abnormal otoconia will be described in 
detail elsewhere. Saccular otoconia were absent in 
the right ear, and no utricular otoconia were found 
in either ear. Degeneration of the nerve fibers to the 
saccule was very severe on both sides, notab_y in the 
left ear, but degeneration of the utricular fibers was 


Fig. 14. Left ear. A) View of the horizon- 
tal (H) and posterior (P) ampulla and canals. 
Note that the posterior canal is obliterated by 
connective tissue and partially unstained. 
OW - Oval window; I - Implant. (OsO,) B) 
Scanning electron micrograph of the left 
posterior ampullary crista showing the com- 
plete absence of hair cells. Insert) Higher 
magnification showing the epithelium cover- 
ing the crista. 


mild. In fact, on the right side an almost normal 
_tricular network was present. 


The degree of degeneration of the vestibular sys- 
ten in general was difficult to evaluate, due to poor 
p meservation of the neuroepithelium. From the left 
ear fairly good scanning electron micrographs were 
c tained from the utricle and the superior and hori- 
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zontal ampullary crista. Severe hair cell degenera- 
tion was present in both cristae (Fig. 16). The 
utricular macula showed a lesser degree of sensory 
cell degeneration than the cristae. 


DISCUSSION 


The anatomy and degeneration behavior of the 
cochlear neuron is reviewed in several works.'*?’ 
The secondary type of nerve degeneration is effec- 
tively delayed by the presence of the supporting 
cells and pillar cells.'*°'7?'???6 According to 
Spoendlin,’® injury to the unmyelinated portion of 
the nerve fibers inside Corti organ represents the 
crucial factor that initiates degeneration. There- 
fore, all implantation surgery should aim at pre- 
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Fig. 15. Macular organs from both ears. 
Saccular maculae above, utricular below. A, 
B) Left ear. C, D) Right ear. Wall of left sac- 
cule was collapsed, and most of the otoconia 
removed. Abnormal otoconia consisting of 
apatite remain along inferior margin. Note 
marked degeneration of saccular nerve net- 
work on both sides. Network of right utricle, 
photographed from the outside, is of almost 
normal density. SD - Saccular duct; DR - Duc- 
tus reuniens. (OsQ,) 


serving the remaining organ of Corti in the deaf ear 
as nearly as possible. Any disruption of the walls of 
the cochlear duct, notably the basilar membrane 
and Reissner membrane, will, in addition to mere 
mechanical damage, cause contamination of endo- 
lymph with perilymph which, in turn, is likely to 
cause further damage to Corti organ’**° and accel- 
erate the ongoing secondary nerve degeneration. In 
experimentally produced ruptures of Reissner mem- 
brane which, it should be noted, usually have been 
relatively small, damage to Corti organ is limited to 
the region of the rupture, and there is only limited 
longitudinal spread of the degeneration. One may 
hope that this also holds true for the human cochlea 
if a rupture should occur during implantation sur- 
gery. 





Fig. 16. A, B) Left ear. Scanning electron micrograph of the superior crista showing severe hair cell loss. 


OTCPATHOLOGY AND BILATERAL CI 87 


The cause of the bilateral sudden deafness in the 
present case remains obscure. The otic capsule ap- 
peared normal on both sides and there were no signs 
of luetic osteitis or fistula. The cochleosaccular hy- 
drops found in the left ear could perhaps have been 
related to the patient’s acquired lues but usually it is 
syphilis in its congenital form which causes hydrops 
and mimics Meniére’s disease.” Atrophy of the 
spiral ligament and stria was unusually severe, es- 
pecially in the basal turn, but such changes are 
commonly associated with aging and with many 
other forms of deafness'®*?"** and it is unclear to 
what extent implantation enhanced the pathology 
of these tissues. No severe regional or generalized 
loss of the vasculature was observed which would 
have indicated a blockage of a major coct lear vessel 
or its branches. Such occlusions would :n all like- 
lihood also have led during the patient’s many years 
of deafness to ossification of the cochlea unless a 
revascularization occurred soon after the vascular 
accident. Our observation in this case is in agree- 
ment with the results of Schuknecht and his asso- 
ciates.*> He reviewed his entire sudden deafness 
material and failed to find a clear-cut vascular 
cause for sudden auditory deficit. The severe coch- 
lear hydrops, the fistula of Reissner membrane, and 
the partial collapse of the saccular wall in the left 
ear suggests that the hydrops, and perhaps ruptures 
of Reissner membrane, may have played a role in 
causing the deafness in this ear. The connective tis- 
sue formed in the scala tympani of the middle and 
apical turn in the left ear was separatec from the 
new tissue formed around the implant by an intact 
stretch of bony wall (Fig. 11A) and may, therefore, 
have represented an incipient ossification of the 
apical portion of the cochlea, perhaps secondary to 
poor vascular supply.*! 


It may be misleading to compare the respective 
tissue responses to the two implants of different 
types because the one in the left ear was worn 
longer than the one in the right. Neither do we 
know if and how the hydrops and lues were related 
to the response. Nevertheless, it appears that the 
single induction coil on the right side was relatively 
well tolerated, while the multipolar device on the 
opposite side clearly was not. The thicx, uneven 
multipolar electrode probably caused considerable 
endosteal irritation or damage on this side resulting, 
as one would expect, in the extensive new bone for- 
mation in the scala tympani. Furthermore, circum- 
scribed ossification of the spiral ligament occurred 
at the tip of the electrode in the scala media and 
scala vestibuli (Figs. 2 and 11A). 


It is noteworthy that on the right side, where 
minimal adverse reaction to the electrode was visi- 
ble in the scala tympani, there was circamscribed 
formation of loose, darkly stained connective tissue 
located at the first curvature of the basal turn. The 
implant had probably scratched the endosteum in 


thac region during insertion. In the future new bone 
micht have grown at this site and invaded the web- 
like tissue. The tissue layer surrounding both im- 
pla xs was relatively thick. A thin layer of endosteal 
meabrane has been found around intralabyrin- 
thire tantalum wires in cats, but these prostheses 
were placed in the vestibule and the ears were 
studied 3 to 6 months after surgery so it is difficult 
to campare those findings with the present ones.*° 


Both implants deviated in a symmetrical fashion 
from their intended course c 12 mm from the round 
window and took an “uphill” direction along the 
curved bony wall of the scala tympani toward the 
bas lar membrane, finally bending posteriorly. This 
res. was clearly dictated by the geometry and 
shape of the basal turn. It is not clear whether such 
a de flection can be avoided with an electrode of this 
type and length. A continuous twist of the electrode 
mecially during insertion could possibly prevent the 
implant from taking a destructive course. More 
like 7, however, it will only shift the point of devia- 
tion slightly higher up, further increasing the risks 
of camage to surviving nerve fibers in the apical 
half of the cochlea (Figs. 1 and 2). From the oto- 
pathologist’s point of view it would not have been 
feasible to extract either one of the electrodes, had a 
reiraplantation been contemplated, without caus- 
ing wery severe damage to the cochlea and the re- 
mating nerve fibers. 


The walls of the cochlear duct apparently are ca- 
pab eof regrowth and repair processes, at least with 
time. Lawrence and Yantis*’ have described closure 
of r tures of Reissner membrane in guinea pigs. A 
simlar healing of Reissner membrane, the basilar 
merworane, and perhaps the spiral ligament, must 
hav>occurred in our case, where the damage to the 
cochlear duct at the time of surgery obviously was 
severe. The significance of the regular arrangement 
of the epithelial cells of infant type in Reissner 
menbrane of both ears is difficult to evaluate espe- 
cial'y in view of the cochlear hydrops on the left 
side The finding could possibly imply an increased 
growth of cells in Reissner membrane secondary to 
the mplantation. 


SLerter electrodes of 10 mm or less would prob- 
ably have created less damage and would perhaps 
have -esulted in little or no aggravation of nerve de- 
generation. Another alternative would have been to 
stop the insertion immediately when resistance was 
felt. Turthermore, the ball at the tip of the elec- 
trod may have provided less protection during the 
inse: fion than a bullet-shaped tip would have done. 


It 5 possible that the scala tympani of the lower 
half of the basal turn has a specific tendency to re- 
sporc to endosteal damage with formation of bone, 
whiel is not matched by the more apical portions of 
the ochlea. In otosclerosis the formation of new 
lamellar bone, presumably secondary to endosteal 
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o, is usually limited to the lower half of 

the basal: turn, even though other regions cf the 
cochlea also are involved.’? The same may be true 
concerning: surgical insults of the cochlea. 


- The cochlear disorders in this patient pro ably 
“were responsible for most of the severe sensorineu- 
ral degeneration observed. This must have been the 
_ case. at least in the left ear, which had no hearing 
for -alitiost two decades. The specimen did, how- 
ever, show more severe neural degeneration than 
we usually find in specimens representing long-term 
deafness, including those with hydrops. In view of 
this finding, plus the fact that the cochlear duct in 
all likelihood was ruptured on both sides curing 
surgery, it is probable that the implant furth2r ag- 
gravated the ongoing sensorineural degeneration.’*-*° 


Judging from the present case and other types of 
deafness represented in our material, the secondary 
nerve degeneration began or at least initially was 
most severe in the distal end of the peripheral pro- 
cess and then proceeded centripetally in osseous 
spiral lamina, leaving only a few ganglion cells and 
their proximal processes remaining in the modiolus 
and the internal auditory canal. This is in agree- 
ment with our own and other investigators’ >bser- 
vations of the degeneration pattern. Liberman and 
Kiang” have shown in experimental animak that 
such nerve fibers without distal processes can still be 
electrically excitable. 


An unexpected finding in both ears, from é func- 
tional point of view, was the complete destruction 
of the posterior ampulla and canal. This is presum- 
ably the result of the close proximity of the implant 
to these structures. Similar changes have not been 
observed in our material before or in the large tem- 
poral bone collection of HF Schuknecht (personal 
communication). The shortest distance between the 
wall of the round window niche and the ampulla 
was measured in the specimens and found to bec 1 
mm. 


The sensorineural degeneration of the vestibular 
system in general was severe in both ears, especially 
on the left hydropic side. This is in agreemer-t with 
clinical observations. Electronystagmography dem- 
onstrated decreased vestibular response in most of 
the implanted patients both before and aftər sur- 
gery.” It was assumed that the disorders or factors 
causing deafness also affected the vestibular system. 
Again it is impossible to say whether or to wnat ex- 
tent the vestibular degeneration in the present case 
was accelerated by the implantation. 


Apparently the patient had some benefit from 
both implants. This raises the questions of whether 
just a few ganglion cells and their proximal pro- 
cesses, or perhaps just nearby tissues anc tissue 


fluids, could conduct stimuli to the auditory centers 
in the brainstem. It seems possible that this indeed 
is what occurred in the present case. This hypothesis 
would also explain the lack of deterioration of hear- 
ing thresholds in patients with long-term implants.*° 


The patient was reported to have had some de- 
gree of crude pitch discrimination for frequencies of 
50 to 800 Hz when direct electrical stimulation was 
applied to the multipolar electrodes on the left 
side.* Considering the extreme sparsity of neural 
elements in this ear, this finding is difficult to 
understand. It is not known whether the radially 
running nerve canals in osseous spiral lamina can 
act as spatially arranged preferential current path- 
ways to the modiolus.*' As the nerves degenerate the 
canals contain remnants of myelin sheaths and in all 
likelihood become filled with perilymph. In any 
case, the osseous spiral lamina in the left ear was 
thin and atrophic and most of the canals had disap- 
peared. 


SUMMARY 


A patient with bilateral cochlear implants died in 
1976. He had carried a single-electrode induction 
coil system in the right ear for two years and a 
multiple-electrode hard-wired system in the left ear 
for seven years. Both implants were functional at 
the time of death. 


Both implants were found to have deviated in a 
more or less symmetrical fashion away from the 
scala tympani and to have entered the scala media c 
13 mm from the basal end of the cochlea. In the 
right ear, the cochlear duct in the upper half of the 
basal turn was displaced by the implant, but there 
was only minimal formation of connective tissue in 
the scala tympani. No osteoneogenesis was ob- 
served. Two islands of Corti organ remained in the 
right ear in the upper end of the basal turn and in 
the apical turn, respectively. Each was supplied by 
several bundles of nerve fibers in the osseous spiral. 
lamina. 


In contrast to the right ear with a single-electrode 
implant, the multiple-electrode implant in the left 
ear was completely buried in bone along its entire 
course in the scala tympani. In this ear, which had 
cochlear hydrops, no nerve fibers were present in 
the osseous spiral lamina. 


There was a severe to subtotal reduction of gang- 
lion cells in both ears, the degeneration of this distal 
process being more severe than that of the proximal 
processes. In spite of the severe degeneration pres- 
ent, the implants continued to function. It appears 
that the single-electrode induction coil implant on 
the right was relatively well tolerated, while the 
multiple-electrode on the left was not. 
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> RISK VERSUS BENEFIT IN COCHLEAR IMPLANTATION 


KAREN I. BERLINER, PhD 


Oe as The impact of deafness and the potential risks and benefits of cochlear implantation are discussed, both for adults and for children. 
.-Experience with the House single-electrode cochlear implant in humans is now considerable and provides a clinical basis for evaluating 
risks and benefits. From the evidence to date, it is concluded that the implant does not pose a serious risk to the health, safety, or welfare of 


the patient and that the benefits to be gained by the patient can be considerable. 


Many have asked whether the cochlear implant 
provides enough benefit to warrant performing a 
surgical procedure. To answer such a question, one 
must examine the impact of deafness, the potential 
risks associated with the implant, adverse effects to 
date, and the available alternatives, as well as the 
benefit to be expected. Experience with the House 
single-electrode cochlear implant in human subjects 
is now considerable and provides a clinical basis for 
evaluating risks and benefits. A large number of pa- 
tients have been assessed medically, audiologically, 
and psychologically. Detailed discussions of these 
assessments can be found elsewhere in this supple- 
ment, but an attempt is made here to integrate the 
available information into a more global evaluation 
of the risks and benefits of cochlear implantation in 
humans. 


COCHLEAR IMPLANTATION IN ADULTS 


IMPACT OF DEAFNESS 


To understand the need for an auditory prosthesis 
such as the cochlear implant, one must first consider 
the impact of deafness. Loss of hearing is the nation’s 
number I health problem in incidence. One out of 
every 10 or 15 persons is affected to some degree. 
One out of nearly 100 has extreme difficulty vnder- 
standing speech. Hundreds of thousands are deaf; 
each year, thousands more are born deaf or will ac- 
quire the impairment. A study in 1969' by the Na- 
tional Advisory Neurologic Diseases and Stroke 
Council of the National Institute of Neurological 
Diseases and Stroke estimated the total direct annual 
cost to the nation for the education, health care, and 
compensation of deaf or hearing-impaired peaple to 
be $410,115,000. The estimated proportion of those 
costs for the deaf was $100,000,000. Assuming vearly 
inflation of at least 6%, this amount would be more 
than doubled today. Indirect costs have been estim- 
ated at 2 to 3 times the direct cost. Clearly, deafness 
has a major financial impact on the nation. 


The impact of deafness on the individual must be 
viewed in light of the functions that hearing nor- 
mally serves. It is one of our two distance s2nses. 
The other, vision, is directional and can focus only 
on that area immediately in front of the indiv_dual. 
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Audition, however, encompasses all directions sim- 
ultaneously, persists even during sleep, and keeps 
the individual in continual contact with the envir- 
onment. Sound is nature’s surest sign of activity. 
Myklebust? goes so far as to state that it is difficult 
to conceive of an organism attaining the level of 
function found in humans without a sense which 
provides constant environmental contact. The evo- 
lutionary importance of hearing is illustrated by the 
fact that auditory contact with the environment 
begins prenatally, maybe as early as the third or 
fourth fetal month, and the cochlea is adult size at 
birth. 


As hearing individuals, most of us typically have 
never given much thought to the functions that au- 
dition serves. Language/communication, the sym- 
bolic function of hearing, is perhaps the most recog- 
nized. Little need be said about the importance of 
this function to humankind as well as to the indi- 
vidual. Almost universally, languages have devel- 
oped that depend on auditory reception. This is 
clearly the most effective means of communication, 
and only in more recent history has this auditory- 
based communication system been available to the 
visual modality through the development of writ- 
ing. | Ds 


In daily life, sound is the primary source of infor- 
mation regarding events that are occurring in the 
environment. We are usually first alerted to an 
event through hearing, and only then do we visually 
search to “see” what is happening. Hearing is vitally 
important to competent interaction with the envir- 
onment. This crucial function, hearing environ- 
mental sounds which signal events, has too often 
been underestimated in its importance. 


In addition to serving as a direct signal of events 
in the environment; sound also serves as a back- 
ground to daily living and helps maintain a feeling 
of being part of a living world. Background noise 
provides a sense of security and reassurance. Most 
warning signals are auditory: for example, fire 
alarms, sirens, the shouted warning, the sound of a 
fast-approaching vehicle, and so on. In fact, the 
deaf individual would seem to be at some risk to 
safety by virtue of not being able to hear. 
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There are two general categories of deaf individ- 
uals, those born deaf or who have lost their hearing 
prior to language acquisition (prelinzual), and 
those who became deaf after acquiring language or 
later in life (postlingual). 


The postlingually deafened acutely fed the loss of 
environmental and speech sounds. They had learned, 
as all hearing individuals do, to depend heavily on 
audition for information about what was hap- 
pening in the world around them. This loss often 
produces feelings of isolation and depression, as 
well as a lessening of competence in dealing with 
the environment. The postlingually deafened may 
lose their jobs when they lose their hearing, or be 
restricted to only certain types of employment. Ina- 
bility to use the telephone is a particular vocational 
handicap. 


Communication becomes difficult. Although a 
few deaf individuals can speechread (lipread) suc- 
cessfully, only a small portion (less than 49 %) of the 
speech signal is visible on the lips, and most people 
cannot easily communicate solely by this means. It 
requires great concentration on the part bf the deaf 
person and patience and repetition on the part of 
the speaker. A group of speakers is almost impossi- 
ble to speechread adequately. Therefore, deafness 
often has a profound impact on the social and inter- 
personal aspects of life. Both quality and quantity 
of interactions with others are diminished. 


The prelingually deaf have extreme d:fficulty in 
achieving oral language skills, and this communica- 
tion deficit is probably the major consequence of 
their deafness. Because they may find communicat- 
ing difficult, because they may not respond to safety 
signals, because they cannot work with equipment 
based on the auditory sense (eg, telephone), and 
because they may not speak intelligibly, “he prelin- 
gually deaf have a difficult time finding employ- 
ment. 


Deafness from an early age is also associated with 
serious reading problems. The 1969 Annual Survey 
of Hearing Impaired Children and Youth: indicated 
that by 15'/,-16'/. years of age the mean reading 
achievement grade equivalent is 3.5. Many deaf 
adults never achieve more than a third or fourth 
grade reading level. This has severe implications for 
academic achievement, and its effects are life-long. 


In all, the impact of deafness on an individual is 
great, in many cases extreme, leaving that individ- 
ual isolated, at risk to physical safety, less compe- 
tent in interacting with the environment in daily 
life and vocationally, and in many ways diminished 
in quality of life. 


RISK ANALYSIS 


The risks associated with the cochlear implant 
device fall into three basic categories: 1) risks of 
mastoid surgery, 2) risks of the implantation of elec- 


traces and induction coil, and 3) risks of stimulation 
of he auditory system by electric currents. A Sad 


sks of Mastoid Surgery. The surgical approach 
for the cochlear implant is essentially a mastoid 
operation and involves the same risks as that com- 
mar otologic procedure: infection, facial paralysis, 
flue drainage resulting in meningitis, and anes- 
thetic risks. These are all remote risks and have not 
occurred to a significant degree in any of the pa- 
tiem's implanted to date. 


Risks of Implantation of Electrodes and Induc- 
tioa Coil. Conceivable risks associated with the im- 
plamtation of electrodes and induction coil fall into 
twe general categories: biocompatibility and surgi- 
cal trauma to cochlear structures. 


EIDCOMPATIBILITY. The materials currently used 
for tae cochlear implant have a long history of bio- 
corapatibility. There have been no “rejections” of 
the mternal coil, nor any evidence of production of 
tox.c substances from wire electrolysis. Electron mi- 
croseopic studies of electrodes implanted and used 
in Fuman subjects, then removed, show no evidence 
of | weakdown of insulation or wire.” 


S JRCICAL TRAUMA. Does insertion of the electrode 
intc -he cochlea cause damage to the cochlear struc- 
tures or nerve elements? Most of the evidence on 
this question comes from animal studies, and these 
have indicated good tolerance for insertion and 
pre-ence of electrodes in the cochlea.* Histological 
stucs on one deceased implant patient also indi- 
cate minimal adverse reaction to the insertion and 
pre.ence of the single-electrode cochlear implant.°” 
Bilger et alë studied patients using a cochlear im- 
plam and from audiological assessment of each pa- 
tients implanted and unimplanted ears, concluded 
tha’ che single-wire electrode has little deleterious 
effex on hearing in the implanted ear. 


A though there is potentially a risk that insertion 
of tas electrode might scratch the endosteum and 
stimulate new bone growth, electrodes have been 
successfully removed and replaced in eight cases. 
Apparently no obliterating bone growth had oc- 
curred. One subject has had removal and replace- 
ment of electrodes twice with no evidence of bone 
obli eration. Should bone growth in the scala occur, 
it would probably make replacement of a nonfunc- 
tion eg implant more difficult. 


Aa mal studies indicate that cochlear damage, 
should it occur, will produce degeneration of sen- 
sory end neural elements in a normal ear. This risk, 
how=ver, must be viewed in light of the fact that 
ears suitable for cochlear implantation have already 
undergone severe degeneration of these elements as 
a ccamsequence of the etiology of deafness. Those 
nerve fibers surviving are probably among the 
harciest and may therefore be more resistant to fur- 
ther trauma. 
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_ In summary, both animal and long-term human 
_ studies (ten years in one subject) would seem to in- 
‘dicate that- the risks due to implantation of elec- 
trodes and induction coil are minimal. This is par- 
ticularly so. when the status of the ear prior to im- 
plantation is considered, ie, profound deafness. 


Risks of Electrical Stimulation. The long-term 
risks of electrical stimulation must still be classified 
as only partially documented. However, convincing 
evidence has been obtained that electrical stimula- 
tion does not pose a serious risk to the health, safety, 
or welfare of the patient using a cochlear implant. 


When considering the safe limits of electrical 
stimulation at the cochlea, two major issues must be 
examined. First, what is an acceptable waveform? 
Second, what stimulus levels will effect electrode 
breakdown, ie, platinum dissolution, or electroly- 
sis, which may destroy tissue at the electrode-tissue 
interface? 


Acceptable stimulus waveforms for direct neural 
stimulation have been studied extensively. It is well 
known that direct current (DC) will destroy nerve 
tissue.’ The literature reveals that stimuli such as 
monopolar pulses introduced directly without capa- 
citor or transformer coupling will introduce a net 
DC charge which produces neural damage. Bal- 
anced bipolar pulses and sinusoids do not yield a 
significant net DC and, therefore, are the stimuli of 
choice in neurological stimulation studies The 
cochlear implant stimulator operates by amplitude- 
modulating a 16 kHz sinusoid and then transformer 
(magnetic induction)-coupling the pulsed sinusoid 
to the implanted electrodes. This system is optimal 
since even in direct stimulation the pulsed sinusoid 
produces no net DC and, further, transformer- 
coupled signals do not have a DC component. 


The present standard of safety for platinum (Pt) 
electrodes is based on the work of Brummer and 
Turner’? and Brummer and McHardy.'"' Their work 
indicates that during biphasic pulsing, charzes up 
to +/— 400 »C/cm? can be used without gas for- 
mation at the electrode tissue interface. More con- 
servatively, Walsh et al'?'* have shown that no 
measurable histological changes are seen in inner 
ear structures if stimulation is limited to 40 
uC/cm?/phase or less. The Pt electrodes used in the 
House cochlear implant system consist of a 0.5 mm 
diameter ball on the tip of a 0.2 mm diameter wire 
exposed Over 15 mm in the active electrode ard over 
53 mm in the ground. For the active electroce, this 
computes to a geometric surface area of about 0.1 
cm? or an estimated real area of 0.14 cm’. Direct 
electrical measurements from a hard-wired coch- 
lear implant patient, as well as calculated measure- 
ments from six additional implant patients, have 
shown that the levels at which patients report un- 
comfortably loud sensations are less than about 
1000 „A rms. Over the range of audio frequencies of 


interest, this measured stimulation current equates 
to electrode current densities of less than 0.21 
uC/cm?/phase, roughly two orders of magnitude 
less than the limit based on the work of Walsh et al. 


It has been shown by Leake-Jones et al’* that us- 
ing bipolar intracochlear electrodes and biphasic 
pulsatile stimuli (100/200 yS/phase) at current 
levels from 4 to 8 mA produced significant cochlear 
and auditory neuron degeneration in cats. It is im- 
portant to note, however, that these current levels 
applied through the small-area bipolar electrodes 
resulted in charge densities much greater than those 
which are delivered to patients wearing the House 
cochlear implant system. A more representative 
series of experiments performed on monkeys has 
been reported.'® Behaviorally verified operating 
ranges of intracochlear and extracochlear electrode 
systems for pulsatile and sinusoidal stimuli were 
studied with subsequent histological analysis.'® It 
was found that thresholds for sinusoids were ob- 
tained at current levels approximately 0.5 dB lower 
than for pulses, a finding that supports the use of a 
sinusoidally based system. It was also noted that at 
low frequencies maximum acceptable stimulus cur- 
rents were determined by the theoretical electrolysis 
limits of Brummer and Turner; at middle and high 
frequencies limits are psychophysical, a finding 
favoring a high frequency carrier system. It was 
also found that either widely spaced intracochlear 
electrodes or, optimally, an intracochlear electrode 
paired with an extracochlear electrode required the 
lowest stimulus currents to achieve threshold. Since 
it is clear that the extent of neural damage is di- 
rectly related to the current densities required for 
stimulation, these data argue that an electrode con- 
figuration similar to that used in the House im- 
plant, ie, an intracochlear active electrode with a 
large surface area, and an extracochlear ground 
electrode is the safest. The findings of Clopton et 
al'® have been verified in our laboratory for a 
human subject using a hard-wired multiple-elec- 
trode system containing both intracochlear and ex- 
tracochlear electrodes. 


One of the most important findings in the mon- 
key studies was the relationship between both be- 
havioral and objective electrical thresholds and the 
population of surviving neural and cochlear ele- 
ments:'° 


Animals with relatively little damage to the organ of 
Corti and a high percentage of surviving myelinated nerve 
fibers and spiral ganglion cells show low thresholds and 
large dynamic ranges. Animals with extensive damage to 
the organ of Corti and degeneration of myelinated nerve 
fibers and spiral ganglion cells show relatively elevated 
thresholds and much smaller dynamic ranges. 


The relationship between the behavioral or 
evoked potential thresholds and the underlying 
physiological condition has also been reported by 
Walsh et al'? and Leake-Jones et al.'* Based on the 
above research, it is reasonable to evaluate the safe- 
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ty, with respect to long-term auditory nerve sur- 
vival, of a specific cochlear implant system by mon- 
itoring thresholds over time. This is beimg done in 
all of the patients implanted with the House system, 
and to date there has been no significant change in 
thresholds over time.” 


At this point, the House Ear Institute (HEI) has 
had considerable experience with human implanted 
subjects. As of November 1, 1981, 199 pa-ients have 
received the single-electrode cochlear implant. In 
total, these patients have had approximately 
800,000 hours of electrical stimulation. This is ap- 
proximately 160 “person-years” of use of the im- 
plant for a 14-hour waking day. One patient has 
had electrical stimulation for ten years, with daily 
use for almost nine years — about 45,000 hours of 
electrical stimulation. Eight patients nave each 
used the implant daily for seven or more years. 
More than 50 patients have used the implant for a 
year or more. There has been no deterioration over 
time in audiological performance or electrical 
thresholds. Psychological and neuropsychological 
assessments show no evidence of organic brain dam- 
age or other psychological problems. Stucies at HEI 
have shown that the electric current does not even 
seem to spread to or affect the vestibular system'* or 
the facial nerve. 


Thus, other than animal studies specifically 
aimed at finding what current level will in fact pro- 
duce damage, the evidence is great tha: for those 
levels being used in the cochlear implant prosthesis, 
the patient is at minimal risk. 


Finally, the risk of producing further damage to 
the auditory system must be weighed egainst the 
fact that the auditory system already has a pro- 
found loss (almost 50% of House’s implant patients 
had no response audiometrically to the lmit of the 
audiometer for any of the speech frequencies, well 
beyond the definition of a profound hearing loss). 


Other Risks. Other conceivable risks ef cochlear 
implantation might be an increase in otologic symp- 
toms such as tinnitus or dizziness. Although tempo- 
rary changes in these symptoms often occur follow- 
ing an otologic surgery, there has been no perma- 
nent increase in such symptoms as a result of the 
cochlear implant. It has also been speculated that 
the electrode transversing the middle ear area and 
entering the cochlea might provide a potential 
pathway for the spread of otitis media to the inner 
ear fluids. One implanted patient did, in fact, ex- 
perience an otitis media which was s.ccessfully 
treated with antibiotics and resolved with no mea- 
surable sequelae. 


ADVERSE EFFECTS TO DATE 


Sixteen patients have experienced an implanted 
coil device failure. Eleven of the 16 have had revi- 
sion surgery under a local anesthetic and now have 


functioning implants. Five patients still do not have 
working internal devices. However, besides the fact 
of ‘be device failure itself, there have been no -~ 
observed adverse effects in these 16 patients. | 


There has been one report by an investigator of 
the removal of the internal device as a precau- 
tionary measure after a patient developed a cere- 
bro -pinal fluid fistula following surgery. There 
hav= been no continuing effects nor any continued 
fluid leakage in this patient. The investigator felt 
tha’ due to the patient’s history of syphilis she may 
hav= had abnormal patency of the cochlear aque- 
duc-. Three investigators have reported one case 
eaca of an internal coil extruding through the skin 
at er near the incision. All cases were remedied 
satisfactorily. 


There have been no other reports of postoperative 
pro >tems, no surgical complications, no infections, 
no meningitis, and in general no occurrence of any 
of tae potential risks of the surgical procedure. 


‘Lhere have also been no measurable adverse ef- 
fects in patients after beginning use of electrical 
stimnlation. Patients do occasionally report exper- 
iene ing uncomfortably loud sounds, but even this is 
rare since the stimulator units are set to cut off 
befere the patient’s uncomfortable loudness level is 
reached. A few patients have reported episodes of 
sligat soreness in the area around the implanted 
coil This typically is a result of the fit of the 
patent's glasses and is easily corrected. A few pa- 
tients have also reported an isolated and brief epi- 
sode of increased tinnitus. However, tinnitus has 
not been produced in any patient who did not have 
it p-r to implant, and occasional worsening of this 
symptom is not uncommon even in unimplanted 
dea= patients. Actually, a large number of patients 
report reduced tinnitus with use of the implant. 


Ia conclusion, there have been few observed or 
reported adverse effects in patients using the House 
single-electrode cochlear implant. 


AVAILABLE ALTERNATIVES 


A major consideration in deciding whether a pa- 
tient should undergo a surgical procedure is whe- 
ther an alternative, noninvasive treatment is avail- 
able. The two primary alternative prostheses for the 
dea: are hearing aids and vibrotactile devices. 


Many patients with the level of loss that would be 
considered appropriate for an implant will not or 
cant wear a conventional aid. They may have lit- 
tle er no tolerance for the vibrotactile sensations ac- 
con panying use of the aid. They may experience in- 
crecses in tinnitus or vertigo. They may have a tem- 
porary threshold shift, with the aid activated, that 
leacs to loss of any sensation after a short time 
perd. Or they may require a greater power input 
thaa could be in their best interests. The level of 
amalification required is such that it may actually 
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produce further damage to the auditory system. '?”° 
Additionally, many of those who have tried amplifi- 
cation simply do not find it of enough subjective 
benefit that they are willing to wear it. Yet many of 
these same individuals will wear the cochlear im- 
plant in spite of its greater size. 


: The data at HEI have shown performance on 
many auditory discrimination tasks is statistically 
significantly better with the single-electrode cochlear 
implant than with a conventional hearing aid.!”??!”? 
Qualitative differences in performance that indicate 
greater benefit from an implant have also been 
noted. 


The other alternative, often touted as a potential 
prosthesis for the deaf, is a device that uses tactile 
stimulation to provide information about auditory 
events. Although research on vibrotactile devices 
has been in progress for decades, no sophisticated 
wearable prosthesis is available. Furthermcre, a 
vibrotactile device does not produce a sensation of 
hearing, which is what the postlingually deafened 
so desperately desire. Even if a vibrotactile device 
could transmit as much information as the cochlear 
implant, it might not fully serve the needs of the 
profoundly deaf patient. Many patients have ob- 
jected to a hearing aid because it seemed to provide 
only tactile, and not auditory, information. A small 
number of patients who were prospective candi- 
dates for the implant have tried a vibrotactile de- 
vice, with training, at HEI. None of these patients 
chose to continue using such a prosthesis, even 
though they did not all receive the implant either. 


In general, then, there has been no other satisfac- 
tory form of treatment for those selected profoundly 
deaf individuals who would be accepted for the 
cochlear implant investigation. 


EXPECTED BENEFIT 


It is not an easy task to determine how a cochlear 
implant affects the quality of life of a profoundly 
deaf individual. There is certainly no argument that 
the current generation of cochlear prostheses does 
not restore normal hearing. However, there is a 
wide range of levels of hearing between normal and 
no hearing, and a wide variety of potential benefits, 
from restoration of speech discrimination (which is 
not yet possible) to a decrease in the feelings of 
isolation that haunt the profoundly deaf. Detailed 
discussions of audiological and psychological results 
can be found elsewhere in this supplement, but will 
be reviewed briefly here. 


Auditory warble tone thresholds can be obtained 
across the frequency range tested, 125-800) Hz. 
With the stimulator unit set at the most comfortable 
level for speech, thresholds range approximately 
from 40 to 70 dB SPL at all frequencies, with means 
at 55 to 60 dB SPL. Thus, implant patients can hear 
some soft and most medium and loud sounds that 


occur in the environment (eg, normal conversa- 
tional speech occurs at about 70 dB SPL). Patients 
can also score significantly above chance on a num- 
ber of closed-set auditory discrimination tasks that 
include speech and environmental sounds stimuli. 


The implant provides normal or near normal in- 
tensity and durational difference limens. That is, 
patients can tell differences in intensity and timing 
very well. Frequency discrimination is good for low 
frequencies, below about 500 Hz, but poor at 
higher frequencies. Patients cannot understand 
speech with the implant alone, but those aspects of 
speech based on intensity and timing are accessible 
to the implant user — stress patterns, rhythm, sylla- 
bication, and so on. These are referred to as the pro- 
sodic elements of speech. 


Subjects report hearing a wide variety of sounds 
in their daily environment. Most subjects can dis- 
tinguish between voices and other sounds and be- 
tween male and female voices. They can hear their 
own voices and this allows better control of volume, 
intonation, and other aspects of voice production. 
Some indicate that they can recognize the voices of 
highly familiar persons. The hearing of voices helps 
them tremendously in social situations by both 
aiding speechreading and by eliminating embar- 
rassment caused by interrupting another speaker. 
Implant users report feeling safer since they can 
hear warning signals such as sirens and fire alarms. 
They feel more secure because they are able to hear 
doorbells, telephones, someone’s calling out to get 
their attention, and so on. In their homes, subjects 
usually learn to identify commonly occurring 
sounds. Many also are able to enjoy music, even 
though the postlingually deaf do not find it as plea- 
sant as it was prior to their deafness. 


Subject files at HEI contain many reports by the 
implant subjects on how their implant has helped 
them to deal more competently with their environ- 
ment. “Anecdotal” as this information may be, sub- 
jects are amazingly consistent in their reports of 
what they hear, how it sounds, and how they use 
the auditory information. 


Some subjects have experienced a “nonauditory” 
benefit: a reduction in the level or amount of their 
tinnitus. For some, these changes occur only while 
the implant unit is activated. For others, the effect 
has lasted for extended periods when the implant 
was not in use; up to two weeks in one case, at 
which time implant use was resumed. 


One final comment should be made in regard to 
what benefit is obtained from a cochlear implant. 
For the postlingually deafened individual, the onset 
of deafness usually leads to changes in lifestyle and, 
nearly always, to a decrease in the quality of life. 
Not only the deaf person is affected. His or her 
family and friends are affected, too. Social interac- 
tions, in particular, often decrease in quality and 
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quantity. We have found that, at least for some pa- 
tients, the implant has had a profound positive ef- 
fect in this area. The psychosocial benefits of the 
cochlear implant are reported in some detail in 
Wexler et al.”° 


The cochlear implant is a rehabilitative device. 
No matter what “benefit” can be shown on objec- 
tive measures, no benefit will occur unless the pa- 
tient uses the prosthesis. Willingness to use the im- 
plant is an important indication of its subjective 
value to the patient. Less than 13% of the patients 
implanted have chosen not to use their implants. 
The vast majority of patients are currently wearing 
their cochlear implant stimulator units om a regular 
basis. Most wear the device all day long, every day, 
in spite of its rather bulky size and the frequent ex- 
pense of buying batteries. The use of the implant by 
profoundly deaf individuals must be regarded as the 
ultimate judgment that it is of significant benefit. 


Summary. Many hours of cochlear implant use 
by numerous profoundly deaf patients have yielded 
no evidence that the patient is at risk. Animal 
studies also appear to indicate that a patient can be 
implanted with minimal harm to remaining audi- 
tory structure, and that for the time periods studied 
and the current levels considered appropriate, elec- 
trical stimulation does not cause measurable degen- 
eration of the auditory neural elements. One study, 
in fact, provides evidence that electrical stimulation 
may reactivate “silenced” neuronal populations. 
Wong-Riley et al’ found the level of cytochrome 
oxidase activity was significantly higher in chroni- 
cally implanted and stimulated cats than in im- 
planted but nonstimulated cats, and even ap- 
proached that of the normal. The oxidase enzyme 
activity presumably reflects rate of energy utiliza- 
tion by functioning auditory neurons. 


The question that remains, then, is whether the 
unknown long-term effects of electrical stimulation 
carry a significant risk to the safety or welfare of the 
patient. From the evidence to date it would appear 
not. One patient has had electrical stimulation over 
a period of ten years with no measurable negative 
effects. Even if further degeneration of the auditory 
system occurs, it would seem not to affect the func- 
tioning of the single-electrode cochlear implant. 
Histology studies on a deceased implant patient in- 
dicated almost no surviving neural elements in the 
auditory periphery, yet this patient experienced 
sound sensations to electrical stimulation through 
each of five electrodes in his multiple-electrode 
cochlear implant. 


Thus the greatest risk, that of further damage to 
an already profoundly deaf ear, should it occur, 
seems not a major factor to the functioning of this 
prosthetic device, and most certainly does not pro- 
duce a life-threatening risk or serious bodily harm. 


All risks and probable benefits are discussed with 


prosmective patients, both in written materials and 

in ceunseling sessions. Every effort is made to insure 

that the patient has realistic expectations for the im- 

plart and an understanding of the potential risks. 

Given that the patient has been as fully informed as 

is pessible, and given the evidence to date regarding 
safe-y, it becomes appropriate to allow the patient 

to ca»ose for himself or herself whether to undergo 

a surgical procedure. 


JOCHLEAR IMPLANTATION IN CHILDREN 


It s clearly the hope of those working in the field 
of cochlear implantation that we may one day be 
able to provide hearing to the deaf child, to allow 
that child to grow up in a world of sound. The 
potential for benefit from an auditory prosthesis is 
like y to be much greater for the child than for the 
adult. Children are more adaptive than adults, and 
more readily learn to make use of new information. 
The impact of deafness and the risks and benefits of 
imp_antation involve some additional issues when 
discssing children. These are presented below. 


IMPACT OF DEAFNESS 


Fsssimates are that 1 of every 1,000 children is 
bora deaf or deafened before age 3. The effects of 
early deafness are severe. A recent foreword to a 
book regarding hearing loss in children states:”° 


Only recently have we fully understood the enormous 
regative impact of auditory deprivation in children. If un- 
recognized or untreated, it stunts intellectual growth, im- 
pars emotional maturation, limits the development of cre- 
ative and occupational skills, and diminishes the quality of 
He. 


Language is learned primarily through auditory 
channels. A hearing child at age five is estimated to 
have-a vocabulary of 5,000 to 26,000 words and the 
skil sto combine them into meaningful sentences. A 
deaf child age five has usually acquired no more 
thaa a speaking vocabulary of 200 words with little 
comprehension of sentence structure.*® As noted 
ear ier for 16-year-old prelingually deaf individ- 
uals, the mean reading achievement grade equiva- 
lent ss 3.5. That is, deaf children of about 16 years 
of age read at the level of a normal hearing 9-year- 
old Conrad?’ has reported equivalent findings for 
British deaf children. Additionally, he looked separ- 
ately at the deafer children, those with a greater 
thaa 85 dB loss (profoundly deaf), and found that 

5 of them had no reading comprehension at all. 
Maa” deaf children will never achieve more than a 
thirc or fourth grade reading level. These language 
def cits have severe implications for educational 
achievement and the consequences are life-long, 
wit vocational, socioeconomic, and quality of life 
effects. 


M-klebust? emphasizes the fact that a sensory 
deprvation limits the world of experience and de- 
priv~es the organism of some of the material re- 
soucees from which the mind develops. Schwab?‘ 
poia’s out that in the early preschool years, the 
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hearing child derives much information and educa- 
tion from random sources. Conversations at meal- 
time, conversation with peer groups, radio, televi- 
sion, etc, are all omitted from the deaf child’s 
background. Even reading of nursery rhymes. fairy 


tales, and other such activities are not part of the 
deaf child’s day-to-day life. 


The auditory function helps us process Cistant 
stimuli. Eventually hearing children learn to audi- 
torily recognize and label objects without any visual 
or tactual contact. This may be what helps the 
hearing child move from the realm of the concrete 
to the realm of the abstract. Deaf children do not 
get much practice in attaching labels to objects they 
cannot see. Conrad?” provides a theoretical basis as 
well as objective evidence for believing that there 
are differences in cognitive functions between the 
hearing and the deaf. 


Social, behavioral, and emotional consequences 
of deafness have also been documented. Most au- 
thors agree that the rate of emotional/behavioral 
problems is significantly higher among deaf chil- 
dren than among hearing children of otherwise 
comparable circumstances.”*° 


In addition to the child who is born deaf or who 
loses hearing during the first few years of life, there 
are those children who become deaf following 
childhood disease or trauma at an age where at least 
some language acquisition has already occurred. 
Even though spoken language has been obtained, 
these children can become extremely isolated from 
their environment, family, friends, and peers. 
Communication is difficult and frustrating. Often 
such a child is transferred to a school for the deaf 
where the class may be well behind the level the 
child had already obtained in his or her hearing 
school. Without hearing, monitoring vocal produc- 
tions is difficult, and the child’s speech may become 
more and more difficult to understand. In fact, the 
effects of normal exposure to auditory language for 
a period of three years appears to become totally 
erased in many cases.”° The cessation of auditory in- 
put has an almost immediately damaging effect. 
This child’s vocational choices may be severely 
limited by educational achievement and lack of 
ability to communicate effectively, just as is the case 
for the prelingually deaf. 


In summary, the impact of early deafness on the 
child is often extreme — limiting communication 
with the “hearing world,” educational achieve- 
ment, and quality of life. 


EXPECTED BENEFIT 


The benefit to be expected from the cochlear im- 
plant in children can be judged from the results ob- 
tained in adults combined with knowledge of the 
impact of deafness. Based on the findings in adults 
using the cochlear implant, and given the greater 


ability of children to learn to use new information, 
it might be expected that the potential benefit to be 
gained by the child is even greater than that ob- 
tained by the adult. The most devastating effect of 
early deafness is the impairment of language ac- 
quisition and oral/aural communication skills. 
There is reason to believe that the cochlear implant 
can lead to significant improvement in communica- 
tion skills. 


It is consistently found that the child with a 
severe hearing loss (80-95 dB) who can make some 
use of that residual hearing with a hearing aid is 
much more successful in acquiring oral skills than 
the profoundly deaf child. The “hearing-impaired” 
child (60-80 dB) does better yet and can often be 
successfully mainstreamed rather than educated in 
schools for the deaf. Even minimal auditory input 
can make a significant difference in language ac- 
quisition and educational success. This is why edu- 
cators of the deaf feel so strongly about the necessity 
of fitting hearing aids on children with hearing 
losses at as young an age as possible, in spite of the 
potential risk that powerful aids may further dam- 
age residual hearing. The cochlear implant can pro- 
vide auditory thresholds that would put the pro- 
foundly deaf child into the range of hearing-im- 
paired. This does not necessarily mean that the im- 
planted child would have discrimination as good as 
the child with better hearing who is using a hearing 
aid, but it certainly means that auditory input from 
speech and environmental sounds can be detected. 


There is no reason to expect that children would 
get any less information from the cochlear implant 
than adults, and therefore we can assume that they 
will get intensity and timing information. The im- 
portance of this kind of information should not be 
underestimated. Even if the child can lipread a 
sentence, much of the meaning or connotation is 
carried by intensity or stress differences that cannot 
be lipread. Intensity information is also particularly 
important to speech production and intelligibility. 
Brooks*® has suggested that learning to read might 
well depend on experience with the prosodic char- 
acteristics of speech. She discusses a model that sug- 
gests that the rhythm patterns in speech production 
determine the locus of important content. This as- 
pect of linguistic structure may be very important in 
reading development. Scott*' has suggested that 
although the traditional way to view vowels is by 
spectrum analysis, they can also be viewed in terms 
of temporal patterns, and fine temporal analysis 
play an important role in vowel perception. 


Finally, we can expect some frequency discrimin- 
ation at least at the low frequencies. Simmons’? has 
reported that he knows of at least three cases of 
children who had no functional hearing above 750 
Hz, but relatively normal hearing below that, all of 
whom communicated effectively. This situation is 
not dissimilar to that provided by the implant. He 
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emphasized that children may be much better able 
to learn to use rate-pitch information than can 
adults. 


Besides those benefits related to communication 
skills, there are a number of other areas for poten- 
tial benefit to children from the implant. It might 
be expected that the experiential deficiencies pro- 
duced by deafness (eg, cognitive, social, emotional, 
behavioral) may be partially remedied or at least 
that a wider range of experiences can be made 
available to the child. Liben® ” °’' notes that “sound 
also has important implications for the quantity, 
quality, and effectiveness of the child’s experience 
with objects.” Further, noises made by objects and 
by actions upon objects excite the child toward ex- 
ploration. 


Early auditory experience may be important in 
developing basic concepts about sound and its mean- 
ingfulness. Some early opportunity to learn that ob- 
jects produce sounds, that sounds signal an action in 
the environment, and therefore that sound contains 
meaningful information about events in the environ- 
ment may be an important determinant in whether a 
child can later in life make effective use of auditory 
input. Thus, a potential benefit for children im- 
planted while they are young may be a greater abil- 
ity to benefit maximally from improved auditory 
prostheses developed later in their lives. 


Lastly, there is some reason to believe that stimu- 
lation of the system as early as possible may help to 
prevent further degeneration or in some way have a 
positive physiological effect.** On the other hand, 
sensory deprivation studies do show that degenera- 
tion and/or failure to mature is likely to occur in a 
system that is not stimulated. 


RISK VERSUS BENEFIT IN CHILDREN 


To summarize, considerable clinical evidence has 
been gathered regarding safety and efficacy of the 
single-electrode cochlear implant in adults. It is 
clear that the impact of deafness on the child is 


severe and that the potential benefits to be gained 
from an auditory prosthesis are great. ~ 


Tae literature indicates that there probably is a 
cri ical age for language development as well as for 
general plasticity of the nervous system and that 
this seems to be up to about 5 years of age. 


ne author goes so far as to state that the ability 
to develop language peaks at about the age of 3 or 4, 
deelmes steadily thereafter, and that any language 
development program initiated after the age of 5, 
no matter what methods are used, is doomed to 
fai ure for the majority of deaf children.** Sensory 
deprivation studies suggest degeneration or lack of 
maturation is likely to occur if the system is not 
stim alated. Further, early auditory experience may 
be raportant to later auditory learning. And, lastly, 
there is evidence that it may not be possible to judge 
fror results in adults how well children might be 
abE to do even with the current implant devices. 
That is, children might do surprisingly better than 
adults. 


CONCLUSIONS 


Censiderable clinical experience with cochlear 
implantation in selected profoundly deaf adults 
suggests that benefit to be expected far outweighs 
the potential risks involved. Adverse effects to date 
have been extremely minimal. In fact, the lack of 
surzmal or postoperative complications has been 
quite remarkable. 


When one considers the risks to children in re- 
ma ring deaf, the benefits that might be gained, 
anc the safety record obtained with adults, the 
balaace would seem to favor use of the cochlear im- 
play in children, too. Only from such clinical trials 
wil we be able to evaluate the full potential of 
cociear implants and accurately define the risk to 
beneit ratio. Meanwhile, the record to date would 
seem to warrant allowing the patient, or in the case 
of children, the legal guardian, to choose for him- 
self cr herself whether to undergo this surgical pro- 


cedcire. 
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PART 2 
EXPERIMENTAL SYSTEMS 


COMPARISON OF PROMONTORY AND COCHLEAR IMPLANTS 
WITHIN A SINGLE SUBJECT 


BRADLY J. EDGERTON, PhD 
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KAREN JO DOYLE, MS 


Audiometric pure tone, speech, and psychoacoustic data were obtained from a patient who had worn a promontory electrode for two 
years. Subsequently the promontory implant was replaced by a scala tympani electrode (cochlear implant) and testing was repeated. 
Warbled tone thresholds ranged from 52-68 dB SPL for the octave frequencies 250-8000 Hz with the cochlear implant (CI), and from 65-74 
dB SPL with the promontory electrode (PE). Speech discrimination scores were better with the CI than with the PE, although perfor- 
mance on an environmental sounds test was slightly better with the PE. Smaller intensity difference limens (DLs) were obtained with the 
CI (1 dB) than with the PE (about 4 dB). Frequency discrimination was poor with both electrode systems. The CI provided better frequen- 
cy DLs at 250, 500, and 1000 Hz; the PE produced better DLs at 2000 Hz. When the CI was combined with a hearing aid worn on the bet- 
ter implanted ear, performance improved over that with either prosthesis alone. 


At least one group of researchers has contended 
that stimulation of the cochlea at the promontory or 
round window provides as much information as in- 
tracochlear implants with less risk of trauma to the 
cochlea, and with reduced surgical risk. However, 
to date no data have been provided to clearly sup- 
port this viewpoint. The diverse range of perfor- 
mance found for intracochlear implant subjects?~* 
makes the comparison of extracochlear and in- 
tracochlear implants on different subjects ques- 
tionable. However, recently we have had the op- 
portunity to compare a single subject’s performance 
with promontory and scala tympani electrodes im- 
planted in the same ear at different times. 


PATIENT PROFILE 


The subject is a 76-year-old male who was origin- 
ally seen in 1962 for treatment of symptoms later 
diagnosed as Meniere’s disease. He had experienced 
some significant hearing loss in his right ear since 
1940 and in his left ear since 1960. In 1957 he 
underwent stapes surgery in his right ear which 
resulted in a dead ear. The subject has worn a hear- 
ing aid at his left ear since 1960. By 1967, the sub- 
ject was experiencing severe difficulty with diz- 
ziness, tinnitus (bilaterally), and fluctuant hearing 
loss in the left ear. Several endolymphatic sac 
shunts were done in the left ear with temporary im- 
provements. By 1974 the subject had a profound 
loss in the left ear, and severe tinnitus bilaterally. 
Electrical stimulation (60 and 2500 Hz at 1-2 V) at 
the promontory was tried on both ears to reduce the 
tinnitus. The subject reported reduced tinnitus in 
both ears after stimulation. In 1975, the subject was 
implanted with a right hard-wire promontory elec- 
trode to facilitate the tinnitus treatments. In 1977 a 
new promontory electrode (PE) and induction coil 
system were implanted, and by 1978 the subject 
was using a House-Urban cochlear implant (CI) 
stimulator. In 1979 the subject reported deriving 
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minimal benefit from the promontory implant and 
it was noted that extremely high voltages were re- 
quired for stimulation. Thus, a revision surgery was 
done and the PE was replaced by a scala tympani 
CI. From 1975 to the present the subject has worn a 
high-gain, body-type hearing aid at the left ear in 
conjunction with the right-worn CI. The present 
experiment permits comparisons to be made among 
test performances with hearing aid (HA), PE, and 
CI. 


METHODS 


Instrumentation. All testing was done in a sound-treated booth 
(IAC-1202A). Speech and warbled tone thresholds and un- 
comfortable loudness level testing was done with an audiometer 
(Grason-Stadler 1704) calibrated to ANSI standards for audio- 
meters.* Audiometer output was either to a matched pair of ear- 
phones (TDH-39) mounted in cushions (MX41/AR) or to a 
speaker (Maico), depending on the testing paradigm. Tape 
recorded speech stimuli were routed from an Ampex model 
ATR-700 recorder to the speech audiometer. Sound field levels 
were measured using a microphone (Bruel & Kjaer[B&K]4133) 
placed at the approximate center of the patient’s head and routed 
to a measuring amplifier (B&K 2609). A speech spectrum noise 
was used for sound field calibration. Psychoacoustic tests were 
done using independent tone sources (Wavetek 171, 186) which 
were led to a logic system (Coulbourn series) for shaping and tim- 
ing, and which were then routed to subject or examiner controls, 
or were input to a special test chamber (B&K HA test box 4212). 
The special test chamber was used so that HA or implant 
microphones alone could be placed directly into the chamber, 
thereby eliminating sizable sound field artifacts. Sound levels in 
the test chamber were monitored using a microphone (B&K 4131) 
and measuring amplifier (B&K 2609). A spectrum shaper (B&K 
5612) was used in conjunction with the test chamber for frequen- 
cy difference limen measurements. 


Procedure. The subject was evaluated in five conditions: 1) 
unaided under earphones, 2) PE — right ear, 3) HA — left ear, 4) 
CI — right ear, and 5) CI — right ear and HA — left ear. Testing 
was performed under earphones, in the sound field, and using the 
test chamber. Under headphones, pure tone thresholds, speech 
detection thresholds (SDT), and uncomfortable loudness levels 
(ULL) were obtained bilaterally. In the sound field, warbled tone 
thresholds, SDT, and ULL were measured, and the Monosy]- 
lable-Trochee-Spondee test (MTS),° Environmental Sounds test 
(ES), and the Hearing Rehabilitation Research Center (HRRC) 
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TABLE 1. AVERAGE THRESHOLDS AND UNCOMFORTABLE LOUDNESS LEVELS FOR SIX TEST CONDITIONS (dB SPL) 
Pure or Warbled Tone Frejmency (Hz) 


Condition 250 500 750 1000 1500 2000 3000 4000 6000 8000... SDT ULL 
Unaided R NR NR NR NE NR NR NR NR NR NR NR NR 
Unaided L NR 114 107 117 NR NR NR NR NR NR 115 NR 
PE (R) 70 67 67 6€ 67 67 65 7 70 74 70 95 + 
CI (R) 65 59 56 5E 53 52 52 52 58 68 46 95 + 
HA (L) 66 59 59 64 66* 74* NR NR NR NR 56 84 
CI/HA 67 61 56 58 57 59 56 54 60 64 53 86 





*Vibratory response. 
NR - No response at the output limit of the audiometer. 


Rhyme test were administered. The latter three tests have been 
developed for use with subjects having minimal auditory capabili- 
ties. In the test chamber, intensity difference limens (Al and 
scaling and frequency difference limens (AF) were measured. 


Pure and warbled tone thresholds and speech detection thresh- 
olds under earphones and in the sound field were measured using 
an up-down adaptive procedure;’ threshold was defined as the 
level where the subject responded on 3 out of 5 trials. Warbled 
and pure tone thresholds were measured at octaves and half oc- 
taves from 250 to 8000 Hz. For SDT and ULL a selected sample 
of tape recorded spondees with amplitude peaks - 1 dB were 
used. The ULL was determined using the ascending procedure 
and instructions outlined by Edgerton et al.* During all aided or 
implant testing the prosthesis was set to a comfortable level with a 
sound field spondee level of 70 dB SPL. 


The MTS, ES, and HRRC Rhyme tests are closed response for- 
mat tests. The MTS consists of four common monosy lables, four 
trochees, and four spondees, repeated twice in a semsrandom se- 
quence. The ES is composed of 20 commonly occurring sounds, 
with each stimulus presented in the context of four foils. The 
HRRC Rhyme test consists of 50 monosyllables, each of which is 
grouped with three rhyming foils. 


Intensity difference limens were measured using standard ref- 
erence tones of 250, 500, 1000, and 2000 Hz. The stimuli were 
gated on for 500 ms with a 300 ms interstimulus interval A 
stimulus rise-fall time of 20 ms was used to avoid transients. Tests 
were done with the standard at a level of 70 dB SPL with the pros- 
thesis adjusted to a comfortable setting. To reduce the effect of 
subject attenuator reference bias, ascending and descending tr-als 
were alternated and the starting level of the compariscn stimulus 
was varied by an independent experimenter-controlled at- 
tenuator. Ten ascending and descending trials were used to es- 
timate the AI. The subject was instructed to adjust an attenuator 
(0.5 dB step) to the point at which both tones were equal in 
loudness. 


Frequency difference limens were measured at 250, 500, 750, 
and 1000 Hz. The standard and comparison stimuli were gener- 
ated from two different oscillators and monitored using two fre- 
quency counters. The tones were gated on for 1 second with a 590 
ms interstimulus interval (rise/fall = 20 ms). A spectrum shaper 
was used to establish a rough approximation to an equal loudness 
contour prior to testing. Ten ascending and ten descending trials 
were done at each frequency to estimate the AF. The subject was 
instructed to adjust the comparison tone to the pitch of the stand- 
ard tone. The starting point for each trial was varied by the ex- 
perimenter. 


RESULTS AND DISCUSSION 


Sound Field Thresholds. Unaided pure tone and 
warbled tone thresholds obtained in each of the 
aided conditions are given in Table 1. Unaided 
thresholds range from 107 to 114 dB SPL at fre- 
quencies 500-1000 Hz in the left ear. No unaided 
thresholds could be measured at the limits of the au- 
diometer (110 dB HL) above this frequency in the 


left ear, while no auditory responses were obtained 
at £y frequency in the right ear. With the HA 
worm at the left ear, auditory responses were noted 
at 5566 dB SPL from 250 to 750 Hz, vibratory re- 
sporses at 66 and 74 dB SPL for 1500 and 2000 Hz, 
and Eo responses at higher frequencies. In the PE, 
CI, end CI/HA conditions, pure auditory thresh- 
olds could be measured at each frequency between 
250 and 8000 Hz. Of these three conditions, the PE 
proauced the poorest thresholds, in the range of 65 
to 7- JB SPL. Better thresholds were measured for 
the CZ and CI/HA conditions (ranging from 52-68 
dB S7 across frequencies). Threshold levels for the 
CI ceadition are comparable to narrow-band noise 
threswlds obtained by Bilger et al? for a sample of 
cochar implant wearers. 


Speech detection thresholds and ULL are also 
giver: in Table 1. For each condition, SDT is within 
+6 CE of the thresholds for the two best frequen- 
cies. Tae CI and CI/HA provide the most sensitive 
thresl elds to speech, followed by the HA and PE 
condénns, respectively. ULL for speech, as shown 
in Tadse 1, could not be reached at the limits of the 
audioxeter (95 dB SPL) for either the CI or the PE. 
This f eding was not unexpected since the CI stimu- 
lator wait is set to peak-clip any acoustic signal that 
woulc exceed the subject’s comfort level. ULLs ob- 
tainec in the HA and CI/HA conditions were some- 
what »orer than either the CI or PE ULLs. Be- 
cause of this, the CI condition provided the largest 
dynam range (49+ dB), followed by that of the 
CI/H¢. condition (33 dB), the HA condition (28 
dB), aad finally the PE (15 + dB). 


Speech and Sound Discrimination. In Table 2, 
mean st scores and ranges are presented for word 
discrim mation as measured by the MTS and the 
HRRC Rhyme test, and for the Environmental 
Sounds test. The subject scored highest on each 
word d@serimination task in either the CI/HA or HA 
conditas; the CI scores were 25-45% poorer than 
for the ĦA or HA/CI conditions. PE results were 
the poesest, with just above chance level perfor- 
mance sor all word discrimination tests. Stress 
percepfen scores for the MTS follow the same pat- 
tern as tae discrimination scores, with the CI/HA 
and HA wielding higher percentages (96 % ) than the 
CI (75%) or PE (50%) scores. For the ES test, 
scores across conditions did not differ as much as for 
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ee oh TABLE 2. AVERAGED SPEECH AND SOUND DISCRIMINATION TEST SCORES AND 
ge ' SCORE RANGES FOR FOUR CONDITIONS 


` MTS Word Discrim. MTS Stress 
Mean(%) Range(% Mean(%) R 
PE 2 Af 4-29 50 38-71 
TET? E 30 21-46 75 63-92 
HA th. 79 70-91 93 91-100 
‘CVHA . : 74 67-79 99 96-100 


the speech tests. However, the same trends aeld, 
with the exception that PE performance exceeded 
that of the CI. It should be noted that under most 
conditions the range of the subject’s performance 
for any given test was sufficiently great to warrant 
considerable caution when comparing means. 


Psychoacoustics Results, The results of int2nsity 
discrimination experiments are presented in Figure 
1, which shows AI expressed in decibels as a func- 
tion of stimulus frequency for the CI, HA, and PE 
conditions. Normal AI (difference limens [DL] of 
about 1 dB) are obtained with the CI. DLs mea- 
sured in the HA condition are larger (2 dB) while 
the PE condition demonstrates the largest DLs at 
about 4 dB. Intensity DLs, which were measured at 
a comfortable loudness level, remain essentially 
constant across stimulus frequencies for each condi- 
tion. Constant intensity DLs would be expected 
with normal-hearing subjects at levels greater than 
40 dB SL.’ Results of AI testing with this subject 
compare favorably with the results of Simmons et 
al’? who measured AI in two modiolar implant 
wearers and found DLs of about 5%. Intensity DLs 
with the subject of this study, by comparison, are 
approximately 2%. 


Figure 2 provides a comparison of AF (median 
values and their ranges) and Weber fractions for 
sine wave stimuli of 250, 500, and 1000 Hz in the CI 
and PE conditions. Weber fractions (perceritage of 
change in the standard stimulus required for. the 


DIFFERENCE-LIMEN FOR INTENSITY IN dB 





FREQUENCY IN HERTZ 


oo Difference limens for intensity in decbels for 
standard tones at 250, 500, 1000, and 2000 Hz for >romon- 
tory electrode (PE), hearing afd (HA), and cocklear im- 
plant (CI). 


HRRC Rh Test Env. Sounds 
Mean( % % Mean(%) Range(% 
30 20-34 55 50-80 
46 46 45 20-70 
67 60-74 60 55-65 
74 T4 62 60-65 


subject to detect a difference) obtained with the CI 
are approximately ten times greater than those ex- 
pected from normal-hearing listeners (0.2 for CI, 
0.02 for normal-hearing listeners), while Weber 
fractions measured with the PE are about 20 times 
larger (about 0.4) than normal Weber fractions. At 
2000 Hz, however, the median AF with the CI 
(1920 Hz) is far poorer than the PE AF (573 Hz). A 
wide range of variability is noted for AF results in 
both the CI and PE conditions. The PE and CI AFs 
compare favorably with those measured by Fourcin 
et al," who measured frequency discrimination in 
four subjects with PEs. Only one of their subjects 
yielded Weber fractions better than 0.3 for the fre- 
quencies 75 to 250 Hz, and this single subject could 
not detect any pitch differences at higher frequen- 
cies. Results of the pitch discrimination experiment 
are comparable with those obtained by Bilger et al,’ 
who found that some subjects implanted with the 
type of CI device worn by this subject had near- 
normal Weber fractions (AF/F = 0.02) for frequen- 
cies below 2000 Hz, with poor AF at and above 
2000 Hz. Ranges obtained for the subject of the 
present study indicate that AF is poor at and above 
500 Hz for the CI condition, but that frequency dis- 
crimination with the CI is substantially better than 
that measured with the PE. 


The above results may serve to further clarify two 
fundamental issues raised by CI researchers, name- 
ly, 1) is the intracochlear implant superior to the ex- 
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Fig. 2. Difference limens for frequency for the standard 


tones 250, 500, 750, and 1000 Hz for the promontory elec- 
trode and cochlear implant. 
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tracochlear (promontory) implant? and 2) are fur- 
ther advantages derived from the CI in a su ject 
who benefits from-a HA worn in the unimplanted 
ear? To address these questions, this study allows 
for direct comparison of audiometric, speech, and 
sound discrimination, and psychoacoustic data ob- 
tained with CI and PE, as well as compariscn of 
audiometric and speech discrimination results ob- 
tained with CI, HA, and both CI and HA worn to- 
gether. 


When comparing CI and PE performances. the 
CI demonstrates marked superiority over the PE for 
every speech discrimination, threshold, and psycho- 
acoustic test. PE performance surpassed CI perfor- 
mance only for the Environmental Sounds test. 
Though CI and PE conditions produced identical 
ULLs, the poor thresholds obtained with the PE 
resulted in the smallest dynamic range measured in 
any condition. 


For this subject, speech and environmental sc und 
discrimination are clearly better with an HA worn 


on the better ear than they are in the CI ear, despite 
the improved warbled tone thresholds, AIs, and 
UL_s noted with the CI. On the basis of this com- 
par son alone (CI and HA), it would be difficult to 
justify the wearing of the CI alone, since perfor- 
maace with the HA worn in the better ear is clearly 
superior. However, when the CI and HA are worn 
together and are compared to the HA alone condi- 
tior, the combination of the two produces improve- 
mert in speech and sound discrimination, warbled 
tones, and dynamic range. The fact that our subject 
is ale to decrease the gain of his HA in the CI/HA 
condition not only can account for the improve- 
mert in ULL, but may have the further advantage 
of preserving the residual hearing in the aided ear, 
which could be otherwise damaged further through 
con inued use of his high output, powerful body- 
type HA. Naturally, the issue of whether this addi- 
tional benefit is obtained with the CI for other sub- 
jects will depend on the level of hearing in the aided 
ear. as well as on the performance of the CI. Fur- 
ther clinical research is being carried out to address 
this issue. 
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Nate age MULTIPLE-ELECTRODE COCHLEAR IMPLANT 


WILLIAM F. HoUsE, MD 


BRADLY J. EDGERTON, PhD 


A multiple-electrode cochlear implant comprised of three intracochlear and four extracochlear electrodes is described. A percutaneous 
plug allowed for direct electrical measurements and presentation of stimuli to selected electrode combinations. Electrical impedance 
measurements revealed functions that decreased as frequ2ncy increased to about 20 kHz. Absolute impedance magnitude varied across 
electrodes. Equal loudness contours were similar in share for all three cochlear electrodes, although dynamic range was significantly 
reduced for the most apical electrode. Periodicity and place pitch were demonstrated; effects were most salient for low frequency stimuli. 
A 3-channel sound processor was built and multiple-channel stimulation was compared to single-channel stimulation. Significant perfor- 
mance differences were not found between single-channel and multiple-channel systems for environmental or speech sounds. However, the 
patient subjectively reported superior quality with the maultiple-channel system. 


Although the greatest amount of clinical exper- 
ience with implantable auditory prostheses for the 
deaf has been achieved using single-electrode intra- 
cochlear implants, the potential value of multiple- 
channel cochlear stimulation has long been recog- 
nized. The belief is that by using multiple-channel 
cochlear implants, the temporal spatial characteris- 
tics inherent in the normal cochlea can be more 
closely approximated than is possible using a single 
channel of stimulation. It is hoped that by inzreas- 
ing the information transmission in this manner, 
auditory speech recognition might be restored. 


Normally, acoustic activation of the hearing 
mechanism requires a large number of surviving 
hair -cells and neural ganglion cells in order to 
achieve high levels of speech recognition. For 2xam- 
ple, Otte et al’ suggest that speech discrimination 
requires at least 10,000 spiral ganglion cells with at 
least 3,000 located in the apical third of the cochlea. 
Other researchers, such as Kiang et al,’ have hy- 
pothesized that although this large hair cell and 
neuron population may be necessary when stimula- 
tion is acoustic, fewer numbers may be required 
when electric stimulation is used. Kiang et a have 
demonstrated with model neurograms that a 
48-channel system could transmit much of the im- 
portant information necessary for speech discrimin- 
ation. Even when the number of channels was re- 
duced to six, intensity, spectral content, and on/off 
information still survived. Thus, even in cases of 
grossly damaged inner ears, if the surviving neural 
distribution is such that individual channels of stim- 
ulation can be obtained, the potential for achieving 
high levels of speech discrimination and recognition 
are much better than in the single-channel case. 


The primary limitation of the single-electrode 
cochlear implant is in frequency coding. The nor- 
mal cochlea codes frequencies in two ways: first, 
low frequencies are usually coded by a volley nech- 
anism;* second, middle and high frequency com- 
ponents are usually considered to be coded by a 
place mechanism. Many of the frequency elements 
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which are necessary for speech discrimination/un- 
derstanding are present above the normal eighth 
nerve neural volley limit, which in humans is prob- 
ably between 300 and 500 volleys per second. To 
improve frequency discrimination above the 300 to 
500 Hz limit, it would be necessary to localize 
stimulation to discrete places along the «ochlear 
gradient, evoking the place pitch mechanism. 


In 1961, a 5-wire scala tympani induction coil 
system, with remote ground, was implanted in’a 
patient by House.‘ Unfortunately, it was rejected 
due to sensitivities of the patient to the materials 
used in the induction coils, and was removed before 
much testing could be performed. In 1964, Doyle et 
al published a report on results with a 4-electrode 
intracochlear array.’ They hoped that by sequential 
stimulation, the discriminable frequency range 
could be extended from about 600 to 2400 Hz. Al- 
though their report was brief, they did conclude 
that the multiple-electrode array provided speech 
discrimination which enabled the patient to “repeat 
phrases.” . 


Subsequently, House implanted two patients i 
1969 and one patient in 1970 with 5-wire scala tym- 
pani arrays.** With this 5-electrode system, the 
presence of place pitch and periodicity pitch could 
be demonstrated for all electrodes. In addition to 
experiments of pitch and intensity, an intensive in- 
vestigation was undertaken to determine how 
speech signals should be processed to yield the best 
intelligibility. Among the experiments completed 
with one patient were 1) definition of the stimulus 
waveforms providing the largest dynamic ranges, 2) 
frequency transposition effects, 3) performance 
with a 5-channel vocoder with variable frequency 
bandwidth and amplitude compression characteris- 
tics, and 4) the use of delay lines in single-channel 
and multiple-channel stimulation to approximate 
the temporal patterns of the traveling wave in the 
cochlea. However, none of the experimental sys- 
tems yielded speech discrimination that was ap- 
preciably better than when all electrodes were 
driven as a single-channel system. 
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Clark et al, using a 9-electrode intracochlear ar- 
ray, demonstrated both place and periodicity pitch 
phenomena, although high levels of speech recogni- 
tion were not achieved.’ Pialoux et al have also 
reported data obtained from both 8-electrode and 
12-electrode systems showing frequency discrimina- 
tion limited to two thirds to one octave.* Speech 
recognition was reported to be relatively poor. Re- 
sults by Bosch et al, using a 4-electrode mtracoch- 
lear array in one subject revealed poor periodicity 
pitch discrimination at any of the electrodes and an 
inability of the patient to discriminate between 
electrodes.” On the other hand, Eddington has re- 
ported patient performance with multiple-elec- 
trode, multiple-channel cochlear arrays which is 
very encouraging. °’ 


The importance of the electrode itself should not 
be underestimated, since very high levels of speech 
recognition performance have been reported using 
multiple-electrode arrays which were activated in a 
single-channel mode.'''*? However, it has been 
demonstrated that the speech discrimination and 
speech recognition abilities even of single-electrode 
cochlear implant patients vary considerably.’ 
Thus, it is very difficult to compare the perfor- 
mance of patients with multiple-channel systems to 
patients with single-channel systems. At the present 
time, multiple-electrode, multiple-channel coch- 
lear implant systems have not provided speech re- 
cognition levels which approximate normal perfor- 
mance. 


HOUSE MULTIPLE-ELECTRODE DESIGN 


Multiple electrodes used to stimulate the cochlear 
structures have been configured in at least four 
ways: 1) as a bundle of individual electrode wires of 
different lengths inserted through the round win- 
dow into the scala tympani,®'* 2) as a number of 
electrodes arranged in opposing pairs and cast in a 
Silastic carrier that either fits tightly"' or loosely”? in 
the scala tympani, 3) as a tightly bounc modiolar 
array inserted into the eighth nerve,'* and 4) as in- 
dividual electrodes introduced along the cochlea 
through a series of fenestra. ° 
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1. BASAL COIL 
2. SECOND TURN 
3. HELICOTREMA 





Th- present House multiple-electrode system in- 
corporates both round window/scala tympani and 
cochizar fenestra techniques of electrode place- 
men: The procedures and electrode design were 
selected to maximize localization of electrical cur- 
rents within the cochlea and to make possible the 
com-arison of the standard House single-electrode 
scale tympani implant with a multiple-electrode 
system. 


A diagram of the multiple-electrode is provided 
in F sure 1. The electrode array consists of 7 elec- 
trods, 3 designed as actives and placed into the 
cocHEa and 4 designed as grounds and placed out- 
side cf the cochlea. All of the electrodes are fabri- 
cate= from 0.02 cm (0.008 in) diameter platinum 
wire erminated at 0.05 cm (0.02 in) fired balls. The 
elec'mode wires are insulated with silicone sleeves 
that =llow about 0.5 mm exposure of wire on two of 
the =tive electrodes and 15 mm exposure on the 
third active. Approximately 32 mm of exposed wire 
is us on all four ground electrodes. All of the elec- 
troŒ wires are terminated at an ITT subminiature 
conn<ctor which is sealed in a silicone sleeve and in- 
sulaed with bone wax. The subminiature con- 
nect was designed to allow for easy disconnect so 
that when an optimal signal processor was devel- 
oped an across-the-skin transmission system could 
be implanted. The wires are then routed to a second 
subraniature ITT connector mounted in a hydro- 
lyze= carbon button. The carbon button is secured 
to th: bone in the area of the mastoid and extends 
thra gh the postauricular scalp area. 


CASE HISTORY 


The patient selected for the multiple-electrode device was a 
54-ye=-old female with a long history of deafness due to oto- 
sclerc=s. The patient reported some hearing loss since the age of 
18 yeexs, and in 1956 bilateral stapes mobilization surgery was 
done surgery resulted in a profound sensorineural loss in the left 
ear aall a severe mixed loss in the right ear. An unsuccessful stapes 
revise was done in the right ear in 1960 which resulted in a 
sever= -© profound sensorineural loss. The patient did successfully 
wear high-power body hearing aid in the right ear until 1972. In 
1972 he patient experienced a sudden total hearing loss in the 
right ear which resulted in her deriving minimum benefit from 
heart aids. At this time, she was seen at the Otologic Medical 
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Fig. 1. Multiple-electrode cochlear implant. Per- 
cutaneous connector and electrodes, showing in- 
sulated and uninsulated dimensions. 
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Fig. 2. Multiple-electrode system after implantation. Seven electrodes, three intracochlear and four extracochlear, 
terminating at a connector housed in a percutaneous carbon plug placed posterior and superior to the pinna. 


Group, was later evaluated for the cochlear implant program, 
and in 1977 a successful single-electrode cochlear implant surgery 
was performed on the left ear. The patient’s overall performance 
with the cochlear implant in the left ear was very good. In 1980, 
she was asked to consider a multiple-electrode cochlear mplant 
for the right ear. The patient was informed at the time hat the 
multiple-electrode cochlear implant was a new device req tiring a 
more extensive surgery, and postoperative performance with the 
implant could not be predicted. She was cautioned that previous 
experimentation with multiple-electrode arrays had nat in all 
cases provided superior performance to single-electrode systems. 
The risks of the surgery along with the additional risk of faving a 
percutaneous plug behind the ear were explained to ber. She 
made the decision to have the multiple-electrode implan . 


Surgical Description. With the patient under general enesthe- 
sia, a postauricular incision was made about 2 cm postericr to the 
fold of the pinna, and the flap was turned forward to expose the 
cortex of the mastoid process and the squamous part of the tem- 
poral bone. A mastoidectomy was then done, and the facial recess 
was opened widely to visualize the round window niche. The 
round window niche was removed with a diamond stone n order 
to visualize the round window membrane, and an open_ng was 
made into the scala tympani just anterior to the round window 
membrane. The surgical approach was then changed. Through 
an ear speculum in the external auditory canal, a posterior canal 
wall flap was elevated and the eardrum was dissected off the han- 
dle of the malleus so that it could be laid forward in the 2xternal 
canal. Using a specially prepared tapered burr, a hole was drilled 
just in front of the oval window and just posterior to the malleus. 
This hole extended down to the second coil of the cochlea. 
Cadaver dissection had previously shown that this open ng was 
usually in the scala vestibulae of the second coil. Using tie same 
tapered burr, another hole was drilled into the promontory just 
anterior to the handle of the malleus and just inferior to the 
cochleariform process. Previous dissection had shown tnat this 
opening invariably came at the helicotrema. 


At this point, the hydrolyzed carbon button which was de- 
signed to extend through the postauricular scalp area was secured 
to the bone with bone screws, and the electrodes were ther run in- 
to the mastoid cavity. The four ground wires were placec: one in 
contact with the dura of the posterior fossa at about the area of 
the endolymphatic sac; one into the attic above the cochleariform 


process and down to the eustachian tube, one in contact with the 
dura just above the additus and the attic area by making a little 
opening in the bone at this point and inserting an electrode be- 
tween the surface of the bone and the dura, and the fourth in con- 
tact with the temporalis muscle. 


The three active electrodes were routed through the facial 
recess. One was inserted through the round window about 15 mm 
into the scala tympani, and fascia was placed around the elec- 
trode to seal it at its entrance into the scala tympani. The second 
active electrode was inserted approximately 1.5 mm into the 
opening drilled in the second cochlear coil. It is estimated that at 
least the 0.5 mm ball extended into the cochlea and possibly a lit- 
tle bit of the exposed wire. Again, fascia was placed around the 
electrode to help seal the opening. The third electrode was then 
placed into the helicotrema opening, and it was estimated that 
the 0.5 mm ball and a small portion of the wire extended into the 
fluids of the helicotrema. Fascia was placed around the electrode. 
The eardrum was then replaced and the external auditory canal 
was filled with Gelfoam. The postauricular incision was closed 
and sutured around the protruding connector. A head dressing 
was placed and the patient was transferred to the recovery room. 
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Fig. 3. Block diagram of the instrumentation used to 
make impedance measurements. Ei - Voltage input to a 
voltage-to-current converter; ZL - Voltage across the pa- 
tient electrodes. 
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Fig. 4. Ranges of absolute impedance magnitude as a 
function of frequency for basal, 2nd turn, and helicotrema 
electrodes, paired with grounds at the temporalis muscle, 
eustachian tube, endolymphatic sac, and middle fossa 
dura. 


In Figure 2, the approximate locations of the ground and active 
electrodes within the ear structures are shown. Four different 
ground wires were used because no research to date has iden- 
tified, in the human ear, the natural current pathways for 
unipolar scalar electrodes. We felt that the location of the ez- 
tracochlear ground electrodes could affect thresholds and possibly 
channel separation for multiple-electrode stimulation. 


ELECTRICAL IMPEDANCE MEASUREMENTS 


After approximately six weeks of healing, a series 
of impedance measurements were undertaken to 
define the electrical characteristics of the implanted 
electrode system. Figure 3 provides a block diagram 
of the impedance measurement apparatus.* The 
output of an oscillator was routed to a voltage-to- 
current converter. The voltage input to the voltage- 
to-current converter was displayed on channel 1 of 
a 2-channel oscilloscope. It should be noted that 
when converted, the applied voltage represented a 
specific current value at the electrodes. The output 
of the voltage-to-current converter was routed to 
the patient electrodes, and the voltage across the 
patient electrodes was read with a differential input 
on channel 2 of the oscilloscope. Using this ap- 
paratus, channel 1 served as a representation of cur- 
rent across the electrodes, and channel 2 repre- 
sented the voltage across the electrodes. Compari- 
son of the voltage to current levels allowed an es- 
timation of the absolute impedance magnitude. 


Figure 4 provides the impedance functions for the 
three intracochlear electrodes, and indicates the 
range of performance for each active electroce 
paired with each of the four grounds. The variation 
between grounds was not large. The variability 
among the grounds was greatest for the basal coil 
electrode and least for the helicotrema electrode. In 
all cases, the variability across grounds was largest 


*Francis A. Spelman, PhD, University of Washington, designed the im- 
pedance measuring apparatus and assisted in the collection of the data. 


at low -r=quencies, being on the order of 1,000 Q or 
more a 100 Hz and decreasing to less than 100 Q at 
20,000 Hz for all electrodes. For all active elec- 
trodes, the highest impedance functions were ob- 
tained when paired with the middle fossa dura 
ground and the lowest when paired with the eusta- 
chian tabe ground. 


Impecance measurements were also taken by 
pairing the three intracochlear electrodes with each 
other. Im Figure 5 it is seen that the general shape of 
the furctions is very similar to the functions ob- 
tained with the extracochlear grounds. However, 
the overall impedance magnitudes are greater for 
the intr:acochlear pairs than when remote grounds 
were ued. The lowest impedance function was ob- 
tained ær the basal turn electrode paired with the 
second turn electrode. However, pairing either the 
basal œ the second turn electrode with the helico- 
trema electrode yielded relatively high impedance 
functions. The high impedance functions obtained 
for the helicotrema electrode may be related to the 
amoun- of bone which is acting as an insulator in 
the helieotrema region in addition to the reduced 
electrode surface area as compared to the basal turn 
electrode. 


ELECTRICAL THRESHOLD STUDIES 


Elec nical thresholds were measured using an as- 
cending up/down adaptive technique. Measure- 
ments were made with sinusoidal stimuli ranging 
from 108 to 19,000 Hz. All threshold measurements 
began at zero stimulation level and increased in ap- 
proximgxely 50 mV steps. Threshold was defined as 
the lowest stimulus level yielding a correct response 
about 3% of the time. 


Instmanentation and Stimuli. A block diagram of 
the insrumentation used in the threshold and un- 
comfortable loudness measurements is provided in 
Figure &. Sinusoidal stimuli were routed to a fre- 
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Fi; 5. Absolute impedance magnitudes as a function of 
frequ2acy for the basal-2nd turn, basal-helicotrema, and 
secord turn-helicotrema intracochlear electrode pairs. 
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Fig 6. Block diagram of instrumentation used for 
old and uncomfortable loudness measurements. 


quency counter and one channel of an oscilloscope 
for monitoring, and then directed to a signal shaper 
and timer before terminating at the amp_ifier sec- 
tion leading to the patient electrodes. Threshold 
-and uncomfortable levels were measured using sin- 
usoids gated on for one second with a rise fall time 
of 25 ms. The signal being delivered at the patient 
electrodes was monitored on a second cannel of 
the oscilloscope. 


Results. Table 1 presents the electrical thresholds 
obtained, expressed in peak-to-peak mV, for the in- 
tracochlear actives paired with the extrecochlear 
grounds. From the table it can be seen that in all 
cases the basal turn active provided the lowest elec- 
trical thresholds, and that there was little difference 
in threshold among the different ground placements. 


The same general results, ie, no large differences 
among grounds, were obtained for the second turn 
active electrode. For the helicotrema active, the 
thresholds across grounds were very similar at the 
low frequencies, but at the high frequencies were 
unobtainable when the middle fossa dura cr the en- 
dolymphatic sac grounds were used. 


Differences among the voltage thresholds ob- 
tained using the basal, second turn, and helico- 
trema actives are reflective of the differences among 
the electrodes in surface area, insulating properties 
of the tissues immediately surrounding -he elec- 
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Fig. 7. Electrical thresholds in Irea microam- 
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trodes, and the proximity of the electrodes with re- 
spect to the stimulable neural elements. However, 
in all cases, thresholds increased as stimulus fre- 
quency increased, 


Perhaps a more accurate picture of the differ- 
ences in stimulation levels that were necessary to 
elicit thresholds can be obtained by measuring or es- 
timating current rather than voltage. Therefore, in 
Figure 7 threshold functions are plotted in current 
levels. Functions are similar to those obtained using 
voltage threshold measurements, although the ef- 


fect of high frequencies is more marked. Threshold 


current functions are not provided for all electrode 


TABLE 1. MEDIAN THRESHOLDS IN MILLIVOLTS FOR EACH ACTIVE-GROUND ELECTRODE PAIR* 





l Frequency (Hz) 

Electrode Pair 100 300 300 1000 3000 6000 10,000 19,000 
AB — ET l lI 19 16 23 32 40 59 
AB — TMP 3 12 17 23 23 30 49, 69 
AB — ES 4 16 18 25 28 37 43 78 
AB — MFD 3 15 18 25 27 38 40 64 
A2nd — ET 41 196 312 366 428 483 612 893 
A2nd — TMP 35 172 255 297 355 488 542 824 
A2nd — ES 36 220 300 348 299 439 550 851 
A2nd — MFD 90 215 288 299 452 538 636 1018 
AH — ET 50 214 356 453 1070 1452 1980 3520 
AH — TMP 72 286 383 450 725 1078 2050 3010 
AH — ES 29 322 359 434 718 t t t 
AH — MFD 60 240 553 465 825 t t t 


“Basal active (AB), 2nd turn active (A2nd) and gaara active (AH) paired with the eustachian tube ground (ET), temporalis ground (TMP), en- 


dolymphatie sac ground (ES), and middle fossa dura ground (MFD). 
tThresholds not obtainable. 
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TABLE 2. ELECTRODE SAFETY LIMITS FOR CURRENT 
IN MICROAMPERES PEAK-TO-PEAK 


Frequency (Hz) 


Electrode 100 1000 10,000 15,000 
Basal coil 300 27 ,000 274,000 437,000 
Second turn 4] 410 4,000 65,000 
Helicotrema 4] 410 4,000 65,000 


pairs in Figure 7. However, those that are demon- 
strate that there are essentially two categories of 
functions: 1) those which include the basal turn ac- 
tive electrode, and 2) those which do not include 
the basal active. The lowest thresholds were ob- 
tained when the basal turn electrode was one of the 
pair, and the basal active with eustachian tube 
ground — the standard single-electrode system — 
required the least current to achieve threshold. 


Pure platinum electrodes were selected for im- 
plantation since platinum is a chemically inert ma- 
terial and should be well tolerated by the tissues and 
fluids of the inner ear. The primary consideration, 
from a damage risk standpoint, was the current lev- 
els which would have the potential of causing dam- 
age directly to the neural elements being stimu- 
lated. An estimate of maximum safe stimulation 
levels based on histologic findings is provided by 
Walsh et al.'® They report that as long as charge 
densities do not exceed approximately 40 ~C/cm’/ 
phase, the risk of damage to neural elements from 
intracochlear electrical stimulation is very small. 
Using 40 wC/cm?/phase, we have computed the 
maximum safe limits in peak-to-peak current at fre- 
quencies from 100 to 16,000 Hz. These are snown in 
Table 2. Although the helicotrema and second turn 
electrodes do require low overall current levels to 
maintain safety, comparison with Figure 7 reveals 
that the levels used for stimulation are substantially 
below the maximum safe limits. 


UNCOMFORTABLE LOUDNESS LEVELS 


Uncomfortable loudness levels were measured us- 
ing an ascending technique and an instruction set 
which requested that the patient indicate when a 
signal was “too loud to be tolerated for at least five 
minutes.” Sinusoidal stimuli were used ranging 
from 100 to 10,000 Hz. The uncomfortable loudness 
levels were taken as the median for 3 to 5 ascending 
trials. The median uncomfortable loudness levels 
for the three active electrodes paired with the eusta- 
chian tube ground are presented in peak-to-peak 


TAELE 4. DYNAMIC RANGES IN DECIBELS. FOR 
EACE ACTIVE ELECTRODE PAIRED WITH. THE 
EUSTACHIAN TUBE GROUND : 


Elect-ade Frequency (Hz) 
Par 100 500 1000 3000 5000 10,000 
AB — ET 39 19 24 22 2% 21 
A2nd — ET 19 1] 15 15 14 z 
AH — ET 16 12 14 9 ll . 


*Not measured. 


voltage and microamperes in Table 3. The uncom- 
fortable loudness levels were lowest for the basal 
turn a»ive and highest for the second turn active. 
The cunrent levels tolerated by the patient increased 
as frequency increased. The current required to 
achieve uncomfortable level is generally less than 
the sae limits presented in Table 2. In addition, 
signals presented to the patient are always lower 
than umcomfortable level, except during the pro- 
cedure to determine that level, in which case they 
are urcomfortably loud for only a brief presenta- 
tion. 


Conmgarison of the thresholds obtained for the 
three active electrodes paired with the eustachian 
tube ground and the uncomfortable levels for these 
same electrodes reveals that the dynamic ranges dif- 
fered significantly for the three intracochlear elec- 
trodes. Table 4 presents the dynamic ranges, con- 
vertec to decibels, at frequencies from 100 to 10,000 
Hz. Is general, all active electrodes yielded the 
larges: dynamic range at 100 Hz, with a relatively 
constemt dynamic range at higher frequencies. The 
basal active electrode yielded the largest or widest 
dynanic range (about 20 dB) followed by the sec- 
ond tæn electrode (about 15 dB) and the helico- 
trema electrode (about 10 to 15 dB). 


THRES BOLD AUDITORY FATIGUE 


Du-img the early stages of multiple-channel stim- 
ulation, the patient reported that a low-pass-band 
(250-700 Hz) stimulator system, which was routed 
to the apical electrode, changed its characteristics 
after several hours of listening. Testing of her stimu- 
lator >quipment showed no abnormal functioning. 
Reexamination of electrical thresholds at this point 
founc a shift upward, ie, thresholds were poorer 
than earlier in the session. A brief study of auditory 
fatigue was undertaken to determine whether the 
patiemt’s perceptions could be attributed to physio- 
logice | phenomena. 


TABLE 3. UNCOMFORTABLE LOUDNESS LEVELS IN PEAK-TO-PEAK MILLIVOLTS AND MICROAMPERES FOR 
EACH ACTIVE ELECTRODE PAIRED WITH THE EUSTACHIAN TUBE GROUND 


Frequency (Hz) 


Electrode Pair 100 300 500 

AB — ET (mV) 84 140 167 
(nA) 30 70 93 

A2nd — ET (mV) 367 1105 1300 
(uA) 66 345 481 

AH — ET (mV) 380 970 1435 
(pA) 35 129 217 


*Not measured. 


750 D0 1500 2000 3000 5000 10,000 
191 250 230 256 268 300 427 
112 157 164 197 223 286 427 

1586 r550 2145 2265 2533 2400 F 
659 £44 1073 1224 1490 1600 

1720 £290 2140 2550 3136 4933 j 
267 37 375 455 603 987 
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TABLE 5. AUDITORY THRESHOLD AND FATIGUE FOR 
EACH ACTIVE ELECTRODE PAIRED WITH THE 
EUSTACHIAN TUBE GROUND USING A 
16,000 Hz SINUSOIDAL STIMULUS 





Electrode Threshold Fatigue 
Basal © Ay 0.23 V held for 60s 


3.00 V held for 25s 
3.30 V held for 16s 
3.50 V held for 26s 
4.00 V held for 13s 
4.50 V startle 


12.00 V could not perceive a 
steady tone 


Second turn LIY 


Helicotrema 5.0 V 


Thresholds were measured using a 16 kHz sinus- 
oid, pulsed on/off for 0.5 seconds with a rise/fall 
time of 20 ms. An up/down adaptive threshold pro- 
cedure was used. After establishing threshold, the 
level of the tone was increased slightly and the tone 
was switched on continuously. The tone was then 
increased in level as the patient fatigued to keep it 
at the just audible level for 60 seconds. Experiments 
were conducted with the basal, second turn, and 
helicotrema electrodes referred to the eustachian 


tube ground. 


The results are reported in Table 5. Stimulation 
at the basal coil electrode yielded no appreciable 
fatigue. However, both the second turn and helico- 
trema actives showed substantial fatigue. This fa- 
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tigue effect most likely relates to the limited number 
of neurons excited by these electrodes. Some of the 
tables and figures presented in subsequent sections 
of this paper present data only for the basal and sec- 
ond turn electrodes due to the severe fatigue effect 
at the helicotrema electrode. 


EQUAL LOUDNESS CONTOURS 


Equal loudness functions were derived using fre- 
quencies ranging from 25 to 5,000 Hz for the helico- 
trema and second turn actives paired with the eu- 
stachian tube ground and from 5 to 10,000 Hz for 
the basal coil active paired with the eustachian tube 
ground. The equal loudness contours were obtained 
using a 1,000 Hz sinusoidal referent adjusted to 
levels 1) just above threshold, 2) “medium 
loudness,” 3) “moderate loudness,” and 4) just be- 
low uncomfortable loudness. 


The results of the loudness matches are presented 
in Figure 8A-C for the basal coil, second turn, and 
helicotrema active electrodes, respectively. From 
the figure it can be seen that the general shape of 
the contours is the same across all electrodes, and 
that the shape does not change as the intensity level 
is increased. It is apparent that the dynamic range 
differs substantially across the electrode pairs. The 
equal loudness experiments produced a dynamic 
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Fig. 8. Equal loudness contours for the A) basal coil- 
eustachian tube, B) 2nd turn-eustachian tube, and C) heli- 
cotrema-eustachian tube electrode pairs. Functions were 
obtained over the 25 to 5000 Hz range using a 1000 Hz 
standard. @ - Just above threshold; # - Medium loudness; 
M@ - Moderate loudness; O - Just below uncomfortable 
loudness. 


MULTIPLE-ELECTRODE > 111 


s= 2nd 
TURN ACTIVE 
E. TUBE GROUND 
500 Hz 









BASAL ACTIVE = è = BASAL ACTIVE > 


as 
E. TUBE GROUND E. TUBE GROUND 
100 Hz 500 Hz 
as > 
= / 7 


fe 

2nd TURN ACTIVE 

E. TUBE GROUND 100 Hz | 
1 10 100 1000 
Intensity in Microamperes 


Perceived Loudness 








Fig. 9. Loudness growth at 100 and 500 Hz plottec as a 
function of current in peak-to-peak milliamperes for the 
basal coil-eustachian tube and 2nd turn-eustachian tube 
electrode pairs. 


range for the helicotrema active which was even 
more constricted than when standard threshold and 
uncomfortable level measurements were taken. It is 
interesting to note that in the normal ear, increas- 
ing signal amplitude has the effect of flattening the 
equal loudness contour, but this did not appear for 
electrical stimulation. 


LOUDNESS GROWTH FUNCTIONS 


Figure 9 presents growth of loudness for 100 and 
500 Hz tones over a range of stimulus intensities for 
the basal and second turn active electrodes paired 
with the eustachian tube ground. A doubling tech- 
nique was used to estimate loudness growth. The 
obtained loudness growth functions are very similar 
to those reported by previous researchers.” '” For all 
the functions, there is a gradually increasing por- 
tion which extends over the first doubling of per- 
ceived loudness, and then there is a very rapid 
growth in loudness as signal intensity is increased. 
In general, the functions differ very little ‘or the 
basal and second turn actives. However, as the level 
at which the functions were initiated was increased, 
the gradual tail portion of the functions decreased. 


INTENSITY DIFFERENCE LIMENS 


The intensity difference limens for the basal and 
second turn actives paired with the eustachian tube 
ground are presented in Table 6. The difference 
limens were measured at a most comfortable listen- 
ing level using a method of adjustment technique. 

TABLE 6. INTENSITY DIFFERENCE LIMENS IN 
MICROAMPERES AND WEBER FRACTIONS FOR TWO OF 


THE ELECTRODES PAIRED WITH THE EUSTACHIAN 
TUBE GROUND FOR SINUSOIDAL STIMULI 


Frequency (Hz) 





Electrode 100 300 500 750 2000 
AB—ETAI .33pA 1.7pA 1.4nA_ 5.0 pA 5.2 yA 
AM 205 .06 .02 .06 .05 
A2nd— ET AI 5.8yA 6.6yA 9.6 yA 40.0 pA 53.0 pA 
AAT - <i5 03 .02 0 .08 


NT - Intencity Aiffaranna limane. ATIT Yi) Se, pene Geer 


TABLE 7. PATIENT DESCRIPTION OF PITCH FOR 
TWO SINUSOIDAL STIMULI AT THREE 
+ TRACOCHLEAR STIMULATION SITES 


Stimulus 


Electri ees (Hz) Patient Description 


Basal/2nd fairn 100 Basal much higher than 2nd turn 
Basal/apiea. 100 Basal much higher than apical 
2nd turn/ apical 100 2nd turn higher than apical 
Basal/2nd turn 500 Basal higher than 2nd turn 
Basal/apiex 500 Basal much higher than apical 


2nd turn/apical 500 Same medium pitch 

From the table it can be seen that the intensity dif- 
ference Enen increased as frequency was increased. 
The just aoticeable difference in current was greater 
for the scond turn active electrode than for the 
basal tem active electrode. However, when the 
data are presented in the form of Weber fractions, it 
can be =n that with the exception of 100 Hz, large 
differernc2s between the basal active and the second 
turn ac‘ive are not present. It might be noted that 
the Weber fractions were more variable for the sec- 
ond tur% electrode than for the basal electrode. 


FREQUE® CY DISCRIMINATION STUDIES 


Frequency discrimination studies for the multi- 
ple-ele<-ode cochlear implant included experi- 
ments ewaluating rate or periodicity pitch, and 
place pich phenomena. All frequency and pitch 
measurements were made along an equal loudness 
contour. The importance of determining frequency 
and pitea perceptions using the equal loudness con- 
tour wes demonstrated in early pilot experiments. 
For exemple, when signal intensity was not taken 
into accsunt and our patient was asked to report 
which «cf two successively stimulated electrodes 
yielded =he highest pitch, using 100 or 500 Hz 
sinusoid: , it was relatively easy to rank the stimuli 
at the Dasal turn electrode as highest and those at 
the helscotrema as lowest and the second turn elec- 
trode es intermediate (Table 7). However, when 
this experiment was repeated with the stimuli ad- 
justed # equal loudness at the three electrodes, the 
task was very difficult, and no reliable ranking 


could be obtained. 


TabE-8 provides a summary of the frequency dif- 
ference imens for the basal and second turn active 
electrodes paired with the eustachian tube ground. 
The data were collected over three test sessions. A 
methoc of limits technique was used to establish 
differeace limens for frequency, and ascending and 
descend ng trials were averaged. From the table it 
can be seen that for both electrodes, frequency 
discrin mation is near normal at 75 Hz and then 
gets picgressively poorer as frequency increases. 
Overal. frequency discrimination was similar at 
both a=ive electrodes. An exception was in the 
region f 300 Hz, where the second turn active 
yieldec much poorer frequency difference limens 


than the basal turn active. The frequency difference 
Daa SI. Te, We, “ath . r . g 
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probably larger than would have been obtained if a 
method of constant stimuli had been used instead of 
a method of limits. In addition, we recognize that 
while we pooled the ascending and descending 
trials, there are substantial differences between 
ascending and descending frequency difference lim- 
ens, especially as the standard frequency is in- 
creased above 500 Hz."* 


The magnitude of pitch as a functicn of fre- 
quency of stimulation was measured using both the 
doubling technique and a direct magnitude estima- 
tion technique. The results of the multiplication or 
doubling method of estimating pitch growth for the 
basal and second turn actives paired wita the eus- 
tachian tube ground are presented in Figure 10A, B 
for standard base stimuli of 50, 100 and 300 Hz 
sinusoids. In general, pitch increases with fre- 
quency at about the same rate for both the basal 
and second tu.~> electrodes up to about 700 Hz, 
above which larger frequency increments were re- 
quired to achieve similar pitch doublings for the 
second turn electrode than for the basal electrode. 
This effect may be attributable to the ability of the 
larger basal coil electrode to maintain a more syn- 
chronous neural discharge at higher rates of 
stimulation than could the second turn electrode. 


In the second pitch matching experiment, the ef- 
fects of pulse repetition rate and place of stimula- 
tion on pitch magnitude were both evaluated. With 
the assistance of D. Eddington, an experiment was 
run whereby pitch ratings were obtained for 1 ms 
biphasic pulses having repetition rates of 100, 175, 
and 300 pulses per second (pps). The pulses were 
adjusted to equal loudness. Mean data for 27 trials 
under each frequency and electrode condition are 
presented in Figure 11 along with data reported by 





Fig. 10. Pitch ratings as a func- 
tion of frequency for the A) basal- 
eustachian tube and B) 2nd turn- 
eustachian tube electrode pairs. 
Base frequencies: @ - 50 Hz, W - 
-100 Hz, O - 300 Hz. 
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Eddington" for his most apical (1) and basal (6) 
electrodes. From the figure it can be seen that there 
was a consistent ranking of pitch, with the highest 
ranking corresponding to the most basal electrode 
and the lowest corresponding to the most apical 
electrode, at all pulse rates. In addition, for all elec- 
trodes, increases in pulse rate resulted in increase in 
perceived pitch. However, with the exception of the 
repetition rate of 100 pulses per second, the pitch 
ratings obtained at different electrodes by Edding- 
ton’s patient were much more distinctive than those 
we obtained. 


PERCEPTIONS OF LOW FREQUENCY STIMULI 


It was demonstrated that, for any given elec- 
trode, the limiting factor in pitch perception was 
the maximum neural volleying rate. However, rela- 
tively little was known about the perceptions that 
patients would have for extremely low frequency 
stimuli. An experiment was undertaken to deter- 
mine what our patient’s perceptions were for sinus- 
oids in the 5 to 80 Hz region. Stimuli were routed 
through a spectrum shaper to achieve an equal 
loudness condition for a 1,000 Hz stimulus at a com- 
fortable listening level. The tones were gated on for 
one second and off for 500 ms. The patient was al- 
lowed to listen to as many stimulus repetitions as 
necessary to formulate her description. The results 
of the experiment are provided in Table 9. The de- 
scriptions in Table 9 suggest that major transitions 
were made in the regions of 10 to 12 Hz, 12 to 15 
Hz, and 25 to 30 Hz. Interestingly, the transitions at 
which perceptual changes occurred for these elec- 
trical stimuli roughly correspond to those reported 
by normal-hearing listeners for low frequency 
tones. Wever and Bray’ reported that at 5 Hz nor- 
mal listeners perceived a high frequency pumping 


TABLE 8. FREQUENCY DIFFERENCE LIMENS FOR THE BASAL AND 2ND TURN ACTIVE ELECTRODES* 


50 75 
Session AB) (A2nd AB) ‘A2nd 
1 l ] 3 l 
2 l l 4 l 
3 l l <1! 2 
Mean l l p- l 


*All frequency difference limens rounded to the nearest 1 Hz. 


Frequency (Hz) 


100 300 500 
AB) (A2nd AB) (A2nd AB) (A2nd 
21 18 200 825 1080 750 
14 2 95 425 300 500 
5 8 60 625 380 400 
13 9 118 625 587 550 
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Fig. 11. Pitch magnitude estimates for the helicotrema, 
2nd turn, and basal active electrodes paired with a remote 
ground, at pulse repetition rates of 100, 175, and 300/s. 
For comparison, data obtained by Eddington'* under 
similar test conditions but using a different electrode array 
sai poanta for basal (No. 6) and apical (No. 1) elec- 
trodes. 


noise like “choo-choo.” Our patient perceived “chi- 
chi.” At 10 Hz the pumping was louder, faster, 
more definite, that is, the noise outlined particular 
pulses or blows when at a definite point in each cy- 
cle. At 12 Hz our patient reported “put-ta” which 
implies a similar compaction. At 15 to 17 Hz, Wev- 


TABLE 9. PATIENT’S DESCRIPTIONS 
OF LOW FREQUENCY SINUSOIDS 


Stimulus 
(Hz) Description 


5 “Chi-chi” (/t{I/) repeated over and over like birds 


7 “Chi-chi” (/t{I/) faster and running together (ike a 
car starting 


10 “Chi-chi” (/t{I/) faster like car about to turn over 
12 “Put-ta, put-ta” (/PAtA, PAtA/), etc 

15 Medium pitch motor idling 

16 Smoother motor, same pitch 

20 Smoother motor, same pitch 

25 Smoother motor, same pitch, faster 

30 Buzz of medium pitch 

35 Buzz of medium pitch 

40 Buzz of medium pitch 

45 Buzz getting faster, medium pitch 

50 Buzz getting faster, medium pitch 

55 Buzz getting faster, medium pitch 

60 Smooth buzz a little above medium pitch 

65 Faster and smoother, pitch not much different 
70 Higher pitch but still a buzz 

75 About the same pitch buzz 

80 Higher pitch but still a buzz 


TAI LE 10. WORD AND STRESS IDENTIFICATION 
SCOR=5* FOR MULTIPLE- AND SINGLE-ELECTRODE 
STIMLALATION USING EUSTACHIAN TUBE GROUND 


Electreaes Filter Mean Range 





Activctad Bands* Word Stress Word Stress 
Helicotr=ma Low, l 
2nd turs middle & 10 19 8-20 18-24 
Basal high 
2nd turr Middle & 12 16 9-14 16-16 
Basal high 
2nd turr Middle 6 16 6-6 16-16 
Basal High 8 18 6-9 17-18 
Basal Broad 10 19 10-10 18-19 


*Mono%-{lable-Trochee-Spondee Test. 


tFilter kands: High = 1500-3000 Hz, Middle = 750-1500 Hz, Low = 
200-750 Ez 


er and Eray found a sensation they called “thrusting 
effect” which was likened to loose bearings or pis- 
tons. This phenomenon was not reported by our pa- 
tient, »hich seems reasonable, since Wever and 
Bray hypothesized that the effect was due to a mid- 
dle ear artifact. At 25 Hz, Wever and Bray found a 
definite tonal component, as we did. Both Wever 
and Bray and our patient reported that as frequency 
increased up to 60 Hz, the pitch increased, but a 
rough ər buzz-like quality persisted. 


Prokably the most significant information from 
the preceding comparison relates to the origin of ex- 
tremel- low frequency perceptions. Wever and 
Bray Iypothesized, for example, that the percep- 
tions ix the region of 15 to 20 Hz were attributable 
to acti~ities of middle ear structures. Our data lend 
suppor to this hypothesis since our patient did not 
experience the “thrusting effect.” Bekesy reported 
that frequencies of 10 Hz or less were perceived as 
tactile stimuli, while 20 Hz or more were perceived 
as auditory.” However, since our patient was 
stimulə æd electrically, it is unlikely that external or 
middle 2ar structures played an important role in 
the perceptions elicited. We would also note that no 
vestibular responses were felt even to the very low 
frequeacy stimuli used in the present experiment. 
Thus, tis more likely that the auditory perceptions 
obtained below 20 Hz reflected the transition from 
neural asynchrony to synchrony. Bekesy further 
elaborated on the importance of low frequency 
stimul: “or understanding the quantal character of 
the nearal processes. He reported that this quantal 
proper-* was most clearly demonstrable at 18 Hz 
where -here was an increase in loudness and a fused 
tonal sensation. Our data support this conclusion 

TABL= 11. SPONDEE IDENTIFICATION SCORES FOR 


MULTELE- AND SINGLE-ELECTRODE STIMULATION 
JSING THE EUSTACHIAN TUBE GROUND 


Electrcies Filter 

Activa ed Bands* Mean Range 
Helicotr ma Low, 
2nd turr middle & 9 (50%) 8-10 
Basal high 
Basal Broad 10 (56%) 9-11 


*Filter s=nds: High = 1500-3000 Hz, Middle = 750-1500 Hz, Low = 200- 
750 Hz. 
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Fig. 12. Block diagram of the signal processing and 
coupling used in the wearable multiple-channel stimu- 
lator. 


since our patient reported a medium pitch motor 
idling at 15 Hz but no pitch associated with the 12 
Hz stimulus. 


COMPLEX SOUND DISCRIMINATION 


Our clinical experiences have demonstrated 
clearly that there is a significant learning effect 
with electrical stimulation that is very marked over 
the first several months, and then continues to occur 
even after years. Therefore, it was decided that a 
wearable multiple-channel stimulator stould be 
constructed for this patient and that evaluations of 
environmental sound and speech perception should 
take place after some period of stimulation. 


In Figure 12, a block diagram of the multiple- 
channel stimulator system is presented. The signal 
processor divides the speech spectrum into three 
pass-bands, 200 to 750 Hz, 750 to 1500 Hz, and 
1500 to 3000 Hz, routing the output of these pass- 
bands to separate 16 kHz modulators and limiters, 
and then transformer-coupling the modulated 16 
kHz to the respective helicotrema, second turn, and 
basal turn electrodes. Essentially the same signal 
processing was used as in the standard single-chan- 
nel House-Urban stimulator, with the exception of 
some prefiltering which was designed to provide 
carrier modulation at rates most appropriate for the 
place of the various electrodes in the cochlea. 


Tables 10 to 13 present the results of speech and 
environmental sound discrimination tests which 


TABLE 12. NORTON RHYME TEST SCORES FOR 
MULTIPLE- AND SINGLE-ELECTRODE STIMULATION 
USING THE EUSTACHIAN TUBE GROUND 


Electrodes Filter 

Activated Bands* Mean Range 
LL Mean Rage 
Helicotrema Low, 
2nd turn middle & 24 (48%) 22-27 
Basal high 
2nd turn Middle & 24 (48%) 22-25 
Basal high 
2nd turn Middle 18 (36%) 17-19 
Basal High 19 (38%) > 17-21 
Basal Broad 30 (60 % ) 29-31 


"Filter bands: High = 1500-3000 Hz. Middle = 750-1500 Hz, Low = 200- 


750 Hz. 


TABLE 13. HRRC ENVIRONMENTAL SOUNDS TEST 
SCORES FOR MULTIPLE- AND SINGLE-ELECTRODE 
STIMULATION USING THE EUSTACHIAN TUBE GROUND 


Electrodes Filter 


Activated Bands* Mean Range 


Helicotrema Low, 

2nd turn middle & 14 (70%) 14-16 
Basal high 

2nd turn Middle & 14 (70%) 14-15 
Basal high 

Basal Broad 14 (70%) 11-17 


"Filter bands: High = 1500-3000 Hz, Middle = 750-1500 Hz. Low = 200- 
750 Hz. 


were obtained under a variety of multiple- and 
single-electrode stimulation conditons. All condi- 
tions used the eustachian tube ground. In Table 10, 
the results of the Monosyllable-Trochee-Spondee 
Test?™" are presented. All stimuli were presented at 
comfortable listening levels. It should be noted that 
activation of the basal coil electrode was done using 
both high-pass-band and broad-band (200 to 3,000 
Hz) filter systems. The inclusion of a broad band of 
stimulation on the basal coil electrode paired with 
the eustachian tube ground made it possible to com- 
pare the results obtained in the various multiple- 
channel modes directly with what could be achieved 
using a standard House-Urban single-electrode, 
single-channel system. From Table 10 it can be seen 
that word recognition scores were best for 2-chan- 
nel stimulation (second turn, basal), with nearly 
equivalent performance from the 3-channel multi- 
ple-electrode scheme and the broad-band basal 
electrode stimulation. Word recognition scores in 
the vicinity of 10 to 12 out of a total of 24 possible 
are consistent with what are normally attained by 


- single-channel cochlear implant patients. The best 


stress recognition was obtained using the 3-channel 
and the single-channel broad-band modes of stimu- 
lation. Stress discrimination scores of 19 out of 24 
are within the range usually achieved by single- 
channel cochlear implant users. 


In Table 11 the results of a spondee identification 
test are reported. The task required the patient to 
select the correct spondee from a closed set of six 
spondees, each repeated three times. Stimulation 
using the multiple-electrode, multiple-channel Sys- 
tem yielded scores which were slightly poorer than 
those obtained using broad-band stimulation at the 
basal electrode only, although this is clearly not a 
significant difference. Similar performance was ob- 
tained with the Norton Rhyme Test, a 4-alternative 
choice, 50-item monosyllabic word test. From 
Table 12 it can be seen that broad-band stimulation 
on the basal coil alone yielded the highest score 
(60%), followed by the multiple-electrode combi- 
nations. The poorest performance was obtained 
from a limited band-width stimulation of either the 
basal or second coil electrodes. 


Table 13 presents the results of the HRRC Envi- 
ronmental Sounds Test for the single- and multiple- 
channel stimulation conditions. Performance across 
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all conditions was the same, roughly 70% , which is 
consistent with performance achieved usimg a 
standard House-Urban stimulator and single-elec- 
trode system. 


In general, the results for speech tests and en- 
vironmental sounds tests do not suggest any signifi- 
cant advantage was obtained from multiple-elec- 
trode, multiple-channel stimulation as compared to 
single-channel, single-electrode stimulation when a 
broad frequency band is used to active the single 
channel. Limiting the frequency band to any of the 
electrodes did reduce performance as compared to 
broad-band or multiple-band stimulation. This is to 
be expected since even though our patient did not 
demonstrate strong place-specific frequency per- 
ceptions, timing and intensity cues were detected 
over the full range from 200 to 3000 Hz. Thus, high 
frequency cues that are related to intensity or tim- 
ing would be eliminated if only low-pass bands 
were used for stimulation. 


Although no significant difference could be dem- 
onstrated between multiple-channel stimulation 
and single-channel stimulation with a broad-band 
signal in the laboratory, the patient subjectively felt 
that both speech and environmental sounds were 
perceived with greater clarity and were more easily 
recognized in daily use with the multiple-elec-rode, 
multiple-channel stimulation mode. There may be 
qualitative differences that are not easily measured 
with our standard tests. 


SUMMARY 


In summary, this paper has presented some of the 
recent electric and perceptual results obtained with 
a multiple-electrode cochlear implant. The multi- 
ple-electrode array consisted of three active elec- 
trodes implanted in the cochlea and four grounds 
implanted external to the cochlea. In general, im- 
pedance functions were similar in shape for all elec- 
trodes, although the absolute magnitude of the im- 
pedance was highest with the apical electroce and 


lowest with the basal coil electrode. It is also noted 
that imp=ciance functions obtained using intracoch- 
lear eleetwode pairs were generally higher than 
those ob ained using an intracochlear active and an 
extracoc year ground. 


Electr cal thresholds were lowest for the basal 
coil elecmde and highest for the helicotrema elec- 
trode. Dymamic ranges were correspondingly larg- 
est for tLe basal coil electrode and smallest for the 
apical or helicotrema electrode. Equal loudness 
contours were found to be similar in shape for all 
active exctrodes and did not change shape as a 
function of stimulus intensity. Loudness growth 
functions were similar to those reported by previous 
researchers, with a gradual loudness increase in the 
vicinity ef threshold and rapid increases in loudness 
with reatively small intensity changes above 
threshold. Both periodicity and place pitch were 
demonst-ated. Periodicity pitch was near normal at 
very low fmequencies, with progressive deterioration 
and pract_cally no frequency resolution beyond 500 
Hz. Plac pitch phenomena were present, although 
at stimu-ation rates above 100 Hz the effect was not 


marked. 


The results of speech and environmental sounds 
tests did not reveal performance to be superior with 
the muliple-electrode, multiple-channel system as 
comparec to a single-channel broad-band system. 
Overall, the results obtained to date with this multi- 
ple-charmel system are similar to those reported by 
House et al® for earlier multiple-channel systems. 


POSTSCFI°T 


Following this series of studies, the hard-wired 
percutaaeous plug was disconnected from the elec- 
trodes aad replaced by three of our standard induc- 
tion cois. That is, the patient now has totally im- 
planted hardware. Testing is continuing to deter- 
mine if a signal processing scheme can be devised 
which wall provide better speech discrimination us- 
ing the multiple-channel system. 
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HEARING BY COCHLEAR NUCLEUS STIMULATION IN HUMANS 
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Many bilaterally profoundly deaf individuals cannot benefit from a cochlear in plant because the eighth nerve is not intact from the 
cochlea to the brainstem. This paper provides the results of preliminary investigatiors into the effects of direct electrical stimulation of the 
cochlear nucleus in one patient. Results of intensity, frequency, and speech perceptioa tudies are reported. In general, performance is very 


similar to that obtained from single-channel cochlear implant patients. 


Twenty years of effort have now made possible 
the reliable restoration of limited hearing ir the 
totally deaf through the cochlear implant. This de- 
vice, obviously still in the early stage of develop- 
ment, is designed to stimulate an anatomically in- 
tact but functionally damaged cochlea and auditory 
nerve. It is now established that in most cases of 
total deafness the problem is primarily at the hair 
cell level and most patients have some degree of sur- 
vival of spiral ganglion nerve fibers.'~4 


Apparently only a few fibers of cochlear nerve 
are necessary for stimulation to give a sensation of 
sound.® Some patients, however, have total bilat- 
eral loss of the auditory nerve due to such conditions 
as severe meningitis with total calcification of the 
inner ear, congenital inner ear agenesis (Michel de- 
formity) and bilateral acoustic tumors. 


This paper records the first attempt at chronic 
electrical stimulation of the ventral cochlear nu- 
cleus in a patient totally deafened by bilateral 
acoustic tumors. 


PREVIOUS CENTRAL AUDITORY STIMULATION 
EXPERIENCE IN HUMANS 

In 1964 Simmons stimulated the cochlear nerve 
in a patient undergoing removal of a recurrent 
cerebellar tumor. The patient had had one 
cerebellar hemisphere removed and subsequently 
developed hydrocephalus. He had normal hearing. 
Before surgery he was instructed in listening to 
various sounds such as those produced by scuare 
waves and sawtooth waves. At surgery with use of 
local anesthesia a small recurrent tumor was re- 
moved. Previous removal of the cerebellar 
hemisphere made the floor of the fourth ventricle 
and the eighth nerve clearly visible. A bipolar elec- 
trode with the tips spread 4.5 mm was applied to 
the cochlear nerve, and 2.5 ms square wave biphas- 
ic stimuli of various frequencies were applied at a 
2V level. The patient reported sound sensations 
similar to the square wave sounds he had heard dur- 
ing the auditory training on the previous day. As 
stimulation rates varied between 20 and 4,000 Hz. 
the patient reported a sensation of higher pitch with 
increasing stimulation rates. Stimulation of the in- 


ferior col culus, also visible in the same surgical 
field, gav= no auditory sensation. 


Chron stimulation of the auditory cortex to pro- 
duce hea-img is difficult in humans. The principal 
reason is anatomic. The primary auditory cortex 
projectiom areas are areas 41 and 42 on the opicular 
surface o che superior temporal gyrus. These areas 
are deep x the sylvian fissure and to visualize them 
the sylvian fissure must be widely spread. The mid- 
dle cereb-al artery courses through this fissure, and 
damage » the branches of this artery by surgical 
manipulet.on could cause serious neurologic deficit 
from bra » infarction. 


Direct stimulation of central nervous system 
structure: is possible in humans. We therefore de- 
cided to “ry ventral cochlear nucleus (VCN) stimu- 
lation in one patient who had bilateral acoustic 
tumors. 


AREA OF THE COCHLEAR NUCLEUS 


The area of the cochlear nucleus is frequently vis- 
ualized Guring acoustic tumor surgery through the 
translabya nthine approach.’ The acoustic recess is 
seen as a pocket flanked by cerebellum, pons, and 
medulla. The acoustic nerve enters the recess, Cov- 
ered dorsxly by cerebellar flocculus and terminates 
on the la-eral surface of the medulla at its junction 
with the pons.® 


The cechlear nuclei are included among struc- 
tures supaiied by the anterior inferior cerebellar ar- 
tery, or æ aberrant or collateral branches of the 
superior >r the posterior cerebellar arteries; the pat- 
tern of s ply by the cerebellar arteries may vary 
considerekly. The anterior inferior cerebellar ar- 
tery, wit? variable tributaries, can be seen extend- 
ing along the cochlear nerve into the acoustic recess. 
The anterior inferior cerebellar artery must be 
avoided during surgery since occluding it can result 
in tinnitus, ipsilateral total deafness, and slight im- 
pairment of hearing on the opposite side.®'° 


Tsuchitani'' and Kane” published excellent 
reviews ef the morphologic and electrophysiologic 
studies œf the primary afferents and the cochlear 
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nucleus cells. These reports indicate that at the 
VCN the primary auditory nerve afferents and their 
nuclear synapses seem to be excitatory (as con- 
trasted to inhibitory). This would favor direct elec- 
trical stimulation to activate the central auditory 
pathways. 


The cellular architecture of the cochlear nuclei in 
the human has been described.'*''* The various cell 
types tend to be concentrated in certair regions of 
the nuclei, but unlike lower animals they are inter- 
mingled considerably.'* The major divisions of 
human cochlear nuclei are dorsal (DCN), inferior 
ventral (IVCN), and superior ventral (SVCN). The 
spheroid cells, of particular importance to hearing, 
are large, spherical to ovoid cells, and are the most 
numerous of the cell types. These cells receive the 
synaptic terminals of the majority of semsory coch- 
lear nerve fibers. Injury of the spheroid cells is the 
pathologic basis of sensorineural deafness of central 
origin. Comparable to the situation in the cochlea, 
where a tonotopic frequency pattern has been dem- 
onstrated, such a gradient has been confirmed in 
the human superior ventral cochlear nucleus: low 
frequencies ventral to high frequencies dorsal.'® 


The optimal site for electrical stimulation is over 
the SVCN. However, direct access to the spheroid 
cells is limited due to overlying DCN and pontine 
tissue. The point at which the cochlear nerve enters 
the brainstem, the hilum, provides the best access 
and was chosen as the place of electrode implanta- 
tion in this first patient. 


CASE REVIEW 


The patient, when first examined in 1964, was a 31-year-old 
employee of a grocery market. Three years previously she had 
noted a bilateral sudden loss of hearing accompanéd by a right- 
sided facial weakness. She attributed these symptoms to severe 
emotional strain. The hearing in the left ear returned and the 
right facial paralysis disappeared, but total right hearing loss re- 
mained. Family history revealed that her mother hed had “tumor 
along her spine.” 


Temporal bone x-ray films showed a large righ: canal. Pant- 
opaque studies showed a l-cm right acoustic tumor. A filling 
defect of the left internal auditory canal was not sound. At this 
time we were using only fluoroscopic studies. It is possible, 
therefore, that a very small tumor in the left internal auditory 
canal could have been missed. 


In July 1964 the tumor was totally removed through a transla- 
byrinthine approach. A slight facial weakness cleared in about 
two months. The patient was seen yearly until 1973 when she 
moved out of town. On each visit she reported unsteadiness when 
tired and when in the darkness. A trial of medical management of 
allergy was of no help. In retrospect it is possible that an inferior 
vestibular tumor was developing on the left at that t-me. 


In 1976 her local ENT specialist referred her back to us because 
of an episode of hearing loss in the left ear. There had been several 
episodes of fluctuation of hearing. Examination showed her hear- 
ing to be at a 57 dB level with 46% speech discrimination. Elec- 
tronystagmography (ENG) showed total loss of vestibular func- 
tion. Computerized axial tomography (CAT) scan showed a 2-cm 
left acoustic tumor and a 1'/,-cm tumor in the right cerebellopon- 
tine angle. 


The diagnosis now was von Recklinghausen disease. The right 
tumor could have been a recurrence but more like y was a new 


tumor on a nerve other than the eighth. Previous experience was 
that partial removal of acoustic neuromas in von Recklinghausen 
cases has resulted in total hearing loss. Linthicum attributed this 
result to the multicentric origin of these tumors.'’? This causes 
acoustic nerve fibers to be dispersed throughout the tumor rather 
than to remain outside along the capsule. 


The feeling was that neither tumor at this time was large 
enough to be life-threatening. Therefore, to preserve the residual 
hearing as long as possible, the top of the internal auditory canal 
on the left was unroofed to allow room for tumor expansion and 
release pressure on the acoustic nerve fibers. After this procedure 
in October 1976, the patient’s hearing improved slightly and 
stabilized at 48 dB and 88% speech discrimination. In 1'4 years, 
however, the speech discrimination began to drop. A CAT scan 
showed slight enlargement of the left tumor. 


In May 1979, the patient’s hearing was totally gone except for a 
response at 80 dB at 250 Hz. The CAT scan revealed considerable 
enlargement of the left tumor and early hydrocephalus. The right 
tumor had remained the same size. Total translabyrinthine re- 
moval of the left tumor was therefore recommended. 


The patient accepted the recommendation and was asked if she 
would try an electrode placement to the left VCN. She was told 
that this had never been done before and therefore the risk was 
largely unknown. The principal risk was increased chance of 
postoperative infection. She was told that if it occurred, the elec- 
trode would have to be removed. She was also told that we did 
not know if she would gain any hearing from the electrical 
stimulation through the electrode and, if sound sensation oc- 
curred, what it would sound like. The implanted electrode was 
constructed of 7 mil platinum wire terminating at fired 0.5 mm 
balls. The electrodes were insulated with silicone tubing up to the 
ball. The ball terminals were separated by 1.5 mm. 


On May 24, 1979, through a translabyrinthine approach, the 
left acoustic tumor was totally removed with preservation of the 
facial nerve. The time of surgery, from incision to total control of 
bleeding in the tumor bed, was three hours ten minutes. The 
choroid plexus, the posterior inferior cerebellar artery, and the 
remnant of the acoustic nerve just inferior to the pons at the open- 
ing of the foramen of Luschka were easily visualized. The surgeon 
inserted the terminals of the electrode into the area of the VCN by 
gently pushing them through the ependyma overlying the nu- 
cleus. The 15 cm of insulated wire were led out through the mas- 
toid cavity and secured to the bone by a 4-0 silk suture placed 
through a hole in the bone. The ends of the wire were brought out 
through the incision. The entire placement took approximately 
ten minutes. 


The total surgical time was three hours 38 minutes. Estimated 
blood loss was 800 ce with 0.47 | replacement. The patient re- 
sponded well on the operating table and was transferred to the in- 
tensive care unit. She had a 30% facial weakness but was able to 
totally close her left eye. An arterial line used for blood pressure 
monitoring during surgery was left in place. There had been no 
vital sign changes during surgery. 


The following day the patient was alert and stable with no in- 
crease in facial weakness. She complained of some headache. 
With her consent she was returned in her bed to the operating 
room for testing. The operating room was selected as the place of 
testing since it had the proper electrical isolation systems to insure 
patient safety. 


During electrical testing the patient’s blood pressure was con- 
stantly monitored through the arterial line placed the day before. 
Pulse and respiration were also monitored. No significant fluctua- 
tions in these measures were noted. 


IMPEDANCE MEASUREMENTS 


Method. Impedance magnitude of the bipolar 
electrode was measured using a variable resistor in 
series between a sine wave source and the electrode 
pair. At each test frequency, the series resistance R, 
was adjusted so that the magnitude of the voltage 
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TABLE 1. IMPEDANCE DATA FOR THREE TEST SESSIONS 
USING STIMULI FROM 90 TO 18,500 Hz 


—————————— A 
Frequency (Hz) Session ] Session 2 Session 3 


90 38 50 156 

250 — -— 124 

500 — — 98 
1,000 10 22 81 
10,000 — — 21 

16,000 9 7 17 
18,500 — 6 — 


applied to the electrode pair was one half the source 
voltage. If Z represents electrode pair impedance, 
then the applicable relationship from which Z may 
be determined is: 


Zi _ | 
R, + £ 2 

In general, for the above procedure, impedance 
magnitude will be somewhat less than R,. However, 
if the reactive (capacitance) camponent is not too 
large, the difference between /Z/ and R, will not ex- 
ceed a few percent. This situation prevails for elec- 
trode impedances such that the value of R, can be 
interpreted as /Z/ within experimental error. 


Results. Impedance data were collected one day, 
one week, and one month following surgery 'ses- 
sions 1, 2, 3 respectively) with use of sinusoids from 
90 to 18,500 Hz. As seen in Table 1, for all sessions 
R, was greatest at low frequencies and decreased 
with increasing frequency. The general shape of the 
impedance function for the VCN implant was prob- 
ably determined by the electrodes used. For sessions 
l and 2 the impedance of the implanted electrodes 
decreased at a rate of about 14 dB per octave over 
the most linear portion of the function (100 to #000 
Hz). The impedance function of a similar electrode 
derived in physiological saline decreased at a rate of 
about 11 dB/octave over the same frequency range. 
These findings are consistent with those of Spelman 
et al'® and suggest that the electrode system alone 
contributed significantly to the observed frequency- 
dependent effects. 


Table 1 also reveals a significant increase in im- 
pedance magnitudes over the test sessions. Although 
it is not clear what caused this increase in electrode 
impedance, some of the change could be attributed 
to a shift in the position of the electrodes. During 
the period that the impedance data were collected 
for session 3, significant amounts of auditory 
threshold fatigue were measured. Also, some sensa- 
tions of feeling, ie, twitching, were reported in the 
leg contralateral to the implant at moderate stimu- 
lus intensity levels. 


ELECTRICAL THRESHOLD AND DISCOMFORT LEVELS 
Method 


EQUIPMENT. Electrical thresholds (ET) and elec- 
trical discomfort (ED) levels were measured with 
use of sinusoidal stimuli generated by a waveform 


synthesizer (Wavetek model 186) and shaped and 
timed by a logic control system (Coulbourn series). 
A rise/fall fime of 10 ms was used to avoid detection 
of on-off -ransients. Stimuli were gated on for 500 
ms and o£ for 300 ms, and were presented in triads 
to eliminet= patient confusion due to tinnitus. Fre- 
quency was monitored continuously with a digital 
frequency eounter (Fluke 9000). Stimulus level was 
controllec by routing the shaped signal to a variable 
amplifier (Crown 075) and then to a half-decibel 
step attenuator (Shallco Custom) before termina- 
tion at the electrode leads. An oscilloscope (Tek- 
tronix D-5; 5A-18N; 5B-12N) monitored the signal 
at the ele~rode leads; all intensity measurements 
were mac= in peak-to-peak voltage from the oscil- 
loscope display. 


The patient was instructed to raise a finger to in- 
dicate when she could “just detect” the presence of 
the triadie pattern of test stimuli. Initially the pa- 
tient required some training for the ET measure- 
ments. Traning consisted of pairing the visual rep- 
resentation of the test signal displayed on the oscil- 
loscope wta the auditory stimulus. 


THRESHCLD MEASUREMENTS. All threshold measure- 
ments were made with use of an up-down adaptive 
procedure ® Measurements began with an ascend- 
ing (half-cecibel step) trial to determine the region 
of ET. Threshold was defined as the level at which 
signals wee audible for 3 of 5 trials. Thresholds and 
EDs were »otained for 50, 90, 250, 500, 1000, 2000, 
4000, 10,00, and 16,000 Hz sinusoids (not all tones 
were presented during every test session). 


THRESHGLD OF DISCOMFORT. Thresholds of discom- 
fort were established with use of an ascending 
method of adjustment technique. The signal levels 
were dete-mined with use of a patient-controlled 
half-decib=| step attenuator. The patient was in- 
structed tc adjust the attenuator setting to “a level 
that wou not be tolerable for more than five 
minutes.” The patient was urged to work slowly 
and not increase the signal to a painfully loud level. 
The stimulus (5000 ms on, 300 ms off) was im- 
mediately turned off when the patient indicated 
discomfort. The ED was taken as the median of 
three trials. 


Results. Table 2 presents ETs and EDs in peak- 
to-peak vcl:age for the frequencies 50, 90, 250, 500, 
1000, 2008. 4000, 10,000, and 16,000 Hz. The table 
presents Gata chronologically from the first to the 
last test sesions. It is apparent that ETs and EDs 
are greate- at the low and high frequencies than at 
the middE frequencies. The frequency/sensitivity 
dependenee is most likely the result of impedance 
and neurenal membrane characteristics. Table 1 
showed thet impedances (R,) were highest for the 
low frequencies and lowest for the high frequencies. 
Thus, at tz lowest frequencies greater input volt- 
ages were required to maintain a current capable of 
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TABLE 2. THRESHOLDS AND ELECTRICAL DISCOMFORT IN PEAK-TO-PEAK MILLIVOLTS FOR SINUSOIDAL STIMULI 
PRESENTED DIRECTLY TO THE VENTRAL COCHLEAR NUCLEUS VIA AN IMPLANTED ELECTRODE 


Date* Frequency (Hz) 
1979 50 90 250 500 1000 2000 4000 16,000 
ET ED ET ED ET ED ET ED ET ED ET ED ET ED ET ED 
5/25 1300 2000 600 1200 26) 400 200 400 230 550 390 580 380 580 1400 2200 
5/31 — — 650 2500 —- — 280 640 300 700 400 1100 600 1000 1100 2200 
6/27 — — 900 2900 — — 520 — 580 1520 500 — — — 1740 4150 
6/29 — — 850 2200 450 1500 410 1500 450 1400 540 1750 — — 1800 5200 
7/03 — — 880 2800 4®) 1500 500 1800 600 2200 680 2650 —- — 2350 6000 


* Measurements span the time from the first stimulation to the point at which experimental studies were terminated. 


ET - Electrical threshold; ED - Electrical discomfett. 


exciting neural elements. The current level required 
for threshold excitation at low and middle stimula- 
tion frequencies was approximately 42 uA. Table 2 
shows that, although the impedances were least at 
16,000 Hz, the voltages required for threshold were 
higher than at any other frequency. Tis could be 
attributable to charge-dependent neural membrane 
properties that develop at high frequemcies requir- 
ing significantly greater currents to achieve excita- 
tion.”° 


Table 2 also shows that thresholds (voltages) in- 
creased substantially over time. Table 1, however, 
shows that impedances also increasec over time. 
Thus, the data in Table 2 alone do no- allow us to 
ascertain if threshold changes were lixely to have 
been caused by perceptual accommodetion, neural 
degeneration, electrode migration, ele=trode-tissue 
interface breakdown, or other conditions. Table 3 
provides some approximations of current levels re- 
quired for stimulation at the frequencies from 50 to 
16,000 Hz for sessions 1, 2, and 3. Thresholds (pA) 
were nearly identical for sessions 1 and 2 except at 
16,000 Hz, where a higher current was required for 
session 2. Thus, it is not likely that voltege threshold 
changes were attributable to any large scale reduc- 
tion in the number of stimulable neural fibers. On 
the other hand, session 3 required current levels 10 
to 20 „A lower than either session 1 or 2 at all test 
frequencies. This finding supports the hypothesis 
that the electrode may have migrated way from its 
original position. 


PITCH PERCEPTION 
Method 


EQUIPMENT. Two oscillators (Wavetek 186; Wave- 
tek 185) were set to equivalent output voltages and 
routed to the Coulbourn logic system for shaping 
(rise/fall=10 ms) and timing. Their frequencies 


were monitored independently by two frequency 
counters (Fluke 9000). The outputs of the two 
rise/fall gates (Coulbourn) were led to the input of a 
mixer/amplifier (Coulbourn) and then routed to a 
spectrum shaper (B & K 5612) and terminated at 
the patient’s electrodes. The spectrum shaper was 
used to establish an approximation to an equal 
loudness contour. The standard (S) and comparison 
(C) tones were alternated with a l-second on-time 
and a 500 ms interstimulus interval. The S and C 
were calibrated to have identical rise/fall and on- 
times by an oscilloscope with memory (Tektronix). 


PROCEDURE. A two-step procedure was used to 
measure the difference limen for frequency. First, 
an equal loudness contour was established to reduce 
the confusion between loudness-induced pitch or 
quality changes and frequency-specific effects.?!?? 
An equal loudness function was established with use 
of a 1000-Hz referent presented at a level judged 
“comfortably” loud by the patient. A spectrum 
shaper was then used to achieve an approximation 
of the loudness contour. Second, frequency discrim- 
ination testing was done with use of standard tones 
of 250 and 500 Hz. The patient was given the in- 
structions: “Two tones will be alternated. Ignore 
differences in loudness and indicate if the tones are 
the same or different in pitch.” A method of limits 
procedure was employed. Ascending and descend- 
ing trials were averaged to derive frequency limens. 
The initial ascent or descent was begun well beyond 
the point at which the frequency limen was antici- 
pated based on practice trials. 


Results. Table 4 presents the ascending, descend- 
ing, and grand mean difference limen along with 
the Weber fraction for the grand mean difference 
limen. Frequency discrimination was generally 
poor, with discrimination at 250 Hz better than 


TABLE 3. PEAK-TO-PEAK CURRENT LEVELS IN MICROAMPERES REQUIRED TO OBTAIN 
BEHAVIORaL THRESHOLDS FOR SINUSOIDAL STIMULI 


Frequency (Hz) 


Session * 50 90 250 
l 33 16 13 
2 — 18 -— 
3 -— 6 4 


*Testing performed on 3 different days. 


500 
11 
15 

5 


1000 2000 4000 16,000 
23 39 42 1561 
26 42 — 249 

7 10 -— 138 
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TABLE 4. FREQUENCY DIFFERENCE 
LIMENS AND WEBER FRACTIONS FOR THE 
STANDARD TONES OF 250 AND 500 HERTZ 


Mean Mean 
Reference Ascending Descending Grand Grand 
Frequency Trials Trials Mean Mean 
Hz Hz Hz Hz Aff 
250 30 170 86 34 % 
500 263 348 261 52% 


that at 500 Hz. The difference limens of 86 Hz and 
261 Hz for standards at 250 and 500 Hz respectively 
can be contrasted to difference limens of 5 Hz for 
normal ears over the frequency range from 200 to 
2000 Hz.>-5 The difference limens obtained by 
VCN stimulation were also poorer than researchers 
have reported for electrical stimulation at the coch- 
lea. Simmons et al”* have reported difference limens 
on the order of 6 to 15 Hz in the region of 200 Hz. 
They state that the upper limit of frequency 
discrimination in cochlear or eighth nerve (modio- 
lar) stimulation is about 350 to 400 Hz. Dillier et 
al” found a frequency limen of about 3 Hz for a 
loud 200-Hz standard and frequency limens of 50 to 
75 Hz for a medium and soft 500-Hz standard. 
Walker reported that Weber fractions were 10 to 
20% of the standard for frequencies up to 350 Hz.”* 
Helmerich and Edgerton found frequency limens 
on the order of 5 Hz at frequencies of 100 Hz or 
below. As frequency increased, the frequency limen 
also increased, resulting in ummeasurably wide 
limens beyond 1000 Hz.” 


Table 4 also reveals a methodological problem 
that can occur when an ascending/descending mea- 
surement procedure is used near the limits of a per- 
ceptual continuum. Note that the ascending trial 
frequency limen for the 250-Hz standard was about 
six times smaller than the descending frequency 
limen; the effect was present, but less pronounced, 
for the 500-Hz standard. Thus, to obtain a clear in- 
dication of a patient’s ability to discriminate pitch, 
grand mean data should not be presented alone. 
That is, the results of ascending and descending 
trials should be provided in addition to the grand 
means. 


LOUDNESS PERCEPTION 
Method 


EQUIPMENT. Difference limens for intensity, and 
loudness growth were measured. Standard (S) and 
comparison (C) were generated from a single audio 
oscillator (Wavetek 186). The oscillator output was 
shaped (rise/fall = 10 ms) and then split. The split 
signals were led to independent channels of an 
amplifier (Crown 075). One channel was further 
routed to a patient-controlled half-decibel step at- 
tenuator (Shallco) and then both channels were 
mixed (Coulbourn $82-24) and terminated at a pair 
of electrode clips. The mixed output voltage was 
monitored continuously on an oscilloscope (Tek- 
tronix D-15, 5A-18N, 5B-12N). Frequency was 


TABLE 5. VENTRAL COCHLEAR NUCLEUS INTENSITY 
DIFFERENCE LIMENS IN MICROAMPERES AND 
WEBER FRACTIONS FOR SINUSOIDAL STIMULI 


Stimulus VCN VCN 


Hz AI (pA AI/I(% 
90 1.8 17 
500 0.3 2 
1000 0.3 5 
2000 0.6 2 


VCN - Ventral cochlear nucleus; AI - Difference limens. 


monitored continuously by a frequency counter 
(Fluke 190CA). 


PROCEDURE. Difference limens for intensity were 
measured by use of standard reference tones of 90, 
250, 500, 1000, and 2000 Hz. A method of adjust- 
ment procedure was used. The S and C stimuli were 
on for 500 ms with a 300-ms interstimulus interval. 
Testing was done at a level 100 mV (peak-to-peak) 
higher ther the threshold. To reduce the effect of 
patient attenuator reference bias, the ascending and 
descending trials were alternated, and the starting 
levels were varied by the experimenter. The 
patient’s attenuator box contained a switch that 
allowed her to initiate each stimulus pair. The pa- 
tient was imstructed to listen to the stimulus pairs 
and “adjust the attenuator dial to the point at 
which bots stimuli are equal in loudness.” The in- 
tensity limen was based on five ascending and five 
descending trials. 


Results. Table 5 presents the intensity difference 
limens in A (peak-to-peak) for the standard fre- 
quencies $C, 1000, and 2000 Hz for the VCN sub- 
ject. Intemsity limens ranged from 0.6 pA at 2000 
Hz to 1.84 „A at 90 Hz. The larger limens for the 
low frequemcies were verified during a later test ses- 
sion. Conversion of intensity limens to Weber frac- 
tions yielcs values as high as 0.17 at 90 Hz and as 
low as 0.@2 at 2000 Hz. For comparison, Table 6 
provides tœ intensity limens obtained from a direct 
coupled cochlear implant (CI).? The experiments 
using a sirtlar test protocol with the direct coupled 
cochlear electrode system yielded intensity limens 
ranging fecm 0.6 pA at 100 Hz, to 3.5 pA at 2000 
Hz; Web= fractions were approximately 0.04. 
Other researchers have reported that, for cochlear 
stimulaticn, intensity limens usually range between 
l and 5 pA?" Tables 5 and 6 reveal that the ma- 
jor differences between the VCN and CI were 1) 
cochlear ¿mulation required a greater range of 


TABLE 6. COCHLEAR IMPLANT INTENSITY 
DIFFEHENCE LIMENS IN MICROAMPERES AND 
WEBER FRACTIONS FOR SINUSOIDAL STIMULI 


Stimulus Cl CI 
Hz AI (pA AII(% 
100 0.6 6 
500 ES 3 

1500 2.6 4 
2000 3.5 4 


R 


need 


LOUDNESS ESTIMATES (doubling) 





INTENSITY IN MICROAMPERES 


Perceived loudness as a function of intensity. @ - 80 Hz, 
- 250 Hz, W -~ 1000 Hz, X - 2000 Hz. 


* 
signal intensity to derive intensity limens over the 
500- to 2000-Hz region, and 2) at the low frequen- 
cies (VCN =90 Hz; CI = 100 Hz) greater signal in- 
tensity was required to obtain the intensity limens 
for the VCN than for the CI. 


LOUDNESS SCALING 


Method. A loudness-scaling experiment was done 
with the same instrumentation previously described 
for intensity limen measurements. Test stimuli con- 
sisted of 90, 250, 1000, and 2000 Hz sinusoids. 
Stimuli were gated on for 1 second with a 500 ms in- 
terstimulus interval. The standard tone was always 
the first stimulus of the pair. The subject initiated 
each stimulus presentation and was instructed to 
“adjust a handheld dial (attenuator) so that the 
loudness level of the second tone is twice that of the 
first tone.” Testing began with the standard and 
comparison tones set at equal amplitude 100 mV 
peak-to-peak above threshold. The patient adjusted 
the comparison tone to twice the standard. This 
level then served as the standard for the next trial. 
Several practice trials preceded each test session. 
The median of 3 to 5 trials was taken as the final 
loudness judgment. 


Results. The results of the scaling experiments are 
presented in the figure. Scaling data are plotted in a 
log/linear fashion. Loudness growth is similar at 
250, 1000, and 2000 Hz, but differs substantially at 
90 Hz. For functions at 250, 1000, and 2000 Hz, 
doubling of perceived loudness was achieved with 
increases of 3 to 4 „A in stimulus intensity level. 
However, at 90 Hz the function may be best de- 
scribed as having two parts. The loudness growth 
near threshold was rapid, ie, approximately a 
doubling of perceived loudness for a 1 pA signal in- 
tensity change. At moderate and high intensity lev- 
els loudness grew more gradually, requiring a signal 
intensity increase- of approximately 5.5 pA to 
achieve a doubling of loudness. The difference be- 
tween the loudness growth curve at 90 Hz and the 
curves obtained at higher frequencies is difficult to 
interpret at this time. 
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TABLE 7. SOUNDS HEARD BY PATIENT WITH 
COCHLEAR NUCLEUS IMPLANT 


Closing of a sliding Spoon on ice tea glass 
ass door oor closing 

Closing of a pill box Blowing of own nose 
Garbage disposal TV channel selector switch 
Footsteps on cement Light switch 
Golf being hit Closing of glasses case 
Phone being hung up A knife being put onto 
Tearing apart of i i tray se 

postage stam ephone ring 
Door aa i Water running 
Dog bark Zipper 
a a Vacuum cleaner 
Toilet flushing Voices (own and others’) 


SUBJECTIVE PATIENT EVALUATION 


The preceding results represent an attempt to 
quantify in a controlled fashion the perceptions of a 
patient stimulated at the VCN with sinusoids. In 
addition to these data, the patient provided descrip- 
tions of sinusoidal stimuli. A 90-Hz sinusoid intro- 
duced at a level just above threshold sounded simi- 
lar to the stretching of a rubber band. As intensity 
was increased, the sound was more like a drum but 
not a solid beat. As signal intensity was further in- 
creased, the patient reported that the sound was 
getting louder and was similar to a foghorn. When 
a 500-Hz signal was introduced near threshold, the 
subject reported a faint banging on a tin can that 
turned to the sound of a foghorn as intensity in- 
creased. At frequencies below 500 Hz both pitch 
and loudness changes were perceived. Remaining 
stimuli from 1000 to 18,650 Hz were heard as fog- 
horns of varying intensity. At high signal levels the 
16,000-Hz tone became noisy or sounded like static. 
It is notable that on the first stimulation, frequency 
difference limens could not be measured since 
changes in frequency were always perceived as 
changes in loudness. This effect was seen for stimuli 
at 50 and 1000 Hz. 


A standard 16,000-Hz amplitude-modulated CI 
stimulator was tried on the patient for about two 
weeks. The patient was capable of recognizing dif- 
ferences in the voices of three male speakers and 
achieved 100% recognition of the spondees “cow- 
boy,” “sailboat,” and “railroad” without seeing the 
speaker during the first session after the stimulator 
was fit. During the first session she also described a 
cowbell as sounding like a doorknock, a ratchet as 
sounding like a rattle, a knock as sounding like a 
knock, and a triangle as sounding like a bell. The 
patient was given the stimulator unit to wear at 
home and was asked to keep a daily diary of the 
sounds that she heard. Table 7 contains a listing of 
the sounds the patient reported hearing during the 
week after the stimulator was taken home. 


A brief experiment was done with this patient 
wearing the standard CI stimulator to determine 
the patient’s ability to discriminate between paired 
consonant-vowels (CV) or paired vowels. A 30- 
year-old male speaker (General American Dialect) 
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recorded a series of CV and vowel pairs that were 
randomized ten times and presented to the patient. 
For the consonant and vowel discrimination task 
the patient was asked to indicate if paired stimuli 
were the same or different. Consonants consisted of 
/s,p,m,l/ paired with the vowels /i, e, ae, u,€, A. 
The patient was able to consistently discriminate 
the /p/ from /m/, indicating that she may have per- 
ceived the features of voicing and nasality. Nasality 
may have been the more salient feature, since the 
patient also reported that /s/ and /l/ and /p/ and /1/ 
sounded the same. For the vowel stimuli, the pa- 
tient consistently discriminated between /i/ and /a/, 
[il and /u/, and /i/ and / A /. This suggests that the 
feature front/back may have been used to discrim- 
inate vowels. It is emphasized, however, that the 
data obtained are extremely limited and should be 
cautiously interpreted. 


The patient was enthusiastic about the sound she 
was receiving through the stimulator unit. She re- 
ported that, although she could not understand 
conversational speech without visualizing the 
speaker's face, her ability to speechread was much 
improved with the stimulator on. 


CONCLUSION 


Results of this study suggest that cochlear nucleus 
stimulation may have possibilities for patients with 
total bilateral cochlear nerve loss. During the six 
weeks of stimulation, no serious side effects were 
noted, although at some frequencies high current 
levels did produce sensations in the patient’s left leg. 
Our experience from this first VCN case encourages 
us to improve our electrode design for long-term 
stimulation, and to continue to evaluate the clinical 
value of VCN stimulation for rehabilitation of the 
deaf. 


POSTSCRIP’- 


After the initial 6-week period of hard-wired 
stimulation there was a failure of the system due to 
electrode breakage just under the skin. A new sur- 
face electrode was designed and manufactured and 
in a subsequent surgery, with the patient under 
local anes'hesia, placed on the VCN area of the 
brainstem. After healing, the patient was fitted 
with an ex-ernal analog stimulator device. 


The patient's progress with her present VCN im- 
plant has been very similar to that seen with the CI 
patients. That is, after a period of several months 
with daily stimulation, she moved rapidly from the 
perception ef sound as a periodic noise to sounds 
that have ‘ natural” quality, are discriminable, and 
in some cases recognizable. Her present perfor- 
mance scores on our standard test battery are 8/24 
word recoznition and 20/24 stress recognition for 
the Moncsyllable-Trochee-Spondee test. These 
scores are within the range of our CI patients.*! 


An indication of the value of this VCN implant 
for everyday communication can be seen in the 
speechreaciag scores obtained with and without 
auditory stimulation. The Utley Sentence Test 
Form A wes presented at a distance of 1 m with and 
without auditory stimulation. For both conditions 
stimuli we-e spoken aloud but in one condition the 
electrical tumulator was turned off. The score for 
the vision daly condition was 37/125, for the audi- 
tory plus vision condition the score was 84/125. 
Thus, at the present time there is no question of the 
benefit this device provides to this patient. Research 
is continuing with this patient to define more pre- 
cisely the limits of perception and to devise more ef- 
ficient methods of stimulation. A major effort is also 
underway td optimize the design of the electrodes 
used to stimulate the VCN. 
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This season, when patients complain of 


pain and inflammation of “swimmer’s ear” 


(or other summertime external ear 
disorders due to susceptible bacterial 
organisms) prescribe the comprehensive 
symptomatic relief of Coly-Mycin-S Otic. 


Each drop delivers: 


Hydrocortisone Acetate—for fast 
reduction of inflammation and 
symptomatic pain relief 


Colistin Sulfate/Neomycin Sulfate 
—for broad antibacterial coverage 
with emphasis on gram-negative £ 
Ps aeruginosa 


Thonzonium Bromide—for 

enhanced efficiency by allowing 
penetration and dispersion of active 
ingredients through debris and exudate 
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Recommended Dosage: Adults—4 drops 
in each affected ear, 3-4 times daily. 


Infants & Children: 3 drops in each 
affected ear, 3-4 times daily. 


Available in 2 convenient sizes— 
each in a convenient, dropperless, 
breakproof, plastic bottle. 


5 mi* for unilateral otic involvement 
40 mli for bilateral otic involvement 


*5-mi size supplies sufficient medication for an 
average course of therapy in one affected ear. 


Before ponang, please see full prescribing 
information. A brief summary appears on the 
opposite page. 
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Coly-Mycin: S Otic 
with Neomycin and Hydrocortisone 


(colistin sulfate—neomycin sulfate—thonzonium 
bromide—hydrocortisone acetate otic suspension) 


INDICATIONS AND USAGE 


For the treatment of superficial bacterial infections of the 
external auditory canal, caused by organisms suscep- 
tible to the action of the antibiotics; and for the treatment 
of infections of mastoidectomy and fenestration cavities, 
caused by organisms susceptible to the antibiotics. 


CONTRAINDICATIONS 


This product is contraindicated in those individuals who 
have shown hypersensitivity to any of its components, and 
in herpes simplex, vaccinia and varicella. 


WARNINGS 


As with other antibiotic preparations, prolonged treatment 
may result in overgrowth of nonsusceptible organisms 
and fungi. 


lf the infection is not improved after one week, cultures 
and susceptibility tests should be repeated to verify the 
identity of the organism and to determine whether therapy 
should be changed. 


Patients who prefer to warm the medication before using 
should be cautioned against heating the solution above 
body temperature, in order to avoid loss of potency. 


PRECAUTIONS 
General 


If sensitization or irritation occurs, medication should be 
discontinued promptly. 


This drug should be used with care in cases of perforated 
ear drum and in longstanding cases of chronic otitis 
media because of the possibility of ototoxicity caused by 
neomycin. 


Treatment should not be continued for longer than ten 
days. 


Allergic cross-reactions may occur which could prevent 
the use of any or all of the following antibiotics for the 
treatment of future infections: kanamycin, paromomycin, 
streptomycin, and possibly gentamicin. 


ADVERSE REACTIONS 


Neomycin is a not uncommon cutaneous sensitizer. There 
are articles in the current literature that indicate an 
increase in the prevalence of persons sensitive to 
neomycin. 


DOSAGE AND ADMINISTRATION 


The external auditory canal should be thoroughly 
cleansed and dried with a sterile cotton applicator. 


For adults, 4 drops of the suspension should be instilled 
into the affected ear 3 or 4 times daily. For infants and 
children, 3 drops are sugo because of the smaller 
capacity of the ear canal. 


The patient should lie with the affected ear upward and 
then the drops should be instilled. This position should be 
maintained for 5 minutes to facilitate penetration of the 
drops into the ear canal. Repeat, if necessary, for the 
opposite ear. 


if preferred, a cotton wick may be inserted into the canal 
and then the cotton may be saturated with the solution. 
This wick should be kept moist by adding further solution 
every 4 hours. The wick should be replaced at least once 
every 24 hours. 


HOW SUPPLIED 


Coly-Mycin S Otic is supplied as: 
N 0071-3141-08—5 mi bottle 
N 0071-3141-40—10 mi bottle 


Each ml contains: Colistin sulfate equivalent to 3 mg of 
colistin base, Neomycin sulfate equivalent to 3.3 mg neo- 
mycin base, Hydrocortisone acetate 10 mg (1%), Thon- 
zonium bromide 0.5 mg (0.05%), and Polysorbate 80 in an 
aqueous vehicle buffered with acetic acid and sodium 
acetate. Thimerosal (mercury derivative) 0.002% added as 
a preservative. 


Shake well before using. 


Store at controlled room temperature 59°-86 °F (15°-30°C). 
Stable for 18 months at room temperature; prolonged 
exposure to higher temperatures should be avoided. 
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MOST WIDELY PRESCRIBED —Antivert is the most widely pre- 
scridDed agent for the management of vertigo’ associated with 
diseases affecting the vestibular system such as Meniére’s 
disease, labyrinthitis, and vestibular neuronitis. 
RELIEF OF NAUSEA AND VOMITING—Antivert/25 can 
relieve the nausea and vomiting often associated with 
vertigo: 


VERTIGO 


INDICATIONS: Based on a review of this drug by the National Academy of Sciences-National Research Council 
and/or other information. FDA has classified the indications as follows: Effective Management of nausea and 
vomiting, and dizziness cssociated with motion sickness. Possibly Effective: Management of vertigo associated with 
diseases affecting the vestibular system. Final classification of the less than effective indications requires further 
investigation. 


DOSAGE FOR VERTIGO The usual adult dosage 
for Antivert/25 is one tablet t.i.d. 


I BRIEF SUMMARY OF PRESCRIBING INFORMATION 














CONTRAINDICATIONS: Meclizine HCI is contraindicated in individuals who have shown a previous hypersensitivity to it 
WARNINGS: Since drowsiness may, on occasion, occur with use of this drug, patients should be warned of this possibility 
and cautioned against driving a car or operating dangerous machinery. Patients should avoid alcoholic beverages 
while taking this drug. Due to its potential anticholinergic action, this drug should be used with caution in patients with 
asthma, glaucoma, or enlargement of the prostate gland. Usage in Children: Clinical studies establishing safety and 
effectiveness in children hcve not been done; therefore, usage is notrecommendedin the pediatric age group. Usage in 
Pregnancy: Pregnancy Category B. Reproduction studies in rats have shown cleft palates at 25-50 times thehuman dose 
Epidemiological studies in pregnant women, however, donot indicate that meclizine increases the risk of abnormalities 


when administered during pregnancy. Despite the animal findings. it would appear that ROERIG Pfizer] 
the possibility of fetal harm is remote. Nevertheless, meclizine, or any other medication, epr tical 
should be used during pregnancy only if clearly necessary. ADVERSE REACTIONS New York. New York 10017 


Drowsiness, dry mouth anc, on rare occasions, blurred vision have been reported. 
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For your family of congested patients 





Our family of recommendable 
cold products 


Available without Rx 


Sudafed’ S.A. 


(pseudoephedrine HC1)120 mg 
Sustained action nasal 
decongestant 


“ * «= 


a Sudafed’ 
Sudafed S.A. / (pseudoephedrine HCI ) 30 mg 


(Dseudoephegring bydrochtorige 120 mgj 








Unclogs the stuffy nose without 
closing the patient's eyes! 






Potent 12-hour relief without 





drowsiness! : i Available in 30 mg tablets and a 
| tasty raspberry-flavored syrup 
Available in 120 mg capsules in os. GU containing 30 mg per 5 cc. 
gia? Sent a i} + (pseudoephedrine hydrochioride 120 mg} 





packages of 10s and 40s. 









SUSTAINED ACTION NASAL Ot CONES 





ZPIZ HOUR KEAS Young or old — the decon- 


Not recommended for children Ja SMS OPENINGS. SNUS PASSAGES gestant you can recommend 
under 12 years of age. with confidence has the name 
___Sodaled™ SA — SUSTAINED ACTION NASAL DECONGESTANT | SUDAFED on it. 








For reliable and potent decongestion 
without drowsiness N 


Copr. © 1982 Burroughs Wellcome Co. All rights reserved Welicome 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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scopolamine 


Transdermal Therapeutic 
System for motion 


Backing layer 
Drug reservoir 


Microporous rate-controlling 
membrane 


Adhesive formulation 
Skin surface 


Blood vessel 


Schematic drawing showing cross section of skin surface 
with Transderm-V in place and delivery of scopolamine to 
blood vessels. 





A small flexible 
system of 
membranes won 
behind the ear 


Scopolamine: highly effective 
Scopolamine has long been 

known as an effective agent forme 
prevention.of motion sickness. 
Butscopolamine in conventionæ 
dosage forms causes well-known 
side effects. Scopolamine in 
Transderm-V usually does not. The 
most frequent side effect reported 
with Transđerm-V is dry mouth, 
occurring in two out of three peale. 
A less frequent side effect is draws- 
iness, occurring in one out of sh 
people. 


Three-day protection 

The unique delivery system of 
Transderm-V is programmed toms: 
lease just 0.5 mg of scopolamin= 
over a period of three days — . 
enough to give protection against 
motion sickness. Usually witho 
drowsiness. 


Incidence of nausea . 
reduced 75% X 

How effective is Transderm-V? 
Studies at sea have shown tha ~ 


Transderm+V reduced the incidence pA 


of motion sickness by 75% . mat 
dimenhydrinate by only 50%.1 | 
For best results instruct patientto - 
apply Transderm-V to a hairless 
spot in the postauricular region sev- 
eral hours — and preferably the 
night before — a planned trip. 
Transderm-V should be used wae 
caution in patients with glaucoma, 
pyloric obstruction, or urinary eo | 
der neck obstruction. 


No highs or lows of plasma 
concentrations 

Because transdermal administ-a-_ 
tion eliminates the relatively higi 
concentrations of drug that follow 
oral and intramuscular adminis a 
tion, the undesirable pharmacGisgic 
effects associated with high crag 
levels are usually avoided. Yet 29 
effective therapeutic dosage is 
achieved end maintained — fo Tri 
hours. 





Transderm -V 


scopolamine 


Transdermal 
Therapeutic System 
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Transderm ™-V 
(scopolamine) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg 
scopolamine over 3 days 


Description Transderm “-V scopolamine system is 


a circular flat unit designed for continuous release of 


scopolamine following application to an area of in- 
tact skin on the head, behind the ear. Clinical evalu- 
ation has demonstrated that the system provides 
effective antiemetic and antinauseant actions when 
tested against motion-sickness stimuli in adults. 


The Transderm ™-V system is a 0.2 mm thick film, 
with four layers. Proceeding from the visible sur- 
face towards the surface attached to the skin, 
these layers are: 1) a backing layer of aluminized 
polyester film; 2) a drug reservoir of scopolamine, 
mineral oil, and polyisobutylene: 3) a microporous 
polypropylene membrane that controls the rate of 
delivery of scopolamine from the system to the skin 
surface; and 4) an adhesive formulation of mineral 
oil, polyisobutylene, and scopolamine. Prior to use, 
a protective peel strip of siliconized polyester which 
covers layer 4 is removed. 


The mineral oil (12.4 mg) and polyisobutylene 
(11.4 mg) inactive components are not released 
from the system. 


Release-Rate Concept: Transderm ™ -V system, 
2.5 cm° in area, contains 1.5 mg scopolamine. The 
system is programmed to deliver 0.5 mg scopola- 
mine, at an approximately constant rate to the 
systemic circulation, over the 3-day lifetime of the 
system. An initial priming dose of scopolamine 
released from the adhesive layer of the system. 
Saturates the skin binding sites for scopolamine 
and rapidly brings the plasma concentration to the 
required steady-state level. The continuous control- 
led release of scopolamine, that follows from the 
drug reservoir through the rate-controlling mem- 
brane, then maintains the plasma level constant 


Clinical Pharmacology The formulation of the 
Transderm ™ -V system contains as its sole active 
agent the drug scopolamine, a belladonna alkaloid 
with well-known pharmacological properties. The 
drug has a long history of oral and parenteral use 
for central anticholinergic activity, including pro- 
phylaxis of motion sickness. This formulation 
provides for a gradual release of scopolamine from 
an adhesive matrix of mineral oil and polyisobuty!- 
ene applied to the postauricular skin 


Clinical Results: The Transderm ™ -V system 
provides antiemetic protection within several hours 
following application of the system behind the ear 
With the 195 adult subjects of different racial ori- 
gins who participated in clinical efficacy studies at 
sea Or in a controlled motion environment, there 
was a 75% reduction in the incidence of motion- 
induced nausea and vomiting. The Transderm ™ -V 


system provided significantly greater protection 
than that obtained with oral dimenhydrinate. 


Indications and Usage The Transderm “-V sys- 
tem is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults 
The system should be applied Only to skin in the 
postauricular area 


Contraindicetions Transderm ”-V system should 
not be used im patients with known hypersensitivity 
to scopolamine or any of the components of the 

adhesive mat-ix making up the therapeutic system 


Warnings Since drowsiness, disorientation and 
confusion may occur with the use of scopolamine, 
patients shou d be warned of the possibility and 
cautioned against engaging in activities that re- 
Quire mental alertness, such as driving a motor 
vehicle or operating dangerous machinery. 


Potentially alarming idiosyncratic reactions may 
occur with ordnary therapeutic doses of 
scopolamine 


Usage in Children: Children are particularly sus- 
ceptible to the side effects of belladonna alkaloids. 
Transderm -V system should not be used in 
children because it is not Known whether this 
system will release an amount of scopolamine that 
could produce serious adverse effects in children. 


Precautions Scopolamine should be used with 
Caution in patients with glaucoma, pyloric obstruc- 
tion, or urinary bladder neck obstruction. Caution 
should be exercised when administering an anti- 
emetic or antimuscarinic drug to patients sus- 
pected of having intestinal obstruction 


Transderm “-V system should be used with special 
Caution in the elderly or in individuals with impaired 
metabolic, liver or kidney functions 


Pregnancy: Reproductive studies have been per- 
formed in rats and rabbits and have revealed no 
evidence of imoaired fertility or harm to the fetus 
due to scopolamine administered, with plasma 
levels in excess of those attained by use of the 
Transderm ™-V system in humans. However, the 
Transderm ™-V system should be used in pregnant 
women with motion sickness only when clearly 
needed 


Nursing Mothers: It is not known whether scopol- 


amine is excreted in human milk. As a general rule, 


nursing should not be undertaken while a patient is 
on a drug since many drugs are excreted in human 
milk. 


Adverse Reac'ions The most frequent adverse 
reaction to the Transderm “-V system is dryness of 
the mouth. This occurs in about two-thirds of the 
people. A less tequent adverse reaction is drowsi- 
ness, which oceurs in less than one-sixth of the 
people. Transient impairment of eye accommoda- 
tion is also observed. The following adverse 
reactions have also been reported on infrequent 


occasions during use of the Transderm'”-V system: 
disorientation, memory disturbances, restlessness. 
giddiness, hallucinations and confusion. 


Overdosage Overdosage with scopolamine may 
cause disorientation, memory disturbances, rest- 
lessness, giddiness, hallucinations or confusion 
Should these symptoms occur, the Transderm ™ -V 
system should be immediately removed. Appropri- 
ate parasympathomimetic therapy should be ini- 
tiated if these symptoms are severe. 


Dosage and Administration Adults: Initiation of 
Therapy: One Transderm ™-V System, programmed 
to deliver 0.5 mg scopolamine over three days, 
should be applied to the postauricular skin several 
hours before the antiemetic effect is required 


Handling: The hands should be washed and dried 
thoroughly before applying the system on dry skin 
behind the ear. Upon removal of the system it 
should be discarded and the hands and application 
Site washed thoroughly to prevent any traces of 
scopolamine from coming into direct contact with 
the eyes. A patient brochure is available 


Continuation of Therapy: Should a system become 
displaced, it should be removed and replaced with 


a second system on a fresh skin site in the postauricu 


lar area. If therapy is required for longer than 72 
hours, the first system should be removed and a 
second system placed on a fresh skin site in the 
postauricular area 


Children: Children are particularly susceptible to 


the side effects of belladonna alkaloids. Transderm’-V 


system should not be used in children because it is 
not known whether this system will release an 
amount of scopolamine that could produce serious 
adverse effects in children. 


How Supplied Transderm ™-V systems are avail- 
able in 2-unit blister packs. 


Storage and Handling The system should be 
stored at room temperature. 


Caution Federal law prohibits dispensing without 
prescription. 


Mid. by ALZA Corp. 

Palo Alto, CA 94304 

Dist. by 

CIBA Pharm. Co. 

Div. of CIBA-GEIGY Corp 
Summit, NJ 07901 
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Over the past 23 years, 


more than 4 billion Actifed tablets 
have been sold on Earth. 








And, over the past 14 years, 


another 57 Actifed tablets have been used 
by our astronauts in space. 


CTIFED 


Tablets/Syrup 


Each scored tablet contains AC TIOIL® (triprolidine 
HCl) 2.5 mg, SUDAFED® (pseudoephedrine HCl) 
60 mg Each 5 mi teaspoontul of syrup Contains 
ACTIDIL™ 1.25 mg and SUDAFEL™ 30 mg 





References: 1. Data on file, Burroaghs Wellcome 
Co. 2. Johnston RS, Dietlein LF, Berry CA (eds) 


Biomedical Results of APOLLO Washington DC 
NASA, 1975, p63 









On Earth or 

in Outer space, 
you can | 

ai count on it! 


Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome | North Carolina 27709 
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The Gottschalk Nasostat 
completely replaces posterior packs 
and Foley catheters for positive 
control of posterior bleeders. 


SAFE The only epistaxis balloon which ig self- 
retaining, and prevents posterior slippage 3y 
way of its unique non-collapsible design. 
EFFECTIVE Controls bleeding from brarches 
of sphenopalatine artery without anterior packs 
by compressing the artery as it enters the 
LERIK- SA 

EASY Less than half the diameter (3/32 inch) 
of other balloons, making insertion easy ard 
less traumatic. 


FAST Controls most bleeders within minutes. 


VERSATILE May be used with anterior 
packing to control ethmoid bleeders. 


New slimline model now in 3 sizes. 
Adult, small, and pediatric; illustrated 
actual size. The original large and Fd P 
regular sizes are still available. 


® 


bd only nasal balloon proved safe 


forepistaxis control 


Write or call today for additional information. 


SPARTA INSTRUMENT CORPORATION 
26602 CORPORATE AVENUE, HAYWARD CA 94545 
415-887-7717/ TOLL FREE 800-227-0674 

TWX: 910-383-2017 EMSSPARTA HYWD 


Exclusive distributors of the Gottschalk Nasostat 


TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 
Malcolm D. Graham, MD, Course Director 
Sept. 20-24, 1982; Nov. 8-12, 1982; 

Jan. 10-14, 1983; March 14-18, 1983: 

May 9-13, 1983; June 13-17, 1983: 

Sept. 26-30, 1983; Nov. 14-18, 1983 
Intensive one-week courses emphasize the surgical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otologic 
surgeon, utilizing lectures, videotape presentations 
of surgical techniques and temporal bone dissection. 
Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experience in 
both temporal bone anatomy and surgical tech- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, blending basic 
science and clinical otologic instruction. Dissection 

instruments will be provided. 
FEE — $1000 
50 Hours Category I CME Credits 


For further information contact: Malcolm D. 
Graham, MD, Dept. of Otorhinolaryngology, Uni- 
versity of Michigan Medical Center, Ann Arbor, MI 
48109, (313) 764-4131 or (313) 764-8110. 445 


Catalan ENT Society 
12th INTERNATIONAL COURSE OF 
OTOLARYNGOLOGY 


THE EUSTACHIAN TUBE 
November 22-24, 1982 
Barcelona 


All aspects of the eustachian tube will be 
considered, from embryology to medical and 
surgical treatment of its diseases. The material 
will be presented through lectures, discus- 
sions, films, and TV color surgery. 


Guest speakers: Drs. Portmann (France), 
Holmquist (Sweden), Smyth (Northern Ire- 
land), Poch, Broto, Traserra, Domenech, 
Ruano, and Cardesa (Spain). 


Registration fee: $250 


For further information contact: 
J. Oliveras, MD, Secretary 
Pl. Eusebio Guell 12-13 
Barcelona 34, Spain. 








the only triple-site action 
antihistamine/decongestant 


TM 


REPETABS” 


Li TABLETS B.1.D. 


brand of azatadine maleate and pseudoephedrine sulfate, USP 
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Action for Action, Symistom for Symptom 
No Antihistamine/Decorgestant does more 


Please see Clinical Considerations section which follows... | 
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The only antihistaminéydecongestant 
with laboratory proof of riple-site action... 


1. Inhibits histamine release— unique added action— shown with ~ maleate i in an in vitro model? 
2. Blocks histamine receptors to reduce histamine response N 


3. Stimulates vasoconstriction for congestion relief 


> 


“while clinical relevance cannot be attributed directly to laboratory data, 
no other combination acts at more sites than TRINALIN. 


References: 


1. Lichtenstein, L.M., and Gillespie, E.: The effects of the H, and H, antihista- 


mines on “allergic” histamine release and its inhibition by histamine. J. Phar- 
macol. Exp. Ther. 192-441, 1975. 


2. Data on file, Schering Corporation. 
3. Falliers, C.J., and Redding, M.A.: Controlled comparison of a new 


antihistamine- -decongestant combination to its individual components, 
Ann. Allergy 45:75, 1980. 
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Blocks = = Nasal ~ Vasoconstricts 
histamine Mucosa for congestion 
receptors | D>» relief 
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INITIAL 2ND WEEK 4TH WEEK 6TH WEEK 
Mean symptom scores for 41 patients with perennial allergic rhinitis during six weeks 


of treatment with azatadine, pseudoephedrine and their combination in comparison 
to placebo.5 


Action for Action, Symptom for Symptom 
No Antihistamine/Decongestant does more 


Please see Clinical Considerations section which follows... 





E Significemtly effective in perennial allergic 
rhinitis ov a full six weeks’ treatment? 


E Significent effectiveness also shown at the 
height of -he allergy season in acute allergic 
rhinitis 

E Few side 2ffects— mild to moderate drowsi- 
ness repo: ted in some patients? 


E Convenant b.i.d. dosage 


*+Patients snhould= warned about engaging in activities requiring mental 


alertness, such sscriving a car or operating machinery. TRINALIN is not to be 
used in childreneder 12 


TRINALIN=: 
TABLETS B.1.D. 


(brand of azatadine maeate and pseudoephedrine sulfate, USPI 
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Á 
brand of azatadine maleate and pseudoephedrine 
sulfate, USP 
Long-Acting 
Antihistamine/ Decongestant 
REPETABS” Tablets 


Clinical Considerations: 

INDICATIONS AND USAGE TRINALIN REPETABS 
Tablets are indicated for the relief of the symptoms of upper 
respiratory mucosal congestion in perennial and allergic 
rhinitis, and for the relief of nasal congestion and eustachian 
tube congestion. Analgesics, antibiotics, or both may be 
administered concurrently, when indicated. 


CONTRAINDICATIONS Antihistamines should not be 
used to treat lower respiratory tract symptoms, including 
asthma. 

This product is contraindicated in patients with narrow- 
angle glaucoma or urinary retention, and in patients receiv- 
ing monoamine oxidase (MAO) inhibitor therapy or within 
ten days of stopping such treatment. (See Drug Interactions 
section.) It is also contraindicated in patients with severe 
hypertension, severe coronary artery disease, hyperthyroid- 
ism, and in those who have shown hypersensitivity or 
idiosyncrasy to its components, to adrenergic agents, or to 
other drugs of similar chemical structures. Manifestations of 
patient idiosyncrasy to adrenergic agents include, insom- 
nia, dizziness, weakness, tremor, or arrhythmias. 


WARNINGS TRINALIN REPETABS Tablets should be 
used with considerable caution in patients with stenosing 
peptic ulcer, pyloroduodenal obstruction, urinary bladder 
obstruction due to symptomatic prostatic hypertrophy, or 
narrowing of the bladder neck. It should also be adminis- 
tered with caution to patients with: cardiovascular disease, 
including hypertension or ischemic heart disease: increased 
intraocular pressure (See CONTRAINDICATIONS): diabetes 
mellitus, or in patients receiving digitalis or oral 
anticoagulants. 

Central nervous system stimulation and convulsions or 
cardiovascular collapse with accompanying hypotension 
may be produced by sympathomimetics. 

Do not exceed recommended dosage. 

Use in Activities Requiring Mental Alertness: Patients 
should be warned about engaging in activities requiring 
mental alertness, such as driving a car or operating 
appliances, machinery, etc. 

Use in Patients Approximately 60 Years and Older: 
Antihistamines are more likely to cause dizziness, sedation, 
and hypotension in patients over 60 years of age. In these 
patients, sympathomimetics are also more likely to cause 
adverse reactions, such as confusion, hallucinations, con- 
vulsions, CNS depression, and death. For this reason. 
before considering the use of a repeat-action formulation, 
the safe use of a short-acting sympathomimetic in that 
particular patient should be demonstrated. 


PRECAUTIONS General: Because of the atropine-like 
action of antihistamines, this product should be used with 
Caution in patients with a history of bronchial asthma. 


Drug Interactions: MAO inhibitors prolong and intensity 
the effects of antihistamines. Concomitant use of antihista- 
mines with alcohol, tricyclic antidepressants, barbiturates. 
or other central nervous system depressants may have an 
additive effect. The action of oral anticoagulants may be 
inhibited by antihistamines. 

When sympathomimetic drugs are given to patients 
receiving monoamine oxidase inhibitors, hypertensive reac- 
tions, including hypertensive crises, may occur. The antihy- 
pertensive effects of methyldopa, mecamylamine, reserpine, 
and veratrum alkaloids may be reduced by sympathomi- 
metics. Beta-adrenergic blocking agents may also interact 
with sympathomimetics. Increased ectopic pacemaker 
activity can occur when pseudoephedrine is used concomi- 


™ 





tantiy wita digitalis. Antacids increase the rate of absorption 
of pseude ephedrine, while kaolin decreases it. 


Drug/Lé boratory Test Interactions: The sn vitro addi- 
tion of pseudoephedrine to sera containing the cardiac 
isoenzyrr= MB of serum creatine phosphokinase progres- 
sively inbibits the activity of the enzyme. The inhibition 
becomes complete over six hours. 


Pregnarcy Category C: Retarded fetal development and 
the presence of angulated hyoid wings were seen in the 
Offspring of pregnant rabbits administered TRINALIN at 
about 125 times and 5 times the recommended humen 
dosage, spectively; increased resorption was noted at 
about 25 ames the human dosage. A decreased survival rate 
at day 2 was seen in rat pups born of mothers given 
TRINALIM during pregnancy at a dose about 12.5 times tre 
human desage. There are no adequate and well-controlled 
Studies ir pregnant women. TRINALIN REPETABS Tablets 
should be used during pregnancy only if the potential 
benefits te the mother justify the potential risks to the infant. 
(See Non eratogenic Effects. 


Nontera ogenic Effects: Antihistamines should not te 
used in the third trimester of pregnancy, because newborns 
and premature infants may have severe reactions to them 
such as convulsions. 


Nursing Mothers: It is not known whether these drugs are 
excreted n human milk. However, certain antihistamines 
and sympathomimetics are known to be excreted in human 
milk. Because of the higher risks of antihistamines for 
infants generally and for newborns and prematures in 
particulara decision should be made whether to discontinue 
nursing © to discontinue the drug, taking into account the 
importance of the drug in the mother. 

There s a report of irritability, excessive crying and 
disturbed sleeping patterns in a nursing infant whose 
mother had taken a product containing an antihistamine and 
pseudoemedrine. 


Pediatric Use: Safety and effectiveness in children below 
the age of12 years have not been established. 


ADVERSE REACTIONS The following adverse reac- 
tions are associated with antihistamine and sympathomi- 
metic drugs. (Those adverse reactions which occur most 
frequently with the antihistamines are underlined.) 


General: Urticaria, drug rash, anaphylactic shock, photo- 
Sensitivity, excessive perspiration, chills, dryness of mouth, 
nose, and throat. 


Cardiovescular: Hypertension (see CONTRAINDICA- 
TIONS ard WARNINGS), hypotension, arrhythmias and 
Cardiovas -ular collapse, headache, palpitations, extrasys- 
toles, tacFycardia, angina. 


Hematobgic: Hemolytic anemia, hypoplastic anemia, 
thrombocytopenia, agranulocytosis. 


Central Wervous System: Sedation, Sleepiness, dizzi- 
ness, vertgo, tinnitus, acute labyrinthitis, disturbed coordi- 
nation, fatigue, mydriasis, confusion, restlessness. 
excitation. nervousness, tension, tremor, irritability, insom- 
nia, euphcria, paresthesias, blurred vision, hysteria, neu- 
ritis, convulsions, fear, anxiety, hallucinations. CNS 
depressiom, weakness, pallor. 


Gastroin estinal: Epigastric distress, anorexia, nausea, 
vomiting, diarrhea, constipation, abdominal cramps. 


Genitour nary: Urinary frequency, urinary retention, dys- 
uria, early menses. 


Respiratary: Thickening of bronchial secretions, tight- 
ness of cFest and wheezing, nasal stuffiness, respiratory 
difficulty. 


DRUG AEUSE AND DEPENDENCE There is no infor- 
mation to indicate that abuse or dependency occurs with 
azatadine maleate 

Pseudcephedrine, like other central nervous system 
stimulants has been abused. At high doses, subjects 
commonly experience an elevation of mood, a sense of 
increased energy and alertness, and decreased appetite 
Some indviduals become anxious, irritable, and loqua- 
cious. In addition to the marked euphoria, the user experi- 





Seley 


ences a sense of markedly enhanced physical strength and 
mental capacity. With continued use, tolerance develops, the 
user increases the dose, and toxic signs and symptoms 
appear. Depression may follow rapid withdrawal. 


OVERDOSAGE In the event of overdosage, emergency 
treatment should be started immediately. 

Manifestations of overdosage may vary from central 
nervous system depression (sedation, apnea, diminished 
mental alertness, cyanosis, coma, cardiovascular collapse) 
to stimulation (insomnia, hallucinations, tremors. or con- 
vulsions) to death. Other signs and symptoms may be 
euphoria, excitement, tachycardia, palpitations, thirst. per- 
spiration, nausea, dizziness, tinnitus, ataxia, blurred vision, 
and hypertension or hypotension. Stimulation is particularly 
likely in children, as are atropine-like signs and symptoms 
(dry mouth; fixed, dilated pupils, flushing; hyperthermia: and 
gastrointestinal symptoms). 

In large doses sympathomimetics may give rise to 
giddiness, headache, nausea, vomiting, sweating, thirst, 
tachycardia, precordial pain, palpitations, difficulty in mic- 
turition, Muscular weakness and tenseness. anxiety, rest- 
lessness, and insomnia. Many patients can present a toxic 
psychosis with delusions and hallucinations. Some may 
develop cardiac arrhythmias, circulatory collapse, convul- 
sions, coma, and respiratory failure. 

The oral LD... of the mixture of the two drugs in mature 
rats and mice was greater than 1700 mg/kg and 600 mg/kg, 
respectively. 

Ireatment—The patient should be induced to vomit. 
even if emesis has occurred spontaneously. Pharmacologi- 
Cally induced vomiting by the administration of ipecac syrup 
is a preferred method. However vomiting should not be 
induced in patients with impaired consciousness. The 
action of ipecac is facilitated by physical activity and by the 
administration of eight to twelve fluid ounces cf water. If 
emesis does not occur within fifteen minutes, the dose of 
ipecac should be repeated. Precautions against aspiration 
must be taken, especially in infants and children. Followi ng 
emesis, any drug remaining in the stomach may be 
absorbed by activated charcoal administered asa Slurry with 
water. If vomiting is unsuccessful or contraindicated. gastric 
lavage should be performed. Isotonic and one-half isotonic 
saline are the lavage solutions of choice. Saline cathartics, 
such as milk of magnesia, draw water into the bowel by 
osmosis and therefore may be valuable for their action in 
rapid dilution of bowel content. Dialysis is of little value in 
antihistamine poiscning. After emergency treatment the 
patient should continue to be medically monitored. 


Treatment of the signs and symptoms of overdosage is 
Symptomatic and supportive. Stimulants (analeptic agents) 
should not be used. Vasopressors may be used to treat 
hypotension. Short-acting barbiturates, diazepam, or 
paraldehyde may be administered to control seizures. 
Hyperpyrexia, especially in children, may require treatment 
with tepid water sponge baths or a hypothermic blanket. 
Apnea is treated with ventilatory support. 


HOW SUPPLIED TRINALIN REPETABS Tablets contain 
1 mg azatadine maleate and 120 mg pseudoephedrine 
Sulfate. TRINALIN REPETABS Tablets are coral-colored, 
Sugar-coated tablets branded in black with the Schering 


ER 
trademark S) or the product name (TRINALIN) and prod- 


uct identification numbers, 703; bottle of 100 (NDC-0085- 
0703-04). 


Store between 2° and 30°C (36° and 86°F). 
12393202 3/81 


For more complete details, consult Package insert 
or Schering literature available from your Schering 
Representative or Professional Services Depart- 
ment, Schering Corporation, Kenilworth, New 
Jersey 07033. SLS-725 












EACH TEASPOONFUL | eee ML) CONTAINS: 40 MG 
TRIMETHOPRIM AND 200 MG | eee 


S PTRA SUSPENSION 


heal Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome | North Carolina 27709 
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CANAL WALL IMPLANTS NOW AVAILABLE 


Xomed introduces l 


CFERAVITA 


THE BIOACTIVE CERAMIC 






Partial ossicular replacement 
prosthesis and total 
canal wall reconstruction. 


SSS. 


: | Six weeks postoperative: 
Bony layer with row of osteoblasts canal wall reconstruction (rabbit), magnified 120X. 


Bony layer with osteoblasts covering implant surface. 


Implant 


Unique new ossicular replacement prostheses 
actually bond to bone. 

Unlike other implantable materials, CERAVITAL’ is nonporous and 
does not depend on tissue ingrowth for stability. Rather, it forms a 
physiochemical bor d with bone which stabilizes the implant and 
can virtually eliminate implant extrusion. 


The same bioactive bonding can be initiated with soft tissues, = 
e.g., tympanic membrane, by applying a bone pate to the surface 
of the implant. 


Exclusive glass ceramic composition allows easy shaping for a 
precise anatomical fit. 


For performance ease of shaping and biocompatibility, 
CERAVITAL offers the significant advantages you have been 
looking for in ossacular replacement materials. Call today for more 


information. 

Xomed, Inc Xomed Canada 

8641 Baypine Rd., Jacksonville, FI 32216 106 East Dr., Brampton, Ontario L6T-1C1 
Cail toll free 1-800-874-5797 (416) 791-3665 

In Alaska, Hawaii or Flo ida call collect "US Patents 3922155 3981736 

(904) 731-7109 CER RAVITA s a registered trade 


TWX 810-827-6439 net oiz, Walser Weel Berta 


Xomed& 


The Microsurgery Company 


ss Dr Reck HN2-Kiinik Mainz We 


Ann Otol Rhinol Laryngol 91:1982 


THE GIANT APICAL AIR CELL SYNDROME 
A NEW ENTITY 


ERIC M. KRAUS, MD 


BRIAN F. MCCABE, MD 


Iowa City, IOWA 


A new entity, the giant apical air cell syndrome, is presented and its surgical m=tagement is described. The syndrome triad consists of 
a giant apical air cell, spontaneous CSF rhinorrhea, and recurrent meningitis. Cons=mt pounding of the brain against the dura overlying 
the giant air cell eventually causes dural rupture and CSF leak. The giant apical air -el. communicates with the eustachian tube creating a 
direct route for CSF to leak from the subarachnoid space irto the nasopharynx. Thes=ndrome is best diagnosed by polytomography of the 
petrous apex, surgical exploration, and careful dissection using the operating microm=pe. Dye or contrast studies are no longer necessary. 
Extracranial surgical management is preferable to the intracranial approach. Tym» aomastoidectomy is performed with obliteration of 
the eustachian tube, middle ear, and mastoid. In this manner, the subarachnoid sp==is separated from the nasopharynx, preventing fur- 
ther episodes of meningitis. A detailed knowledge of the regional anatomy and the application of basic surgical principles should enable the 
temporal bone surgeon to accurately diagnose and manag2 most CSF fistulae. 


The giant apical air cell syndrome consists ef the 
triad of 1) a giant air cell of the petrous apex, 2) 
nontraumatic CSF rhinorrhea, and 3) recurrent 
meningitis. To our knowledge, the syndrome has 
not been previously described although it has been 
morphologically noted in the radiological | tera- 
ture. We feel that it has occurred prior to our report 
but has gone unrecognized as a cause of either spon- 
taneous CSF rhinorrhea or of recurrent menir gitis. 
However, it is important to recognize as an entity 
because, as evidenced by our case report, it ws dif- 
ficult to seal from a middle cranial fossa approach. 
The most effective method of eliminating the 
repeated meningitis is to separate the subaracinoid 
space from the nasopharynx by completely sealing 
the eustachian tube. To accomplish this, the best 
surgical approach is tympanomastoidectomy and 
cavity obliteration. 


CASE REPORT 


The patient was the product of a full term, uncomplicated 
pregnancy. During the first years of life, she experienced aumer- 
ous sore throats and upper respiratory infections which remitted 
in 1961 after uncomplicated tonsillectomy and adenoidectomy at 
age five years. During 1962, she had two episodes of pneamonia 
requiring hospitalization. In May and September 1963, she was 
treated with penicillin and gammaglobulin for cough, intermit- 
tent rhinorrhea, and fever. In October 1963, she developed cul- 
ture-negative meningitis treated with penicillin and chloram- 
phenicol. She then experienced repeated episodes of pneumococ- 
cal and Hemophilus influenzae meningitis in November 1963 and 
January 1964. Chest, thoracic, lumbosacral, skull and mastoid 
films were “normal,” including views of the sella turcica and op- 
tic foramina. An electroencephalogram was normal, and she was 
begun on prophylactic penicillin. In early 1964, the patient's 
mother noted clear fluid draining from her daughter’s left nostril. 
A Pantopaque myelogram was thought to show a defect in the left 
basisphenoid suture. An intrathecal indigo carmine test was nega- 
tive. Five months later, September 1964, a left temporal cranio- 
tomy was performed. The trigeminal nerve was reported to be 
entering Meckel cave “through an aperture in bone rather than 
under a sleeve of dura.” The opening was packed with fibrin clot, 


Gelfoam, a= temporalis muscle. Postoperatively, she developed 
a moderate amnestic and sensory aphasia which resolved. For 
eight montas she remained asymptomatic.’ In May 1966, she was 
again hospi-alized for recurrent pneumococcal meningitis. A 
pneumoeneechalogram, repeat Pantopaque myelogram, and an 
intrathecal adioactive iodinated serum albumin (RISA) test 
failed to elt date any abnormalities. While on prophylactic anti- 
biotics, she teveloped her sixth episode of meningitis one year 
later. In Jacaary 1967, she underwent a second left temporal 
craniotomy. A 10 by 6 mm opening was found near the left 
petrous apez and was thought to represent an enlarged Meckel 
cave apert: Œ. Rolled oxycel gauze was packed into the aperture, 
and the dr was closed. Postoperatively, she had a left facial 
paresis, a ced left ear, and neuropraxia of cranial nerves V, IX, 
X, and XI . All the nerves improved except V, VII, and VIII. 
Penicillin 2»phylaxis was continued because of persistent left 
rhinorrhea which was most marked during eating. A food allergy 
was implicsted, and she was placed on pyrrobutamine (Co- 
Pyronil) aa» dust/feather precautions without success. For the 
next two “ears, she had repeated episodes of mild meningitis 
culminating in clinical meningitis during December 1968 and 
March 19€ Repeat skull, cervical spine, and mastoid films were 
negative. 3 all laminograms were reported to show no bony 
defects. Tw» pneumoencephalograms showed a dilated left tem- 
poral horr å repeat EEG contained no focal abnormalities. For 
the next ter years, she continued to have intermittent left sided 
rhinorrhee ut no meningitis while maintained on 200,000 units 
of penicillw daily. 


Howeve- her ninth episode of meningitis occurred in April 
1979. Sinus Ams showed a discrepancy in the height of the left or- 
bit (56 mm as compared to the right orbit (51 mm). The superior 
and latera ft orbital walls showed thinning suggestive of an ex- 
pansile tuar. Polytomograms of the temporal bones and eth- 
moid sinu were reported to be normal. Computerized axial 
tomograpl ¥ with and without contrast of the head and orbits 
revealed ax=rmal left orbit and a lucent left temporal area along 
the poster=> portion of the temporal lobe. The abnormality was 
consistent vith either a surgical defect or an abscess of the left 
temporal dbe. Cisternography using 0.5 mC of ytterbium169 
diethylene sriamine pentacetic acid showed more uptake on 
sphenoid plecdgets (left=1,565 counts/2 min; right = 1,409 
counts/2 ra =) than cribriform pledgets (left = 608 counts/2 min; 
right = 48: counts/2 min). A posterior fossa myelogram showed 
no filling « fthe left middle cranial fossa or spilling of Pantopaque 
above the ‘estral clivus. In April 1979, a third left temporal 
craniotomw was performed. A skull defect containing two small 
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holes and an invaginated tuft of arachnoid was found on the an- 
teromedial aspect of the left petrous bone. The arachnoid was re- 
moved, and a second large hole was found medial tc the gasserian 
ganglion. A small piece of brain was removed, anc the hole was 
“reidentified on the lateral posterior aspect.” After opening 
overlying dura, fibrous tissue was found filling part of the defect. 
The bony hole was covered by a pericranial graft held in place by 
overlying brain. She had an uncomplicated postoperative course 
and remained free of symptoms for 19 months. 


In November 1980, she was admitted for her tenth episode of 
meningitis. During otolaryngologic consultation, no CSF could 
be found on either otologic or nasal examination but review of 
temporal bone polytomograms showed a giant air cell of the left 
petrous apex which had not been previously appreciated (figure). 
The defect was confirmed on CAT head scan. The bony roof of 
the giant air cell was absent. It was postulated that ser recurrent 
meningitis was being caused by a communication between the 
subarachnoid space and the nasopharynx via the gient apical air 
cell and the left eustachian tube. A left tympanomastoidectomy 
was performed with the goal of sealing the left eustachian tube 
and obliteration of the resulting radical mastoidectcmy cavity. 


At the time of tympanomastoidectomy, a dehiscence of the 
medial wall of the middle ear was found 5 mm anterior to the 
cochleariform process and cochlea. The defect comtained rup- 
tured, pulsating durarachnoid membrane. The medial wall of the 
tympanum anterior to the cochlea was absent, as well as the 
lateral one half of the bony eustachian tube. Copicus CSF was 
found in the mesotympanum coming through the durarachnoid 
defect. The eustachian tube mucosa was then elevated and in- 
verted, and the eustachian tube was plugged with fascia. The 
tympanic membrane and malleus were removed, and the middle 
ear and mastoid were obliterated with fat. A drain was not placed. 

Since operation, the patient has experienced two upper 
respiratory infections but no further episode of meningitis. 


PATHOPHYSIOLOGY 


The pneumatization process of the temporal bone 
and the petrous apex has been well described by An- 
son and Donaldson.’ Apical cells develop from peri- 
tubal, perilabyrinthine, posterosuperior, postero- 
medial, and subarcuate cell tracts. They attain 
their maximum size by age 5-6 years. Therefore, 
after age 6 years, one may be at risk to develop a 
CSF leak caused by a giant apical air cell. Our pa- 
tient was 7 years old at the time of her initial 
episode of meningitis. Parisier and Birxen have 
reported the average age of meningitis associated 
with spontaneous CSF otorrhea to be 6.4 years.’ 


As the giant apical air cell enlarges, its roof is sub- 
jected to constant dural pounding caused by physi- 
ologic brain pulsation. The bony air cell roof re- 
sorbs, and the overlying dura ruptures into the 


AP tomogram of patient’s temporal bone 
demonstrating the giant air cell (arrows) of the 
left petrous apex. Note that the bony roof of 
the giant air cell is absent (double arrow). 


giant air cell as it is steadily stretched over an area 
larger than it can cover and a depth greater than it 
can reach. CSF then leaks from the air cell into the 
nasopharynx via the eustachian tube. The abnor- 
mal communication between the subarachnoid 
space and nasopharynx permits retrograde contam- 
ination and recurrent meningitis until the pathway 
is surgically interrupted. 


DISCUSSION 


Giant apical air cells are uncommon, and the 
syndrome described is rare. To date, a similar case 
has not been reported. Dubois and Roub have de- 
scribed the tomographic features of giant apical air 
cells of the petrous apex.‘ In a retrospective analysis 
of 1600 temporal bone polytomes, they identified 15 
patients (0.94%) whose petrous apices contained a 
single, nonseptated apical air cell with a diameter 
of at least 1.5 cm. Our patient’s air cell measured 
1.5 by 2 cm. All giant air cells examined were 
located posteromedially to the carotid canal and 
could be distinguished from destructive lesions of 
the petrous apex, with the exceptions of primary 
cholesteatomas and acoustic neuromas, by their lo- 
cation, low radiodensity, uninterrupted margins, 
and regular shape. None of their patients were re- 
ported to have CSF leaks or recurrent meningitis, 
but it is true that these were morphologic rather 
than clinical reports. Thus the incidence of menin- 
gitis in these patients is not known. 


Multiple reports of spontaneous, normal pressure 
CSF fistulae may be found in the literature.* 
Kaufman et al have described four cases of CSF 
rhinorrhea each involving defects in the antero- 
medial middle cranial fossa floor.’ They attributed 
the development of fistulae to the “pulsatile forces 
of the CSF and brain” causing dural thinning, bone 
erosion, and the rupture of meningoceles or men- 
ingoencephaloceles. Although no cases of meningi- 
tis were reported, these patients may well have had 
a variety of the giant apical air cell syndrome. 
Multiple fistulae could occur if the petrous apex was 
well pneumatized. Even though bony fenestrations 
might develop, they may be filled with tufts of her- 
niated arachnoid and/or brain. In such instances, 
there would be no CSF leak or meningitis. Similar- 
ly, Brisman et al described two patients with CSF 
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rhinorrhea and middle cranial fossa defects.'° One 
patient presented with spontaneous meningitis and 
was found to have a dural defect at the fenestration 
site. The other patient had a middle fossa encepha- 
locele plugging the defect; he had psychomotor 
seizures but no meningitis. No comments concern- 
ing the presence of giant apical air cells were made. 


Once the possibility of a spontaneous CSF leak is 
entertained, the fistula must be precisely localized. 
CSF may leak from all three cranial fossae — anter- 
ior fossa via the frontal sinus, cribriform plate, or 
fovea ethmoidalis; the middle fossa through the 
sphenoid sinus, or a giant apical air cell; and the 
posterior fossa via the eustachian tube. After careful 
history and physical examination, the safest and 
most reliable modality to accurately locate the fossa 
containing the fistula is polytomography. The fossa 
is then best explored from below rather than from 
above utilizing the operating room microscope to 
enhance the subtle differences between tissues. 


Because we have been able to locate each of 15 
small anterior and middle cranial fossa fistulae us- 
ing polytomography, the microscope, and careful 
dissection, we have given up the use of RISA or 
other intrathecal/intraventricular agents such as 
fluorescein, methylene blue, indigo carmine, or 
Pantopaque. These substances may be neurotoxic 
and are nonspecific localizers. Test results are sub- 
ject to misinterpretation which may lead to un- 
founded conclusions. New generation CAT scanners 
combined with various contrast materials may aid 
in diagnosing intracranial fistulae. ' 


If a dural defect is found with an underlying 
bony dehiscence, the dura should be repaired or 


grafted, and the cavity should be filled with tissue 
in order to support the dura. Covering a durarach- 
noid dehiseence with fascia alone is unsatisfactory, 
as refistulization may occur, as abundantly demon- 
strated by this case report. As with most air-con- 
taining cavities, complete obliteration should be 
performed by filling the space with autogenous tis- 
sue-flaps, or free muscle or fat. When available, 
flaps are always superior to grafts, and deficient tis- 
sue should be replaced by like tissue.’ Packing is 
then used to hold the tissue in place until complete 
healing has occurred. After three temporal cranio- 
tomies, a emporalis flap was not available in our 
case. Obliteration was accomplished by an abdom- 
inal fat graft. Calcaterra has reported similar tech- 
niques, *°*’ 


Finally. congenital as well as neoplastic and trau- 
matic conditions should be considered in the differ- 
ential diagnosis of “spontaneous” CSF rhinorrhea 
and recurrent meningitis. Congenital causes in- 
clude cribriform plate aplasias, idiopathic oval win- 
dow fistulke, sella turcica fistulae, nasal encephalo- 
celes, meningoceles, meningomyeloceles, persistent 
craniopharyngeal canal, and Mondini dysplasia. 
Mondini ceformity may occur alone or may be asso- 
ciated wih Pendred syndrome, Klippel-Feil syn- 
drome, tmisomy, DeGeorge syndrome, teratogenic 
drugs, and maternal infection.'*? Neoplasms to be 
considered are pituitary adenomas and craniopha- 
ryngiomas, acoustic neuromas, cerebellar gliomas, 
III ventricle tumors, meningiomas, pinealomas, 
osteomas. and nasopharyngeal carcinoma. Osteo- 
myelitis must be ruled out especially in diabetics or 
immunocompromised individuals. 
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THE PRICE OF PRESERVATION OF HEARING IN 
ACOUSTIC NEUROMA SURGERY 


MIRKO Tos, MD JENS THOMSEN, MD, PhD 


COPENHAGEN, DENMARK 


Translabyrinthine surgery for acoustic neuroma was introduced in Denmark in 1976, and the results of the first 100 operations are 
presented. Two deaths occurred, unrelated to the ranslabyrinthine surgery. Postoperatively, 75% of the patients had normal facial func- 
tion, while function was reduced in 15% and abolished in 10%. The series represents 85% of all acoustic neuromas operated in Denmark, 
with 30 new neuromas being diagnosed each year, derived from a population of 5.1 million. The overall postoperative results are com- 
pared with the available results from suboccipital removals of acoustic neuromas, and are clearly in favor of the translabyrinthine ap- 
proach. It is concluded that centralization of acoustic neuroma surgery is necessary, that all acoustic neuromas regardless of size can be 
removed by the translabyrinthine approach and that the discussion about the hypothetical preservation of hearing by applying the suboc- 
cipital approach is being made without solid grounds. To adduce the theoretical chance of preserving hearing in a very small percentage of 
patients as an argument in favor of the suboccipital approach appears quite irrelevant, and the price of attempting this with the suboc- 
cipital approach is too high. 


Removal of acoustic neuromas via the translaby- high in order that others may have the predomi- 
rinthine approach' is undoubtedly cne of the nantly theoretical possibility of preserving a slight 
greatest advances within the field of otosurgery. residual hearing, which very often is useless for the 
During recent years, many clinics have reported on patient. In Denmark, 80-90% of all acoustic neu- 
large groups of patients'-!° with far better postoper- roma surgery has gradually become centralized to 
ative results than were formerly obtained by the one surgical team, and in view of this, we wish to 
suboccipital approach. It has therefore been as- discuss the importance of such a centralization. 
sumed that the translabyrinthine approach would 
gradually become the preferred method of opera- METHODS AND MATERIAL 


tion everywhere, although there is keen competition 
in many places between the two approaches, and 
thereby between neurosurgery and otosurgery, not 


Since the introduction of the translabyrinthine approach in 
Denmark in January 1976, and the subsequent establishment of 
an otoneurosurgical cooperation, 100 patients with acoustic 


least because the neurosurgeons have improved neuromas have been operated on up until April 1980, according 
their results of the suboccipital approach since the to the following principles: . 
introduction of the operating microscope.'!-!° This 1. All tumors regardless of size were operated on by otologists 
, we ‘ia using the translabyrinthine approach. 
is the reason why the translaby rinthine approach 2. If complete removal was impossible, the size of the tumor 
has not been introduced in several countries and was reduced, the facial nerve was dissected free and marked, and 
why, in most countries, more tumors are still being 1-2 weeks later the neurosurgeons removed the tumor remnant 
removed via the suboccipital approach than via the via the suboccipital approach. 
translabyrinthine approach. At the time of operation, 47 % of the patients were between 40 
and 60 years of age, 17% were over 60 years and 36% were under 
During recent years, one important argument for 40 years old. The oldest patient was 73 years old. There was no 
preferring the suboccipital approach has been the significant relationship (x? test p>0.05) between the age of the 
possibility of preserving hearing although reports patient and the size of the tumor, and the very large tumors were 


found with the same frequency among young and old patients. 


. G . 20 . 
of this are scarce. Smith et al found residual hear- The size of the tumor was determined according to the classifica- 


ing in 3 out of 10 patients with tumors smaller than tion by House.’ Only one tumor was intrameatal and did not pro- 
2 cm. The postoperative discrimination scores were trude into the cerebellopontine angle; 41 of the tumors were 
60% , 48% and 80% respectively. Cohen” reports medium-sized with an extrameatal diameter of up to 25 mm; 22 


tumors were large with an extrameatal diameter of 26-40 mm, 


preservation of hearing in 3 out of 6 patients with and 36 tumors were very large with a diameter between 40 mm 


tumors smaller than 2 cm. Others!!?>?3 have re- 


and 80 mm. 
ported a few cases with slight residual hearing, 
which, however, was not audiometrically verified. RESULTS 
Based on the results from the first 100 patients In the first year, we were unable to remove com- 
with acoustic neuromas operated via the translaby- pletely the very large tumors, not even those of 3 cm 
rinthine approach, we find it reasonable to discuss (Table 1). During the second year, already half of 
whether the price paid by some patients is not too the tumors could be removed and during the third 
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TABLE 1. NUMBER AND EXTRAMEATAL SIZE OF 
ACOUSTIC TUMORS NOT AMENABLE FOR 
TOTAL TRANSLABYRINTHINE REMOVAL 

(JANUARY 1976-APRIL 1980) 
a 
Total Suboccipital Size 
No. No. >4 cm Operation icm 





1976 10 3 4 3-6 
1977 19 6 3 5-6 
1978 30 10 2 6 
1979 24 10 0 4-7 
1980 17 7 0 4-8 
Total 100 36 9 


year we removed 80% of the tumors. Since May 
1978, all tumors have been removed completely via 
the translabyrinthine approach, the largest of these 
measuring 7 and 8 cm in diameter. An example is 
depicted in the figure, showing a CT scan of a pa- 
tient with a very large tumor, before and after 
translabyrinthine removal. 


Mortality. Two patients died. A 50-year-old male 
died two months after the suboccipital operation,” 
and a 73-year-old male died one day after the trans- 
labyrinthine operation. The latter had a 6-cm 
tumor and pronounced pressure symptoms that 
could not be relieved by a ventricle shunt, and the 
operation had to be performed on vital indication. 
Because of his age, total removal was not at- 
tempted. The operation went smoothly and the pa- 
tient was awake after the operation and had normal 
function of the facial nerve. One hour later, how- 
ever, he became unconscious with dilated pupils. 
The wound was immediately reopened and tie tu- 
mor remnant removed. The autopsy showed an ex- 
tensive cerebral hemorrhage in the temporal lobe 
from the medial cerebral artery and no subarach- 
noidal hemorrhage. The short interval between the 
two events makes a causal relation probable, al- 
though a coincidental cerebral apoplexy cannot be 
excluded. 





TABLE 2. RELATION BETWEEN TUMOR SIZE AND 
TIME INTERVAL BEFORE RETURNING TO 
PREVIOUS NORMAL LIFE AND WORK 





Tumor 
Size (mm No. lmo 3mo 6mo lyr Death 
Intrameata l l 
1-25 4] 32 6 2 | 
26-40 22 15 vi 
40-80 36 17 14 ] 2 2 
Total 100 65 27 3 3 2 


* Retired a> aze 64. 


Postop2xative CSF Leak. In 11% of the patients 
postoperative CSF leak occurred via the eustachian 
tube. In €% it stopped spontaneously within one 
week, and in 4% within two weeks. In one patient, 
who had CSF leak after physical stress six days after 
discharge from the hospital, the dura defect was 
closed w-th fascia lata four weeks after operation. 
There was no significant relationship between the 
size of e tumor and postoperative CSF leak 
(p> 0.05». Meningitis occurred in 4%, all of whom 
had posteperative CSF leak. No sequelae were found 
following treatment with antibiotics. Prophylactic 
antibiotic treatment was used in only the first 13 pa- 
tients. 


Length of Hospital Stay and Postoperative Life. 
The postoperative stay in the hospital was less than 
10 days for 55% of the patients, 10-15 days for 
19%, amc more than 16 days for 26%; 94% were 
discharged to their homes. 


Apart from one patient who retired at age 64 all 
patients meturned to their normal life and work; 
most of &sem started working within the first month 
(Table £} Nearly half of the patients with very 
large tumprs resumed their preoperative life within 
one morta. 


Cerebe lar Symptoms. Prior to the operation, 
29% of the patients had one or more cerebellar 


CT scan of very large acoustic neuroma 
A) before and B) after total removal by 
translabyrinthine approach. The direct ac- 
cess to the tumor We removal of the bone 
is clearly illustrated. 
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TABLE 3. CEREBELLAR SYMPTOMS IN 100 
ACOUSTIC NEUROMAS 
OOOO 
Tumor size (mm) 

Intra- Total Total 
meatal 1-25 26-40 >40  preop postop 
(N= (N= (N= (N= (N= N= 


( = 
Symptom 1) 41) 22) 36) - 00) 100) 


1. Romberg 2 2 11 15 l 
2. Gait dis- 

turbance == 7 5 25 37 l 
3. Dysdiado- 

chokinesis — 3 3 10 16 4 
1 +/or 

2 + /or 3- = 8 6 25 39 5 


dampi pew 


symptoms (Table 3) that were significartly related 
to the size of the tumor (p<0.01). Postoperatively, 
only 5% of the patients had cerebellar symptoms, 
which is a significant improvement (p< 0.01). 


Trigeminal Nerve Symptoms. Involvement of the 
trigeminal nerve (Table 4) either in the form of 
reduced sensibility of cornea and/or of tke face, oc- 
curred preoperatively in 29% — the relation to 
tumor size was significant (p<0.01) — and post- 
operatively in 4%. The postoperative reduction in 
the symptoms from the trigeminal nerve was signifi- 
cant (p<0.01). 


Pathological Optokinetic Nystagmus. An indica- 
tion of considerable pressure on the pons, pathologi- 
cal optokinetic nystagmus was found in 3% of the 
patients, which is a significant reduction (p < 0.01). 


In 28 patients with very large tumors removed 
via the translabyrinthine approach, the >ostopera- 
tive symptoms from cerebellum, the trigeminal 
nerve or optokinetic nystagmus were significantly 
less frequent (p<0.05) than in 9 patients in whom 
the tumor was removed secondarily via -he suboc- 
cipital approach (Table 5). One of the mentioned 
symptoms was present in 6 patients (21 % ) with very 
large tumors who had translabyrinthire surgery 
and in 7 patients (78%) who had suboccipital sur- 
gery. Among 63 patients with tumors smaller than 
40 mm, only one patient (2%) had one of the men- 
tioned symptoms postoperatively. 


TABLE 4. INVOLVEMENT OF THE TRIGEMINAL NERVE 
RELATED TO TUMOR SIZE 


Tumor size (mm) 
Intra- Toal Total 
meatal 1-25 26-40 >40 præp postop 
Decreased (N= (N= (N= (N= (N= N 


Sensation 1) 41) 22) 36) 10)) 100) 





Corneal — 3 2 18 23 l 
Facial = 2 ] 12 15 ] 
Corneal + 

facial — — — 9 9 2 
Corneal 

and/or 

facial — 5 3 21 29 4 


a p < 0.01 — ><0.01 


TABLE 5. PREOPERATIVE AND POSTOPERATIVE 
SYMPTOMS FROM EITHER THE CEREBELLUM, 
TRIGEMINAL NERVE OR OPTOKINETIC NYSTAGMUS 
M 


Symptoms 
Size in mm Preop Postop 
Operation Grou No. Median (range)* + -— + - 


Translabyrinthine 


<40 mm 63 23 20 20 
(0-40) 43 1 42 

>40 mm 28 55 24 6 18 
(41-80) 4 4 

Subocciptal 9 51 7 6 ] 
(30-70) 2. i 2 

Total 100 5l 49 14 86 


*Median of all sizes - 35 mm. 


Function of the Facial Nerve. The facial nerve 
was anatomically preserved in 93% of the patients 
(Table 6). The day after the operation, the function 
of the facial nerve was normal in half of the pa- 
tients, reduced in one fourth and abolished in the 
remaining one fourth. This percentage distribution 
remained unchanged at the follow-up investigations 
at six weeks, one month and three months after the 
operation. However, it did not concern the same 
patients, as the function improved in some patients 
and deteriorated in others. 


In the 59 patients first operated on, the function 
of the facial nerve was registered at the follow-up 
investigation one year after the operation; in the 
other 41 patients it was registered at the last control 
visit | to 7 months after the operation (Table 6). 
The function of the facial nerve was normal in 
67% , reduced in 17% , and abolished in 16% of the 
patients. When related to the size of the tumor, nor- 
mal function was found in the patient with an in- 
trameatal tumor, in88% of patients with medium- 
sized tumors, in 77 % with large tumors, and in only 
36% with very large tumors, which is significantly 
lowest (p<0.01). Since the function of the facial 
nerve was still improving in the latest operated pa- 
tients, we have reason to believe that 75% of pa- 
tients will have normal, 15% reduced and 10% 
abolished function of the facial nerve one year after 
the operation (Table 6). 


In patients secondarily subjected to the suboc- 
cipital operation, the facial nerve function was 
poorer than in patients with large tumors removed 
via the translabyrinthine approach, since no one 
had normal function in the first group against 43 % 
in the other group. 


The four patients subjected to a 12th-7th nerve 
anastomosis had a reasonable tonus, while only 1 
patient out of 4 subjected to cross-face transplanta- 
tion of nervus surralis had beginning clinical func- 
tion one year later. 


Ten patients had abolished or reduced function 
of the facial nerve preoperatively. These had a 
poorer postoperative function than patients with a 
normal preoperative function. Excluding those pa- 
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TABLE 6. POSTOPERATIVE FUNCTION OF TEE FACIAL NERVE 


TABLE 6. POSTOPERATIVE FUNCTION OF TEE FACIAL NERVE Ž Ž Ž —  ————— 


Pos: perative Function 


Tumor Anatomically “artial Total 
Size (mm) Total No. Preserved Normal Paresis Paralysis Anastomosis 

Intrameatal l l ] 

1:25 4] 40 36 341* ] 

26-40 29 22 17 1+1* 1 +2* 1 XII-VII 

> 40 36 30 13 6+ 5* 10 + 2* 3 XII-VII 

4 cross-face 
Total 100 93 67 10+ 7* 12 +4* 8 


*Will probably improve. 


tients who had preoperative involvement of the 
facial nerve and those who were operated subocci- 
pitally, a total of 79% had a completely normal 
function of the facial nerve after the translabyrin- 
thine approach (Table 7). Since the function of the 
facial nerve was improving in 11% at the last fol- 
low-up, we expect to find normal function in 35%, 
abolished function in 5% , and reduced function in 
10%. It is interesting to note that by the translaby- 
rinthine approach in patients with large tumors 
(26-40 mm in diameter), normal function cf the 
facial nerve occurred almost as frequently as m pa- 
tients with medium-sized tumors (Table 6). 


In patients with very large tumors, we are unable 
to obtain high percentages of normal postoperative 
function of the facial nerve with the translabyrin- 
thine approach, although they are considerably 
higher than those obtained with the suboccipital 
approach. 


Hematoma in the cerebellopontine angle occur- 
red in two patients. In one patient it was diagnosed 
by computer tomography performed because of a 
somewhat slow postoperative recovery; it was evac- 
uated one week later by the translabyrinthime ap- 
proach. The other patient had profuse bleeding and 
edema of cerebellum after removal of three fourths 
of the tumor which precluded removal of the rem- 
nant. Four months later, the tumor remnant was 
removed via the translabyrinthine approach, which 
resulted in development of a hematoma that was 
evacuated one week later. 


DISCUSSION 


When evaluating acoustic neuroma surgery, the 
most relevant question is, what are the total results 


TABLE 7. POSTOPERATIVE FACIAL NERVE FUNCTION 
AFTER TRANSLABYRINTHINE OPERATION IN 82 
PATIENTS WITH NORMAL PREOPERATIVE 
FUNCTION OF THE FACIAL NERVE 





Facial Nerve Function 


Tumor Total Normal Diminished Abolished 
size (mm) No. No. % No. % No. 4% 
Intrameatal ] 1 100 — — — — 
1-25 39 37 95 2 5 — — 
26-40 21 18 86 1 5 o* 10 
> 40 21 9 43 5* 24 3+4* 33 
Total 82 65 79 3+5*10 3+6* 11 


*Will probably improve. 


in a country or in a large geographical area? The 
second question is, which type of operation yields 
the best ~esults: the translabyrinthine or the suboc- 
cipital asproach? This must be indicative of whe- 
ther or ret attempts to preserve hearing can at all 
be considered an argument for the suboccipital ap- 
proach. The following summary is based on five 
years of 2xperience with acoustic neuroma surgery. 


l. In tee treatment of patients with large acoustic 
neuromes, cooperation with neurosurgeons is essen- 
tial. Ths applies to the preoperative treatment, eg, 
insertior of a ventricle shunt to relieve the increased 
intracra val pressure (which was performed in 11 
patients im this study), as well as to the postopera- 
tive folle w-up of the patients. 


2. Cer tralization of the acoustic neuroma surgery 
is defini ely necessary in order to improve the total 
results. This has been possible to a high degree in 
Denmar<. and during the last three years 80-90 % 
of all patients with acoustic neuromas have been 
operatec on by us using the translabyrinthine ap- 
proach. Especially in a country like Denmark, with 
a total population of 5.1 million inhabitants, such a 
centralization is important since just a little more 
than 3C patients are diagnosed and operated on 
yearly. f these operations were to be performed in 
differen: places, it would impair the results, regard- 
less of the approach used. Likewise, the total results 
would be impaired by a strict differentiation be- 
tween tle use of the two methods, eg, the translaby- 
rinthine approach for small and the suboccipital for 
the largtumors, or, vice versa, the suboccipital for 
the sma I tumors, in an attempt to preserve hearing, 
and thearanslabyrinthine approach for the large tu- 
mors. 


3. Al acoustic neuromas, regardless of size, can 
be remeved by the translabyrinthine approach, '™** 
althougi there are many technical problems with 
the large tumors (Table 1). Since such operations 
very often are prolonged, it is essential that two oto- 
surgeors take turns, which, furthermore, is a great 
advance for didactic reasons. 


4. Tne results obtained with the translabyrin- 
thine a proach'’'® have so far been considerably 
better tran those obtained with the suboccipital ap- 
proach “-'® This applies both to the mortality rate 
and to Ee function of the facial nerve, as also dem- 
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onstrated in the present study. It can thus be con- 
cluded that the price of preserving hearing via the 
suboccipital approach would be too high. 


5. In addition to the mortality rate and the func- 
tion of the facial nerve, the total evaluation of the 
patient should include other sequelae as well as the 
ability to resume a preoperative way of life. These 
parameters have only to a minor degree been evalu- 
ated in the literature on suboccipital acoustic neu- 
roma surgery,'” but they are considerably more im- 
portant for the patient than preservatior of a slight 
residual hearing. As shown in Table 1, 65% of the 
patients resumed normal work within the first 
month and the preoperative cerebellar symptoms 
(Table 3), as well as symptoms from the trigeminal 
nerve (Table 4), were significantly reduced. The 
great advantage of the translabyrinthine approach 
over the suboccipital approach is avoidance of pres- 
sure on the cerebellum.'? Also, postoperative ataxia 
probably occurs more frequently following the sub- 
occipital approach than following the trenslabyrin- 
thine approach, as was the case in this study (Table 


In an older study from Denmark, comprising 125 
acoustic neuromas operated via the suboceipital ap- 
proach from 1957 to 1972, the postoperative condi- 
tion was good in 27%; acceptable in 33%, who 
were able to take care of themselves; poor in 18%. 
who needed help in their daily lives; and 25% died. 
Since then the results have improved immensely, 
but exact documentation for the total postoperative 
course following the suboccipital approach is often 
lacking in the literature, and it ought to be included 
in the total evaluation of the two surgical ap- 
proaches. So far, the best neurosurgical study” 
reports poorer results than those obtained in most of 
the published studies using the translabyrinthine 
approach, including the present one. Postoperative 
hydrocephalus, which has not been reported after 
the translabyrinthine approach,’? oceurs fre- 
quently after the suboccipital approach. 


6. Reports of improved or preserved hearing in 
patients with tumors larger than 2 cm so far have 
not been published. In our study, only -hree pa- 
tients with tumors smaller than 25 mm had preop- 
erative hearing that was worth saving, ie, a speech 
audiometric index (SRT) better than 50 dB and a 
discrimination score of more than 80%. Even if it 
were possible to preserve this hearing, it would do 
more harm than good in patients with normal con- 
tralateral hearing (which was demonstrated in all 
of our patients). In von Recklinghausen disease. 
with bilateral neuromas, no one as yet has been able 
to preserve hearing, not even by the middle cranial 
fossa approach.”° In cases of small or medium-sized 
tumors, it is most often no problem to preserve the 
acoustic nerve, but this does not imply preservation 
of hearing, one of the reasons being that the vascu- 
lar supply is the same as for the tumor and must be 


severed. Another considerable risk in attempting to 
preserve hearing by the suboccipital approach is 
that the tumor in the fundus of the internal acoustic 
meatus must be left behind, as drilling out the re- 
maining 2-3 mm posteriorly in the meatus makes 
preservation of hearing impossible.”* So, to adduce 
the theoretical chance of preserving hearing in a 
very small percentage of patients as an argument in 
favor of the suboccipital approach appears quite ir- 
relevant to us. 


In patients with intrameatal tumors that do not 
protrude out of the meatus, Brachmann?° was able 
to preserve hearing in 10 out of 17 patients using the 
middle cranial fossa approach, but even in these 
cases, he prefers the translabyrinthine approach if 
hearing does not exceed 50 dB. In the present study, 
there was only one patient with an intrameatal 


tumor (Table 2) and he had a preoperative hearing 
of 80 dB. 


7. Today, translabyrinthine surgery is to a higher 
extent centralized to certain centers than is the sub- 
occipital operation. Reports published in recent 
years on suboccipital surgery have seldom com- 
prised more than 100 patients.'3:'*:'8 Considerably 
more reports have been published on the trans- 
labyrinthine approach.?*5:7:!°278 If we take the 
yearly incidence in Denmark of 30 acoustic neu- 
romas in a population of 5.1 million inhabitants 
and apply this to bigger countries, it gives a yearly 
incidence of 1,308 neuromas in North America, 368 
in Germany, 336 in England, and 318 in France. 
House’s study, from one of the places where 
acoustic neuroma surgery is most concentrated, 
comprises 500 patients who were operated during a 
period of seven years (from 1968 to 1975) which 
corresponds to 71 tumors a year. From 1975 to 
1977, a further 300 patients have been operated, 
corresponding to 100 operations a year.’ The total 
number of translabyrinthine operations per year 
performed in other centers in North America that 
have published results*®*?? and from clinics that 
have not published their results but are known to 
perform this operation probably does not exceed 
200 a year. This means that only one fourth of all 
acoustic neuromas in North America are removed 
via the translabyrinthine approach. 


Based on neurosurgical publications, which com- 
prise relatively small numbers of patients, it must 
be assumed that by far the majority of suboccipital 
operations in North America are strongly decentral- 
ized, which in itself must give rather poor total re- 
sults. 


In England, King and Morrison" have published 
the largest study of 150 patients, corresponding to 
15 patients a year. In France, Sterkers?® reported on 
126 patients, 15 a year. In Germany, results from 
more than 100 patients have not been published. 
Also in Europe, three fourths of acoustic neuromas 
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are operated by neurosurgeons at numerous neuro- 
surgical departments, of which there are about 1 
department/1 million inhabitants. Still using our in- 
cidence of 30 tumors/5.1 million inhabitants, each 
neurosurgical department should on an average 
operate about 6 tumors a year. Evidently, the re- 
sults from such small groups of patients must be 
poorer than those obtained in centers specializing in 


this tvpe of surgery. A survey on a national basis 
will in al) probability show poorer results with the 
suboccipi-al approach than are evident from the 
scarce neurosurgical publications during recent 
years.''"'* On the basis of these calculations, it must 
be concluced that the price of attempting to pre- 
serve hearing with the suboccipital approach is very 
high, peraaps even too high. 
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WARTHIN’S TUMOR, A MULTIFOCAL DISEASE 
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Of all salivary gland neoplasms Warthin’s tumor is the only lesion which is truly multicentric. The most common presentation of these 
multiple lesions is bilateral solitary masses. We present the first reported case of bilateral multiple tumors occurring simultaneously. The 
embryology of the salivary glands as it relates to th= pathogenesis of this tumor is discussed. The differential diagnosis of the multinodular 


parotid gland is reviewed. 


An unusual tumor consisting of both lymphoid 
and parotid ductal elements was first described by 
Albrecht and Artz in 1910.' Warthin reported two 
cases of this lesion in 1929? and coined the term 
“papillary cystadenoma lymphomatosum.” This en- 
tity, now commonly referred to as Warthin’s tu- 
mor, is the second most common benign lesion of 
the parotid gland and represents about 6% of all 
parotid neoplasms.’ Whereas most major salivary 
gland tumors occur as solitary lesions, Warthin’s 
tumors have been reported to occur as bilateral le- 
sions and/or multiple unilateral tumors.* '? We pre- 
sent a case of multiple Warthin’s tumors occurring 
in each parotid gland at the same time. This simul- 
taneous bilateral multicentric presenta-ion is the 
only such case found in a review of the literature. It 
is the purpose of this paper to present this case and 
discuss the resulting clinical implications of War- 
thin’s tumor in the differential diagnosis of the 
multinodular gland. 


CASE REPORT 


A 56-year-old white male was found on routine head and neck 
examination to have multinodular lesions of both parotid glands. 
Each gland had three distinct masses to palpation. all of which 
were firm, nontender and measured 2-3 cm in diameter. The pa- 
tient had no associated symptoms and claimed to have had these 
lesions for many years. The other salivary glands and the lacrimal 
glands were normal. He was otherwise in good heal:h and specif- 
ically had no symptoms of xerostomia or arthritis. A chest film 
was normal. Because of the multinodular bilateral involvement 
the patient was clinically felt to have Mikulicz’s disease or a 
systemic granulomatous disease such as sarcoidosis A CT sialo- 
gram was performed which revealed multiple benizn-appearing 
lesions which were confined to the parotid gland (Fig. 1). There 
was no infiltration of the surrounding tissues. The punctate and 
globular sialographic changes of the autoimmune diseases were 
not seen (Fig. 2). An excisional biopsy of one of the lesions in the 
tail of the left gland was diagnostic of Warthin’s tumor. In order 
to confirm that the contralateral gland was involved with War- 
thin’s tumors and that the remaining masses in the left parotid 
gland were of similar histology, a Tc’? parotid scan was per- 
formed. It revealed bilateral intense parotid uptake consistent 
with this diagnosis (Fig. 3). The benign nature of tae lesion was 
explained to the patient and he declined further surgery unless the 
lesions increased in size. 


DISCUSSION 


Warthin’s tumor usually presents as an asymp- 
tomatic solitary slow-growing mass in the tail of the 
parotid gland.'’ Only 10% of the patients complain 
of pain, pressure or a more rapidly enlarging mass.’ 
The tumor is essentially benign with malignant 
transformation being extremely rare.'* Facial nerve 
involvement is extremely rare. Eighty percent of the 
patients are in the fourth to seventh decades and 
there is a 5:1 male predominance.’ It is very rare to 
find this tumor in a noncaucasian.'' Gross examina- 
tion reveals an encapsulated roundish tumor that is 
either cystic or semisolid. Usually a brownish mu- 
coid fluid exudes from the freshly cut surface. Solid 
areas are gray and may have small white nodules 
which represent lymphoid follicles. 


Microscopically, a tubulopapillary-cystic epithe- 
lial pattern is seen within lymphoid tissue or a 
lymph mode. The epithelium is a double layer of 
oxyphilic finely granular cells. This appearance is 
due to an abundance of mitochondria as deter- 
mined by special stains and electron microscopy.’ 


The currently accepted theory of the pathogene- 
sis of Warthin’s tumor is that it has its origin from 
heterotopic salivary gland ductal tissue within 
lymph nodes which are either included in or lie ad- 
jacent to the parotid gland.* Embryologically the 
parotid gland arises from a loose arrangement of 
cells and encapsulation occurs late in its develop- 
ment. This unique situation allows an admixture of 
developing lymphoid and parotid tissue which re- 
sults in inclusion of salivary ducts in the developing 
lymph nodes. The subsequent formation of the 
glandular capsule then separates the intraparotid 
and extraparotid nodes, some of which contain duc- 
tal elements that may give rise to Warthin’s tumor 
either within the parotid gland or its adjacent 
lymph nodes. 


Unequivocal evidence for this pathogenesis was 
provided by Azzopardi'’ who reported a case of 
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multiple unilateral Warthin’s tumors with one le- 
sion, within a lymph node, showing clear transition 
from ductal elements to Warthin’s tumor. The em- 
bryogenesis of this lesion further explains why ap- 
proximately 20% of Warthin’s tumors present as an 
extraparotid neck mass.’ 


The submaxillary and sublingual glands develop 
as compact entities and encapsulation occurs ¢ arly, 
preventing the mixing of salivary and lymphoid 
tissue. Thus Warthin’s tumor originates exclusively 
from the parotid gland or its immediate environs."' 


Ihe intermingling of salivary and lymphoid 
tissue occurs diffusely, throughout both parotid 


Fig. 1. Axial CT scan performed im- 
mediately after sialogram. A) Contrast 
material in the left parotid gland with 
two discrete masses seen within gland 
(straight arrows). Margins with adjacent 
parotid tissue are smooth. Note fullness in 
right parotid region (curved arrow). B) 
Scan at different level reveals third large 
mass in posterior portion of deep lobe 
(large arrow) and lower margin of lateral 
mass seen in A (small arrow). 


glands. S ree one such site can lead to the develop- 
ment of e Warthin’s tumor, the potential is present 
to have maltiple tumors develop either unilaterally 
and/or bdaterally. That this is, in fact, the case is 
exemplified by reported cases demonstrating multi- 
centricity. =" Although the most common clinical 
presentaten of a Warthin’s tumor is that of a 
solitary mass in the tail of the superficial lobe, the 
most common presentation of a multifocal occur- 
rence is > lateral solitary tumors. Other less com- 
mon pres2atations are 1) a solitary lesion on one side 
and mult ple tumors on the other side, 2) unilateral 
multiple esions and 3) bilateral multiple tumors. In 
the vast majority of cases of bilateral involvement, 





Fig. 2 A) Lateral sialogram film reveals displacement of upper pole protic «ucts around mass lesion (arrow) with crowding of 
posterior ducts. B) Oblique frontal sialogram film reveals three masses (1. 2. :} each displacing parotid ducts around them. 
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Fig. 3. A) Right and B) left oblique views of a Tc” 
parotid scan reveal bilateral intense uptake of ‘sotope. 





the second lesion usually occurs as a separate entity 
manifesting itself months to years after the initial 
lesion.*'? The commonly quoted statistic of a 6% 
bilateral occurrence*'* of Warthin’s tumor gives an 
erroneously low impression of the multicentric na- 
ture of this tumor. There are several reasons justify- 
ing the above statement. 

1. This statistic does not include cases of multiple 
lesions occurring in the same gland. 

2. A second lesion in the opposite gland may be 
falsely reported as a single entity because the time 
interval between it and the first lesion was so long 
that the patient had changed doctors or the charts 
were lost. 

3. A second lesion in the same glard may be 
reported as a “recurrence” while in fact it represents 
a second primary. 

4. Only one lesion may be grossly visible and if 
the salivary gland is not examined histologically, 
microscopic foci of tumor may be missec. This was 
demonstrated by a retrospective study in which the 
pathology slides of the salivary glands containing 
Warthin’s tumor were reviewed."° Thirty percent of 
the specimens were found to have gross and micro- 
scopic evidence of multiple lesions. Patey” designed 
a prospective study scrutinizingly examining in- 
volved parotid glands. The salivary glands were 
serially sectioned and the slides studied for 
microscopic foci of tumor. In this study multiple le- 
sions were the rule rather than the exception with 4 
out of 5 glands demonstrating more than obne lesion. 
The finding of occult Warthin’s tumors in radical 
neck dissection specimens emphasizes the slow evo- 
lution of this lesion resulting eventually in grossly 
detectable disease.’ This further supports the con- 
cept that the incidence of this lesion is higher than 
indicated by clinical or gross examination of the 
specimen alone. Even microscopic examination of a 
few slides through the area of the lesion is not ade- 
quate in this regard and it seems necessary to per- 
form serial sections of the entire portion of the 
removed parotid gland in order to give reliable sta- 
tistics of multicentricity. 

5. It is conceivable that the involved gland may 
have only one Warthin’s tumor and that the con- 
tralateral gland has only microscopic foc: of tumor 





which clinically may not manifest themselves be- 
cause of their slow growth potential. 

Despite the benign nature of Warthin’s tumor 
there is a significant postoperative recurrence rate 
of 12% .'* This is higher than for the benign mixed 
tumor and can be explained by the frequency of 
multiple lesions. Thus, unless the tumor is violated 
at the time of surgery, the term “recurrence” is ac- 
tually a misnomer because the subsequent lesion ac- 
tually represents a second primary and not residual 
tumor or spilled tumor cells. 


A superficial parotidectomy should be the proce- 
dure of choice for removal of Warthin’s tumor in 
order to remove multicentric foci of disease.'° A 
total parotidectomy is theoretically a more com- 
plete operation, but because of its greater morbidity 
it should be reserved for cases in which there is 
palpable evidence of tumor in the deep lobe at the 
time of surgery. The only indication for a local 
resection of a palpable tumor would be a Warthin’s 
tumor occurring in the neck away from the main 
gland itself. 


Most salivary gland lesions are single lesions un- 
less recurrent and Warthin’s tumor is the only neo- 
plasia which is primarily multifocal.*! This places 
Warthin’s tumor in a unique position and it must be 
included in the differential diagnosis of the multi- 
nodular parotid gland. The other entities to consid- 
er are the autoimmune diseases, the granulomatous 
diseases and rarely neurofibromatosis, lympho- 
neoplasms and metastases. Isolated case reports 
describe the rare coexistence of two different types 
of salivary gland tumors.’ Differentiation between 
these diseases may be further accomplished by a 
combined clinicoradiographic approach. The clini- 
cal presentations have all been well described. Ra- 
diographically the conventional sialogram will 
identify the autoimmune diseases by a pathog- 
nomonic uniformly diffuse punctate or globular ap- 
pearance. All the remaining lesions usually appear 
as multiple, discrete space-occupying masses which 
displace the adjacent parotid ducts around them. 
The CT-sialogram increases the sensitivity of the 
roentgen procedure by allowing easier detection of 
occult disease. Rarely the lymphoneoplasms and 
metastases may show frank sialographic changes of 
malignancy. These include abrupt ductal cutoff, 
lack of parenchymal filling, irregular pooling of the 
sialographic contrast material within the tumor and 
rarely parotolymphatic backflow can be seen. 


A Tc” scan will show progressive glandular up- 
take in those tumors which contain oncocytes. 
These include Warthin’s tumor and the rare on- 
cocytoma. Because this latter tumor is not a 
multicentric lesion, it is not included in the dif- 
ferential diagnosis of the multinodular gland. Thus, 
if the clinicoradiographic findings are those of a 
multinodular parotid gland a positive Tc” scan will 
establish the diagnosis of multifocal Warthin’s 
tumors. 
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DEAFNESS IN CRYOGLOBULINEMIA 


YASUYA NOMURA, MD 
SHIGEO MORI, MD 
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TOKYO, JAPAN 


We present a histopathological study of a 44-year-old female with essential cryoglobulinemia. She had suffered from purpura and 
ulcer in winter, bilateral tinnitus and progressive hearing loss. An audiogram taken a week before her death showed bilateral total 
deafness. In the cochlea of the left temporal bone, the organ of Corti was either missing or present as a mound. The stria vascularis was 
atrophic throughout the cochlea. The tectorial membrane showed drooping and encapsulation. Reissner membrane was in the normal 
position. Eosinophilic precipitate was noted in the scala media at the site where Reissner membrane bulged. The spiral ganglion cells were 
well preserved. In the lower basal turn, there was fibrosis and ossification intermingled in the scala tympani. Ossification was most marked 
near the basal end. The semicircular canals and vestibule were almost totally ossified and fused with surrounding bone. There was a small, 
cyst-like structure in the vestibule containing eosinephilic fluid. Our findings indicate that the deafness was the result of circulatory dis- 
turbance due to cryoglobulinemia. To our knowledge, this is the first cryoglobulinemia case in which temporal bone findings are reported. 


Circulatory disturbances in the inner ear can pro- 
duce gradual or sudden sensorineural hearing loss, 
depending on the changes of the circulatcry systems 
involved. The morphological and physiological as- 
pects of inner ear changes attributable to experi- 
mental arterial or venous flow disturbances have 
been well documented.'* However, there is little 
histopathological evidence proving that alterations 
in cochlear circulation result in sensorine iral hear- 
ing loss. In leukemia, hemorrhage in the cochlea is a 
relatively common finding®? and human temporal 
bone studies revealed sudden deafness to be attribu- 
table to vascular origin.®”’ 


Cryoglobulinemia can produce circulatory dis- 
turbances in the extremities with occasional sensory 
neuropathy and deafness.” '° We now present histo- 
pathological findings on an essential cryoglobuli- 
nemia patient with bilateral slowly progressive 
hearing loss and eventual total deafness. 


CASE REPORT 


A 44-year-old woman visited a local hospital in 
March 1960 with the chief complaint of purpura 
and petechiae in the lower extremities. Subse- 
quently, these symptoms worsened every winter. In 
1965, arthralgia appeared in all joints after the 
birth of an apparently normal child. In 1968, a 
diagnosis of cryoglobulinemia was made, because 
refrigeration of her serum (4°C) resulted in a whit- 
ish precipitate which could be resolved by exposure 
to warm temperature. After further exammations, 
the diagnosis was essential cryoglobulinemia of 
mixed type (IgG-IgA) and the patient received pre- 
donine, inositol hexanicotinate and vitamm C. In 
1972, she was admitted for two months to Univer- 
sity of Tokyo Hospital because of exacerbation of ul- 


cers on the lower extremities. Admission examin- 
ation revealed the serum cryoglobulin level to be 
150 mg/dl; the cryoglobulin was of mixed type (IgG 
and IgA); cryocrit was less than 2%. C-reactive 
protein was strongly positive, ASO x 1250; the pa- 
tient was RA-negative and the direct Coombs test 
returned negative results. ESR was 105 (1°); sero- 
logic tests for syphilis were negative. 


In March 1972, she first noted tinnitus and hear- 
ing loss of the left ear. During each subsequent 
winter and spring, the symptoms worsened. Fundu- 
scopic findings were bleeding and grade III (Keith- 
Wagener) hypertension. Dizziness appeared in Jan- 
uary 1978 and as her hearing loss was progressive, 
she was fitted with a hearing aid in August 1978. 
However, her hearing deteriorated to the point 
where the hearing aid was useless. 


In September 1978, the patient was brought to 
our department on a stretcher. The chief complaint 
was deafness. Upon inspection, the eardrums were 
normal; audiograms were indicative of total bilat- 
eral deafness. There was no spontaneous nystag- 
mus; the nasal septum had a perforation about 1 cm 
in diameter. One week later, she expired of bron- 
chopneumonia. 


Postmortem findings revealed systemic vasculitis 
in several organs, and there were rather massive 
changes in the kidneys, liver and colon. The mor- 
phological features of the arteritis were somehow 
different from those of typical periarteritis nodosa. 
The involved arteries were medium to small. The 
inflammatory cell reaction was rather mild, and in- 
filtrating cells were exclusively lymphocytes, lack- 
ing in neutrophil leukocytes. Intimal hyperplasia 
and adventitial fibrosis were the most common 
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findings. Few arteries took the form of necrotizing 
arteritis, while acidophil amorphous mass deposi- 
tion in the intima and microthrombi in affected 
arteries were common. Due to vasculitis of the ar- 
cuate and interlobar arteries, the kidneys mani- 
fested nephrosclerosis with a peculiar, coarse gran- 
ular surface. In the colon, several small ulcers were 
found: these were attributable to vasculitis of the 
mucosa. 


The left temporal bone was removed five hours 
postmortem and immediately fixed in a 10% for- 
malin solution. Horizontal, 20 „m-thick sections 
were prepared according to the conventional cel- 
loidin embedding method. Every tenth section was 
stained with hematoxylin and eosin and used for 
study. 


TEMPORAL BONE FINDINGS 


Cochlea. In all cochlear turns, the organ of Corti 
was either missing or noted as a mound on the basi- 
lar membrane (Fig. 1). 


The spiral ganglion cells were relatively well pre- 
served. The nerve fibers within the osseous spiral 
lamina were densely populated. There were degen- 
erative changes of the tectorial membrane with 
drooping into the inner sulcus. In some areas, this 
membrane was spherical and encapsulated (Fig. 2). 
The limbus revealed a loss of interdental cells. 


The stria vascularis was atrophic throughout the 
cochlea and eosinophilic precipitate containing 
floating macrophages was found in the scala media 
of the upper middle turn (Fig. 3A). Reissner mem- 
brane revealed bulging at the site of the precipitate 
in the scala media. In the scala media of the upper 


Fig. 1. Midmodiolar section of the left 
es A showing an eosinophilic precipi- 
tate in the scala media of the upper mid- 
dle turn. Organ of Corti is either missing 
or present as a mound. Stria vascularis is 
atrophic throughout the cochlea. Spiral 
ganglion cells are fairly well preserved. 


basal tæn, heavy concentrations of proteinaceous 
exudate with fibrin-like crystals and occasional 
mononuear cell infiltration were present (Fig. 
3B). In some sections, strial cells with stalks pro- 
truded iato the precipitate at the junction of Reiss- 
ner membrane and the atrophic stria. 


There was marked ossification of the scala tym- 
pani of the lower basal turn (Fig. 4). The round 
window was completely closed by bony tissue. To- 
ward the apex, the bony tissue decreased gradually; 
approximately 7 mm from the basal end, the scala 
tympani was mainly occupied by connective tissue 
with me anocytes. 


There were few blood vessels in the spaces of the 
modiolu: and no vasculitis was noted. However, 
some lymphocytic infiltration around the small 
modiola> artery was present (Fig. 5). The number 





Fig. _- Partial drooping of the tectorial membrane into 
the inner sulcus. Remainder of the membrane is encapsu- 
lated er the limbus which shows atrophy of the interdental 
cells. Nə nner sulcus cells are seen. 
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Fig. 3. A) Eosinophilic precipitate in the scala media of 
the upper middle turn. Note the scattering of macrophages 
containing brownish pigment. Strial cells are also ob- 
served. Reissner membrane shows bulging. B) Heavy con- 
centrations of proteinaceous exudate with fibrin-like cry- 
stals and occasional mononuclear cell infiltraticn in the 
scala media of the upper basal turn. 


of small vessels in the interscalar septum and spiral 
ligament was markedly decreased. No capillaries 
were observed in the atrophic stria. The diameter of 
the inferior cochlear vein seemed to be decreased. 
The cochlear aqueduct was normal. The temporal 
bone was devoid of nerves and blood vessels in the 
internal auditory meatus. 


Fig. 4. Ossification and fibrosis in the 
scala tympani of the lower basal turn. 
Note the marked ossification at the basal 
end. 





Vestibule and Semicircular Canals. There was re- 
markable ossification in the vestibule and semicir- 
cular canals (Fig. 6). The sensory epithelium of the 
maculae and cristae was completely missing. Spaces 
of the vestibule and canals were almost completely 
occupied by bony tissue adjacent to which there 
was connective tissue with melanocytes. In the ves- 
tibule, a space containing eosinophilic fluid with 
scattered histiocytes was seen. This space, lined by a 
single cell layer and surrounded by connective tis- 
sue, may represent the original endolymphatic 
space although it was not in the normal position. 
The vestibular nerves of the superior and inferior 
division showed a marked loss of fibers. The vesti- 
bular aqueduct, the paravestibular canaliculus and 
the endolymphatic sac appeared almost normal. 


DISCUSSION 


According to the immunoglobulin constituents, 
cryoglobulin is classified as pure or mixed mono- 
clonal or polyclonal cryoglobulin.'! Pure mono- 
clonal cryoglobulin is of four types: IgG, IgM, IgA, 
and Bence-Jones type. It has been found in some pa- 
tients with multiple myeloma, macroglobulinemia, 
malignant lymphoma, collagen- and liver disease. 


Of the three mixed monoclonal cryoglobulin 
types (IgM-IgG, IgA-IgG, and IgG-IgG), IgM-IgG 
is most common. In the IgM-IgG type, IgM has the 
character of anti-IgG antibody. While IgM and IgG 
alone do not show precipitation at low tempera- 
ture, admixed they do. Mixed type cryoglobulin has 
been found in some patients with macroglobuli- 
nemia, multiple myeloma, and malignant lym- 
phoma. Barnett et al'? reported that essential 
cryoglobulinemia can be diagnosed by excluding 19 
diseases. 


The characteristic clinical signs and symptoms of 
cryoglobulinemia are purpura, arthralgia and Ray- 
naud-like symptom in the lower extremities. Pro- 
teinuria, hematuria, oliguria and edema may ap- 
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Fig. 5. Modiolar blood vessel. Some lymphocytic in- 
filtration in the perivascular tissue is present. 


pear suddenly and the acute renal insufficiency may 
be fatal. In cryoglobulinemia, the histopathologic 
changes essentially consist of diffuse glomerulo- 
nephritis. Swelling of the endothelium, leukocytic 
infiltration, mesangial proliferation, and thicken- 
ing of the glomerular basement membrane are com- 
mon findings. Precipitation of immune complex in 
the glomeruli has been suggested as the cause of 
glomerulonephritis.'’ 


Barr et al® were probably the first to report tin- 
nitus and progressive deafness as symptoms of cryo- 
globulinemia and similar findings have subsequent- 
ly been documented.” '° 


Patients with macroglobulinemia, some of whom 
are known to have cryoglobulin, occasionally mani- 
fest cochlear and vestibular disorders. Ronis et al'* 
reported two patients whose symptoms were related 
mainly to the eighth nerve function; however, over- 
all the incidence of involvement of the eighth nerve 
function is low. According to Logothetis et aL of 


Fig. 6. Pathologic changes in the 
eet ule and Pre canal. Lateral can- 
al is almost completely ossified. A mix- 
ture of fibrosis and new bone and eosin- 
ophilic precipitate are noted in the ves- 
tibule. The endolymphatic duct and 
paravestibular canaliculus seem nor- 
mal. 


182 macroglobulinemia patients with neurologic 
manifestation, 9 (5%) showed vestibular involve- 
ment and 7 (4%) suffered hearing loss. 


Our petent had a 6-year history of gradually 
progressirg bilateral hearing loss and dizziness. 
Based on her signs and symptoms, the hearing loss 
was thought to be due to cryoglobulinemia-induced 
circulatory disturbance of the inner ear. 


The syrptoms of cryoglobulinemia are explic- 
able by the physicochemical properties of cryoglob- 
ulin. Although the mechanism by which cryoglob- 
ulin is fommed has not yet been elucidated, the im- 
munoglobulin responsible for cryoglobulin forma- 
tion seems to be characterized by its conjugation 
under low temperature conditions. Blood viscosity 
is markedly increased by the presence of cryoglobu- 
lins. Melzer and Franklin'® reported a case in 
which the viscosity of the serum was 20 times that of 
normal serum. 


When le extremities are exposed to cold, intra- 
vascular eryoglobulin precipitation occurs, leading 
to circuzatory disturbance and eventually, to 
thrombus ‘ormation. Histamine and other vasoac- 
tive cheraical mediators are released locally and 
they increase the permeability of the blood vessels. 
As a consequence, perivascular infiltration may re- 
sult. 


Alternatively, cryoglobulin formation may be the 
result of antigen-antibody reaction. In mixed type 
cryoglobulin, individual immunoglobulins do not 
produce a precipitate even under low-temperature 
conditions. However, upon admixing, precipitation 
occurs at low temperatures. This phenomenon is 
thought æ be ascribable to antigen-antibody re- 
action rather than agglutination. 


Mixed ‘ype cryoglobulin may combine with com- 
plement ¢ produce an immune complex, as sug- 
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gested by the finding that the level of complement 
in circulating blood decreases as tissue injury pro- 
ceeds in patients with mixed type cryoglobuli- 
nemia.'*'’ There is some evidence supporting the 
hypothesis that the immune complex plays a role in 
producing the symptoms. For example, upon im- 
munofluorescence study, immunoglobulin precipi- 
tates are noted on the vascular wall. The dermal 
and renal pathology in mixed type cryoglobuli- 
nemia is similar to that in serum sickness. These ob- 
servations support the contention that antigen- 
antibody reaction is responsible for the develop- 
ment of the symptoms. 


The inner ear may be involved in systemic vascu- 
lar diseases. Periarteritis nodosa is a systemic disease 
which involves the small elastic arteries of par- 
ticular organs. Involvement may also be wide- 
spread. Gussen’? and Jenkins et al'® reported in- 
volvement of the inner ear in periarteritis nodosa, 
although such involvement is rare. 


Nomura and Kitamura” reported a case of pulse- 
less disease with perforation of the nasal septum in 
which bilateral abrupt sensorineural hearing loss 
was observed. Their temporal bone study revealed a 
clear-cut separation of the normal organ of Corti 
toward the apex and the complete lack of hair cells 
in the basal turn. However, these workers were un- 
able to histopathologically establish a causative re- 
lationship between the pulseless disease and the sen- 
sorineural hearing loss. 


Not only diseases of the vascular walls, but also 
those of the blood and its constituents may produce 
changes in the inner ear. Hearing loss in the course 
of leukemia may be due to hemorrhage in the inner 
ear or to labyrinthitis.° 


Different vascular experiments on the inner ear 
produced different types of pathology. The major 
histopathological change brought about by the sud- 
den blockage of the arterial supply was the disinte- 
gration of the organ of Corti within a few hours. 
Finally, fibrosis and ossification of the cochlear 
duct and the perilymphatic space resulted and the 
lesion spread toward the apex from the basal turn. 


Gussen® reported a patient experiencing sudden 
deafness. Temporal bone study indicated that the 
deafness was of vascular origin. Pathologically, the 
cochlea, saccule and posterior ampulla were in- 
volved. These changes were consistent w:th vascu- 
lar embarrassment of the temporal bone. in addi- 
tion, the posterior vestibular artery was tiought to 
be involved. 


Belal’ reported two cases of sudden deafness. The 
temporal bones, removed | and 12 years after the 
episode, showed fibrosis and new bone formation 
within the cochlea. Sacrifice of the internal audi- 
tory artery, either by middle fossa or trarslabyrin- 
thine removal of the acoustic tumors, resulted in 


ossification of the cochlea. One of his patients mani- 
fested ossification of the entire cochlea one year 
after tumor removal. 


Based on the distribution of the arterial supply to 
the inner ear in our patient, the ossified areas were 
supplied by the anterior and posterior vestibular 
artery and by the vestibulocochlear artery. The 
main cochlear artery may not have been occluded, 
because except for the lower basal turn, the cochlea 
showed neither fibrosis nor new bone formation in 
the perilymphatic space. 


Under pathological conditions, the tectorial 
membrane of human temporal bones shows varying 
changes such as detachment, atrophy, fragmenta- 
tion, and encapsulation. In endolymphatic viral 
labyrinthitis, the tectorial membrane is encap- 
sulated on the limbus.*'-** In Gussen’s patient, the 
tectorial membrane was either depressed into the 
inner sulcus, fragmented or encapsulated on the 
limbus.‘ 


Similarly, in our patient, one portion of the tecto- 
rial membrane drooped, and another was encapsu- 
lated. This suggests that the existing circulatory dis- 
turbance in the cochlea was also responsible for 
these changes of the tectorial membrane. Swelling 
of this membrane and its detachment from the spir- 
al limbus was a unique finding in arterial obstruc- 
tion experiments. 


The absence of the stria vascularis is associated 
with a marked decrease in the endolymph volume 
of the pars inferior.” Despite atrophic stria vas- 
cularis, in our case, there was no evident decrease of 
endolymph in Reissner membrane. Rather, in some 
areas where the endolymph in the scala media 
showed eosinophilic staining, the membrane was 
bulged. The altered endolymph may have main- 
tained a high osmotic pressure and, therefore, a 
high endolymph volume in the scala media. 


Endolymph staining is occasionally found in pa- 
tients with sensorineural hearing loss of unknown 
etiology, and increased protein concentrations re- 
sult in eosinophilic staining.” The results of our 
study indicate that the eosinophilic endolymph in 
the scala media was brought about by a circulatory 
disturbance of the inner ear. 


The endolymphatic duct and sac and the paraves- 
tibular canaliculus showed no lesions in our patient. 
Kimura and Perlman' also noted that the endolym- 
phatic sac is not directly affected by arterial lesions. 


Despite the complete loss of hair cells, the gang- 
lion cell population in our patient was at an almost 
normal level. This observation contrasts with that 
made in acute arterial obstruction of the labyrinth 
in the latter case; the ganglion cells showed 
degeneration in an early stage of obstruction.? In 
profoundly deaf patients, Kerr and Schuknecht?’ 
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found that the spiral ganglion cells were either fair- 
ly well preserved, even in the presence of severe 
atrophy of the organ of Corti, or markedly de- 
creased. In one of their patients who suffered sud- 


den, com ete and permanent hearing loss, vascular 
occlusiom was presumed as the etiological factor. 
There were a few ganglion cells at the basal end 
where ths organ of Corti was completely missing. 
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A chinchilla animal model was used to determine the effects of early antibiotic treatment with ampicillin on the local and systemic 
protective mechanisms during pneumococcal acute otitis media with effusion (AOME). The right bullae of 74 chinchillas were inoculated 
with 170 colony-forming units (CFU) of Streptococcus pneumoniae type 7F, and animals were randomly assigned to 1 of 2 groups: early 
(24 hours postinoculation) and late (12 days postinoculation) initiation of ampicillin treatment. During the first challenge, 52 chinchillas 
died within a 1-month period, apparently from suppurative complications of AOME. Following the resolution of AOME in their right 
ears, all surviving animals were challenged for the second time by bilateral bullar inoculations using 130 CFU of the same organism. All 10 
animals in the early ampicillin treatment group developed severe bilateral AOME, whereas only 3 of the 12 animals in the late ampicillin 
treatment group developed a recurrence of AOME in the right ear. Significantly, 8 of the 12 animals in this group developed severe left 
AOME. These findings suggest the presence of a local middle ear defense system and support the results of previous similar studies in which 
S pneumoniae types 3 and 6A were used. The results of the present study also suggest that in the chinchilla the early administration of a 


systemic antibiotic (ampicillin) interferes with this defense mechanism. 


INTRODUCTION 


The advent of antimicrobial therapy has altered 
the natural course of acute otitis media with effu- 
sion (AOME) as manifested by an overall decline in 
the incidence of suppurative complications and an 
apparent increase in the persistence and recurrence 
of otitis media with effusion. The pathogenesis of 
recurrent AOME has been investigated recently 
from the immunologic point of view, using an ani- 
mal model. Evidence for a local middle ear protec- 
tion mechanism has been reported in two recent 
longitudinal studies of AOME which used the chin- 
chilla animal model.'’ The design of each of these 
studies involved repeated inoculation of the middle 
ear with a specific pneumococcal serotype, type 3 or 
type 6A, followed by documentation of the middle 
ear status by various techniques. The results showed 
that, following the initial challenge, the ipsilateral 
middle ear was resistant to subsequent challenges 
with homologous organisms, but the contralateral, 
previously unchallenged, ear was not afforded pro- 
tection. These findings suggested the presence of a 
local middle ear protection mechanism that is de- 
pendent on previous exposure to the same bacter- 
ium. Lewis et al' reported that the early ad- 
ministration of ampicillin rendered this local pro- 
tection mechanism ineffective. 


In order to complement and to verify the results 
reported by Lewis et al' we used a different pneu- 
mococcal serotype (type 7F), which is purported to 


be highly antigenic in the chinchilla,’ to study the 
efficacy of ampicillin in the treatment of pneumo- 
coccal otitis media. The hypothesis of the present 
investigation was that early treatment with am- 
picillin of pneumococcal AOME may interfere with 
the necessary antigenic stimulation required to ac- 
tivate the local protection mechanism to prevent 
recurrent homologous infection. 


MATERIALS AND METHODS 


Seventy-four healthy l- to 2-year-old chinchillas (Chinchilla 
laniger) culled from breeding stock because of defective fur and 
weighing 400 to 500 mg each were utilized in this study. The 
strain of S pneumoniae supplied was type 7F. Pneumococcal 
growth and preparation methods as described by Giebink et al?~* 
were followed. Virulence of the organisms was maintained by 
passage through the chinchilla. Aliquots of prepared stationary- 
phase bacteria were frozen in a glycerin buffered albumin suspen- 
sion at -70° C. An aliquot of frozen pneumococcal suspension was 
thawed and diluted in sterile saline to the desired concentration of 
approximately 150 CFU immediately prior to each inoculation. 
The inoculation procedure, the assessment of middle ear status, 
the determination of pneumococcal antibody levels, and the 
methods used to culture middle ear specimens were reported pre- 
viously.’ 

An overview of the present study design is depicted in Figure 1. 
The challenge 1 phase of the study, lasting 40 days, represents the 
period from the initial to the second inoculation. Prior to chal- 
lenge 1, the condition of the middle ears of each animal was docu- 
mented by tympanometry and otomicroscopy for two weeks. Sev- 
enty-four animals with documented normal middle ears bilateral- 
ly were challenged via transbullar inoculation of 170 CFU S 
pneumoniae type 7F into their right ears. Subsequent to inocula- 
tion, the animals were divided into two groups: group A (those 
treated early with antibiotics) and group B (those treated late 
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130 CFU-7F 130 CFU-7F 
CHALLENGE 2 oe Ra OQEAR 

| OBSERVE OBSERVE 


Fig. 1. Overall experimental design of the study in 
which chinchilla middle ears were challenged with S 
pneumoniae type TF. The goal of the study was to deter- 
mine how early and late administration of antibiotics 
would affect a hypothesized middle ear protection mecha- 
nism. 


with antibiotics). Group A consisted of 44 animals; each animal 
received ampicillin, 50 mg/kg IM three times daily for three days, 
initiated 24 hours following inoculation. Group B consisted of 30 
animals that received the same dose and duration of ampicillin 
therapy starting 12 days after inoculation. This dosage of am- 
picillin has been shown to maintain therapeutic serum levels in 
the chinchilla.2 Two weeks following otomicroscopic and tym- 
panometric confirmation of the resolution of the AOME of the 
right ears, the right and the left bullae of all surviving animals 
were inoculated with 130 CFU S pneumoniae type TF (challenge 
2). 


Throughout the study, the condition of the middle ears was 
evaluated by tympanometry and otomicroscopy every other day. 
Tympanometry was done using the compliance mode of the elec- 
troacoustic impedance bridge because of the extreme hypercom- 
pliance of the tympanic membrane in the chinchilla. Flat tym- 
panograms were used to document the presence of a middle ear 
effusion. This method was validated in a previous study.* Oto- 
microscopic diagnosis was considered to be positive when the ob- 
server reported hyperemia of the tympanic membrane, suggestive 
of impending infection, or when the tympanic membrane was 
noted to be opaque, bulging, or characterized by a fluid level, in- 
dicating obvious effusion. Each right middle ear was cultured 
directly through the bullar opening on days 1, 4, and 10 in 
challenge 1; both middle ears were similarly cultured on day 8 of 
challenge 2. Before each culture, direct inspection of the middle 
ear, using the microscope to determine the presence or absence of 
effusion, was performed through the bullar opening. Serum and 
middle ear effusion antibodies to the capsular polysaccharide type 
7F S pneumoniae were measured by Schiffman using a radioim- 
munoassay technique’; the antibody concentrations were ex- 
pressed in nanograms of pneumococcal antibody nitrogen per 
milliliter (ng Ab N/ml). Serum specimens were collected by per- 
cutaneous cardiac aspirations on the day of inoculation and 14 
days postinoculation during challenges 1 and 2, as well as on the 
eighth day postinoculation during challenge 1. Middle ear effu- 
sion specimens were obtained from group B animals eight days 
after inoculation during challenges 1 and 2. 


RESULTS 


The mortality encountered during the challenge 
l phase of this study was unexpectedly high, as illus- 
trated in the life-table analysis depicted in Figure 2. 
Overall, 52 of 74 animals (70%) died prior to chal- 
lenge 2 due to sepsis or meningitis or both. During 
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Fig. 2 Life-table analysis of chinchilla mortality in the 
course œ> AOME: a study of the effects of antibiotic treat- 
ment administered early (group A, N = 44, depicted by in- 
oh es line) or late (group B, N = 30, depicted by solid 
ine). 


challenge 1, the overall mortality was different for 
the two groups; 34 of the 44 animals (77 % ) that re- 
ceived ear y antibiotic treatment (group A), and 18 
of the 30 animals (60 % ) that received late antibiotic 
treatmert (group B) died. Twenty-two animals 
(50%) in croup A died within 12 days of the initial 
right bu Er inoculation, whereas 50% mortality 
was observed 29 days after inoculation in group B 
animals. 


The dserepancy in the incidence of disease and 
rate of n-crtality between the two groups was unex- 
pected aid remains unexplained. However, similar 
findings were encountered in the chinchilla model 
of AOM = secondary to S pneumoniae type 6A.’ In 
order tc rule out the possibility that morbidity 
could be due to the antibiotic treatment alone, the 
toxicity o> ampicillin was studied in a group of ten 
chinchil 2s which were not involved in the pneumo- 
coccal e=»eriments. Each animal received ampicil- 
lin, 50 mm/kg IM three times daily for three days. 
Animals were weighed on a daily basis and the 
group w= observed for ten days. There was no mor- 
tality aad no weight loss during this observation 
period, siggesting that the mortality observed in 
the pneanococcal experiments was not due to the 
ampicilaa therapy. . 


The dings of the study are summarized in 
Table 1 with respect to four independent methods 
of midd e ear assessment (tympanometry, otomicro- 
scopy, »allar inspection, and middle ear culture). 
In grow A surviving animals during challenge 1, 
the incitence of right AOME approached 30% and 
was noted within 3 to 9 days after inoculation, with 
resolutiva of the effusion within 9 to 15 days. The 
overall ncidence of AOME in group B animals was 
higher han the incidence observed in group A ani- 
mals. Ia group B, 9 of the 12 surviving animals had 
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TABLE 1. INCIDENCE OF ACUTE OTITIS MEDIA WITH EFFUSION IN CHINCHILLAS AS DIAGNOSED BY FOUR 
INDEPENDENT METHODS DURING TWO CHALLENGES OF MIDDLE EAR WITH S PNEUMONIAE TYPE 7F 


Challenge 1 

Right Ear 
N T © 4 ig 
Group A (Early S 10 3 3 3 4 
antibiotics) NS 34 7 12 6 7 
Group B (Late S 12 9 10 10 8 
antibiotics) NS 18 16 17 16 14 


Challenge 2 


Right Ear Left Ear 

O I G T O I C 
10 10 10 10 10 10 10 10 
3 2 2 5 8 7 5 8 


“Culture findings with S pneumoniae growth are reported as positive diagnosis. 
T - Tympanometry; O - Otomicroscopy; I - Bullar nspection; C - Middle ear culture: S - Animals surviving challenge 1; NS - Animals not surviving 


challenge 1. 


developed right AOME as documented by tympan- 
ometry within two to six days after inoculation. In 
this group the resolution of the disease was observed 
within 16 to 29 days after inoculation. Overall, the 
early antibiotic treatment animals (group A) had a 
lower incidence of AOME and shorter duration 
than did the animals that received late antibiotic 
treatment (group B). Five animals in group B had 
bilateral AOME. The onset of AOME was delayed 
in the left ear in comparison to the onset of the 
disease in the right ear. Of these animals, only one 
survived and was subsequently entered into the sec- 
ond phase of the study (challenge 2). In group A, 
only one animal developed bilateral AOME and this 
animal died 19 days after inoculation. 


Due to the high mortality rate encountered over 
the course of challenge 1, only 22 animals were 
available for challenge 2. Following bilateral trans- 
bullar inoculations with 130 CFU S paeumoniae 
type 7F, all animals (N = 10) in group A developed 


TABLE 2. SERUM ANTIBODY CONCENTRATIONS* OF S 
PNEUMONIAE TYPE 7F DURING TWO CHALLENGES OF 
THE MIDDLE EARS OF SURVIVOFS 





Challenge 1l Challenge 2 
Day 0 Day8 Day14 Day ) Day 14 
32 22 26 0 — 
58 21 17 0) — 
4 6 6 0 63 
Group A 17 18 20 0 42 
(n = 10) 7 14] 692 104 55 
(early 12 — 0 0 — 
antibiotics) 8 — 8 8 151 
8 — 0 0 0 
6 — 0 0 — 
5 — 58 0 58 
38 277 496 56 3 
202 344 363 63 60 
14 20 573 670 293 
9 123 49] 99 248 
Group B 39 87 — 379 550 
(n = 12) 10 9 22 16 2 
(late 23 T3 20 9 2] 
antibiotics) 9 10 8 0 — 
6 9 8 0 — 
6 7 8 0 — 
3 7 8 0 — 
22 11 16 0 — 


“Concentrations are in nanograms of pneumococcal antibody nitrogen 
per milliliter (ng Ab N/ml). 


bilateral AOME within two to six days. However, 
of the 12 surviving animals in group B, only 3 
developed bilateral AOME and an additional 5 
animals developed AOME only in the left ears ac- 
cording to tympanometric and middle ear culture 
findings. The onset of AOME occurred within four 
to ten days after the inoculation. In group B ani- 
mals, only 3 of the 12 previously challenged right 
middle ears (25%) had AOME, whereas 8 of the 12 
previously unchallenged left ears (66.7%) had 
AOME during challenge 2. 


Table 2 shows the serum antibody concentrations 
of S pneumoniae type 7F. At the beginning of the 
study, the serum antibody levels for all animals 
(N = 74) were determined; however, only the levels 
for the surviving animals are presented and will be 
discussed. At the beginning of challenge 1, all ten 
animals in group A had detectable serum antibody 
levels (5-58 ng AB N/ml). Fourteen days following 
inoculation, only two animals evidenced an appre- 
ciable rise in these levels. Similarly, all 12 animals 
in group B had detectable serum antibodies to 7F 
(3-202 ng Ab N/ml). However, by day 14, five of 
these animals had considerable increases in serum 
antibody levels. 


At the start of challenge 2, two animals in group 
A had detectable serum antibody levels (8 and 104 
ng Ab N/ml); the remaining eight animals evi- 
denced zero concentration values (below the sen- 
sitivity of the radioimmunoassay technique) on the 
day of the second inoculation. By day 14 of this 
challenge, five animals in group A had elevated 
serum antibody levels. Three animals in group B 
had elevated serum antibody concentrations on the 
day of the second inoculation and five animals had 
zero concentration values. By day 14, the same 
three animals still had elevated serum antibody con- 
centrations. 


Eight days after inoculation during challenges 1 
and 2, attempts were made to determine middle ear 
effusion antibody concentrations of S pneumoniae 
type 7F in group B animals. Of the 12 survivors, 4 
had detectable 7F antibody levels of 6, 6, 9, and 24 
ng Ab N/m] for the specimens obtained during chal- 
lenge 1, and insignificant antibody levels (0-5 ng Ab 
N/ml) were measured in the five middle ear effusion 
specimens obtained during challenge 2. 
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DISCUSSION 


The present study was designed as a longitudinal 
study of the influence of systemic ampicillir on 
middle ear protection in pneumococcal-induaced 
AOME in the chinchilla. Lewis et al’ and Marshak 
et al? have demonstrated the importance of a local 
protection mechanism in the chinchilla middle ear 
and have postulated that the lack of sufficient anti- 
genic stimulation, resulting from the early adminis- 
tration of antibiotics, may deprive the middle ear of 
the necesary local antigenic stimulation required 
for the acquisition of this protective response. 


In the present study, S pneumoniae type 7F was 
chosen as the pathogen because past studies have 
shown it to be highly immunogenic in the chir chil- 
pa" 


As designed, the present study is bounded br two 
experimental parameters: the duration of exposure 
to the live pathogen, and the type of protection af- 
forded the middle ear: local (middle ear-ind iced) 
or systemic, or both. Ampicillin administered 24 
hours following transbullar inoculation (group A) 
shortened the duration of exposure to the pathogen- 
ic bacteria when compared to group B animals. 
Rapid sterilization of the middle ear cleft of group 
A animals resulted in either no AOME or a nilder 
and more abbreviated course of the disease. How- 
ever, on subsequent homologous challenges, these 
ears developed AOME congruent with that re- 
ported for previously unchallenged ears. Ir con- 
trast, group B animals which received delayec anti- 
biotic therapy developed a protracted AOME on 
the initial challenge, but with a subsequent homo- 
logous challenge, the incidence of AOME was sig- 
nificantly reduced in the previously chalkenged 
ears. 


The results for group B animals are sim lar to 
those previously reported by Marshak et al’ ard sug- 
gest that prolonged exposure to a pathogenic organ- 
ism produces local protection to a second chalenge. 
Little to no protection is afforded to the contralater- 
al middle ear. The results for group A animal show 
that protection does not develop if the middle ear 
cleft is rapidly sterilized by early antibiotic therapy. 


The mechanism of this protection is not xnown 
but data provided on the concentration of serum 
and middle ear antibodies do not support an anti- 


body-med ated protection. Giebink’* found mean 
concentra ns of antibody to the capsular polysac- 
charide of } pneumoniae type TF in serum of chin- 
chillas bescre vaccination with homologous organ- 
isms to vary between 2.5 and 25.3 ng Ab N/ml, 
which approximates the baseline levels measured at 
the onset © the present study. Chinchillas systemi- 
cally vaceinated with S pneumoniae 7F and with 
elevated Evels of serum 7F antibody (ie, that sero- 
convertec) had a significantly lower incidence of 
middle e.: infection following nasal colonization 
than thos that failed to seroconvert.’ Analysis of 
the data from the animals in group B in challenge 2 
shows tht of the 5 animals that demonstrated an 
appreciakE increase in serum antibody levels by 
day 14 inehallenge 1, none developed right AOQME 
while 2 had left AOME in challenge 2. However, of 
the rema ning 7 animals that failed to show an in- 
crease in serum antibody levels, only 3 developed 
right AOE and 6 evidenced left ear disease. Of the 
10 survixars in group A, 2 had evidence of a large 
increase 1 serum antibody levels in challenge 1, yet 
all anim-& in challenge 2 had overwhelming bilat- 
eral ear disease. Thus, this study does not substan- 
tiate the hypothesis that serum antibodies to S 
pneumorme type TF play a dominant role in the 
protectian of the middle ear from infection. Fur- 
thermore. the levels of antibody detected in the 
middle scr effusions of group B animals during 
challeng= 1 and 2 were quite low, and differ from 
previous © reported findings.’ 


In surmmary, this study of AOME in the chin- 
chilla showed that: 

l. 17@ CFU S pneumoniae type TF induced 
AOME =s associated with high mortality (approx- 
imately 79%). 

2. A cal middle ear defense system has been 
demons-rated supporting previous findings with S 
pneumo-@ae type 3 and type 6A. 

3. Eary administration of ampicillin may alter 
this locel middle ear defense system. 

4. A weaker systemic defense response is sug- 
gested. 

5. TES study supports the hypothesis that in the 
chinchila the early administration of ampicillin 
(which is one of the current drugs of choice for 
AOME ia humans) may interfere with the local de- 
fense syssem of the middle ear, rendering the host 
more s-tseptible to subsequent infections. 
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NINCDS NOTES* 


CONFERENCE PROCEEDINGS IDENTIFIES VOCAL PATHOLOGY ASSESSMENT TECHNIQUES 


A report, Proceedings of the Conference on theAssessment of Vocal Pathology, edited by NINCDS staff members Christy L. Ludlow, 
PhD, and Molly O. Hart, MS, stresses the need for objective, reliable and valid procedures for assessing voice disorders. Procedures that im- 
prove the transfer of patient! data between clinics. between investigators, and during treatment evaluation are emphasized. The con- 
ference, which attempted to bridge the gap between laboratory and clinical needs in vocal pathology, was organized by the NINCDS 
Communicative Disorders Program and held at the National Institutes of Health in April 1979. The proceedings (ASHA Report No. 11) are 
available from the American Speech-Language-Hearing Association, 10801 Rockville Pike, Rockville, MD 20852. 


SHINGLES PAMPHLET 


Shingles, a virus infection that begins in the sensory neurons and affects the nervous system, is the subject of a new pamphlet published 
by NINCDS. Shingles: Hope through Research explctes the origins and consequences of a disorder in which individuals with weakened im- 
mune systems are attacked by varicella zoster. The pamphlet describes the symptoms of shingles — including a painful rash and possible 
eye damage — and the medications being tested against the condition. The effects of shingles during pregnancy are also discussed, along 
with prospects for prevention of the illness. Copies of this pamphlet can be obtained from the Office of Scientific and Health Reports, 
NINCDS, Building 31, Room 8A06, 9000 Rockville Pike, Bethesda, MD 20205; (301) 496-5751. 


TEACHER INVESTIGATOR, RESEARCH CAREER DEVELOPMENT AWARDS 


Following the January 1982 meeting of the National Advisory Neurological and Communicative Disorders and Stroke Council, 
NINCDS made seven new Teacher Investigator Development Awards and four Research Career Development Awards. The deadlines for 
receiving applications for RCDAs and TIDAs are October 1, February 1, and June 1 of each year. Additional information on these training 
awards can be obtained from Dr. John W. Diggs, Deouty Director, Extramural Activities Program, NINCDS, NIH, Bethesda, MD 20205; 
(301) 496-4188. 


RESEARCH TRAINING FOR MINORITIES 


The National Institute of Neurological and Communicative Disorders and Stroke continues to offer research and research-training op- 
portunities to minority scientists and institutions thro.gh several cooperative National Institutes of Health programs. To increase minority 
participation in the basic and clinical neurosciencies, the NINCDS will make awards to qualifying individuals and institutions through 
NIH’s Minority Biomedical Support (MBS) and Minority Access to Research Career (MARC) programs. Further information on the re- 
quirements of the MBS and MARC programs can be obtained from Mr. Levon O. Parker, Equal Opportunity Officer, NINCDS/NIH, 
Building 31, Room 8A22, 9000 Rockville Pike, Bethesda, MD 20205; (301) 496-5332. 


NEUROLOGICAL DISORDERS PROGRAM PUBLICATION 


NINCDS Neurological Disorders Program activities during fiscal year 1981 have been summarized for the neuroscience community in 
a new publication. The 100-page Fiscal Year 1981 Neurological Disorders Program report provides a detailed overview of the program’s re- 
cent biomedical research efforts, involving the awarding of over $78 million for research grants, research training and contracts. The 
publication outlines NDP’s organization, budget, operation and accomplishments from October 1, 1980, to September 30, 1981. The 
report covers the current state of NINCDS-supported =xtramural research in such areas as convulsive, demyelinating and sclerosing infec- 
tious and neuromuscular disorders, as weil as diseases of early life and aging. Significant advances in research are also reported. Single 
copies of the publication are available on request from the Neurological Disorders Program, Federal Building, Room 714, Bethesda, MD 
20205; (301) 496-5678. 


CT CONSENSUS STATEMENT 


Single, free copies of the National Institutes of Health Consensus Development Statement on Computed Tomographic Scanning of the 
Brain are now available. The report is a product of a consensus development conference sponsored by the NINCDS in November 1981. To 
obtain the report, contact Michael J. Bernstein, Director of Communications, Office for Medical Applications of Research, Building 1, 
Room 214, NIH, Bethesda, MD 20205. 
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OCCURRENCE OF ADDITIONAL PRIMARY NEOPLASMS IN 
PATIENTS WITH LARYNGEAL CARCINOMA IN ISRAEL (1960-1976) 
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HAIFA, ISRAEL 


One thousand-six-hundred and sixty cases of laryngeal cancer were diagnosec in Israel during the years 1960-1976. In 98 of these cases 
another primary cancer accompanied the laryngeal carcinoma. Patients whose second primary cancer was basal or squamous cell car- 
cinoma of the skin were not included in this study. Therefore, the results reported here deal with 84 patients. The prevalence of multiple 
primary cancer in patients with laryngeal carcinoma was found to be 5%. Lung cancer is the other primary tumor accompanying 
laryngeal carcinoma most frequently (29% of the additional tumors) followed b” colorectal and bladder cancers. Most of the additional 
tumors (83%) appeared in a metachronic form with an average time interval of six years. In most metachronic tumors laryngeal carcinoma 
appeared as the first tumor (86%). Eighty percent of the patients were dead by August 1978. The majority (74% ) succumbed due to the 


additional tumor and only 4% died of laryngeal carcinoma. 


INTRODUCTION 


The interest in multiple primary cancer (MPC) 
has been increasing since the first patients were 
described by Billroth.' It is a well-established fact 
that patients who were cured of their initial malig- 
nant disease or who have a controlled tumor have a 
higher likelihood of developing a second neoplasm 
than the normal population. This possibility ranges 
between 1-34% .?° 


Laryngeal carcinoma is a relatively curable 
disease by surgery, radiation, or both. Patients 
develop additional primary tumors simultaneously 
or metachronously at a rate of 4-5% .'°'! Few na- 
tionwide studies concerning the incidence cf MPC 
associated with laryngeal cancer have been re- 
ported. The understanding of tumor associations 
and time, type, and patient relationship may cast 
further light on the etiology and pathogenesis of sol- 
itary and multiple neoplastic processes. 


The Israeli population is composed of various 
ethnic groups from many countries. Most solid 
tumors and chronic lymphatic leukemias have been 
reported to occur more frequently in European- 
born Jews than Asian- and African-born Jews.'?"'° 
Laryngeal cancer, however, is known to occur more 
often in Asian- and African-born Jews than 
European-born patients. '? 


The purpose of this study was to investigate the 
incidence of additional primary tumors associated 
with laryngeal cancer, the tumor-to-tumor associa- 
tion, and the tumors’ time relationship during a 
period of 16 years in Israel. This work is carried out 
in collaboration with the cancer registry of the 
Ministry of Health, as all cancers diagnosed in 


Israel are supposed to be reported to this Center. 


METHODS 


One thousand-six-hundred and sixty patients with laryngeal 
carcinoma were reported to the Israel Cancer Registry during the 
years 1968-1976. Of 98 patients who were registered to have ad- 
ditional primary cancer, 14 patients with basal cell and squamous 
cell carcinoma of the skin were excluded because this tumor type 
is not fully reported to the Cancer Registry. The remaining 84 pa- 
tients entered the study. 


The deta accumulated at the Israel Cancer Registry in Jerus- 
alem and clinical charts of the hospital medical archives and/or 
oncology clinics were reviewed. Complete information on the pa- 
tients inc_uding the year of birth (from which age at time of diag- 
nosis is calculated), sex, country of origin, time interval between 
the tumors, histology, stage, treatment, and day of death were 
checked. The latter was confirmed in the Israel population 
registry as corrected up to August 1978. Ethnic groups were di- 
divided iato: 1) Jews born in Europe, 2) Jews born in Asia or 
Africa, 3) Israel-born Jews, 4) non-Jews born in Israel. 


The crteria used for the diagnosis of further primary tumors 
were those of Warren and Gates.'® Tumors appearing during a 
time interval of less than six months were considered as meta- 
chronous tumors. 


Comparison of age and survival distribution in the various 
groups was done by the Student’s t test. The sequence of ap- 
pearance of the additional tumors in relation to the laryngeal car- 
cinoma was computed by the Chi-square (X)? statistic. 


RESULTS 


This study has shown that prevalence of MPC 
among laryngeal carcinoma patients in Israel be- 
tween 1960-1976 was 5% (84 of 1,660 patients). 
Sixty-three of the patients (75%) were Jews of 
European origin, mainly from Poland and Ruman- 
ia. Sixteen were of Asian and African origin, and 
the others were Israel-born Jews (2 patients) or non- 
Jews (3 patients) (Fig. 1). 


From the Department of Otolaryngology and the Northern Israel Oncology Center, Ran-bam Medical Centers and the F aculty of Medicine, Technion- 
Israel Institute of Technology, Haifa; and the Israel Center for Registration of Cancer ind Allied Diseases, Jerusalem. 
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GERMANY 
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AUSTRIA 
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UNKNOWN EUROPEAN COUNTRY 


TOTAL 63 (75%) 


TURKEY 
MOROCCO 
IRAQ 
EGYPT 
SYRIA 
LIBYA 
ALGERIA 
TUNISIA 
YEMEN 
TOTAL 16 (19%) 
ISRAEL NON-JEWS 
ISRAEL JEWS 


Fig. 1. Distribution of patients according tc ethnic 
groups. 


The male-to-female ratio among the pat:ents was 
8:1. The mean age of diagnosis of the first tumor 
(which in most of the cases was laryngeal car- 
cinoma) was 61 years (median 62, range 33-92 
years) (Fig. 2). There are no significant di-ferences 
in distribution of age between males and females, or 
among the various ethnic groups (p>0.05). The 
mean age of diagnosis of the second primary cancer 
was 66.5 years (median 65.5, range 36-6 years) 
with no significant differences among sexes or 
ethnic groups. 


DEVIRI ET AL 


The 84 patients had 86 additional primary tu- 
mors (Table 1). Two patients (2.4%) had three pri- 
mary neoplasms each (clinical data are summarized 
in Table 2). The most frequent additional tumors 
were: lung 29%, colorectal 16% and bladder 9% 
(Table 1). In 14 patients (17%) the tumors ap- 
peared synchronously (Fig. 3). The types of tumors 
appearing synchronously are shown in Table 1. In 3 
of 7 patients, laryngeal and stomach tumors ap- 
peared synchronously, but due to the small number 
of patients no statistical evaluation could be per- 
formed. 


Among the metachronous tumors laryngeal car- 
cinoma appeared as the first tumor in 60 patients 
(86%). The mean time interval between diagnosis 
of the tumors was 5.5 years (median 5 years, range 6 
months-12 years (Fig. 3). Metachronous colorectal 
tumors appeared at a significantly higher rate 
before laryngeal cancer than other additional tu- 
mors (p<0.05) (Table 1). 


The mean survival time following diagnosis of 
the additional tumor was 2 years (range 21 years, 
median 1 year). The 5-year survival of patients who 
subsequently developed lung carcinoma was 8% 
(mean lifetime 6 months, range up to 10 years). The 
5-year survival of patients with an additional col- 
orectal cancer was found to be 43 % (age range to 81 
years). 


Eleven patients (13%) were alive in August 1978. 
Sex, age at diagnosis of the tumors, and ethnic 
distribution were not significantly different in the 
surviving patients than in those who died. Of the 54 
patients whose cause of death is known, 40 (74%) 
died because of the additional tumor and only 2 pa- 
tients (4%) died because of laryngeal carcinoma. 


DISCUSSION 


The occurrence of MPC in patients with laryn- 


TABLE 1. DISTRIBUTION OF ADDITIONAL TUMORS ACCORDING TO 


SEX, ANATOMIC SITE AND SEQUENCE OF APPEARANCE 
ns 000208002280 SEES == 





Male Female 

Site No. % No. % 0 

Lung 23 29.8 2 22.92 25 
Colon-rectum 13 16.9 l 13.3 14 
Urinary bladder 8 10.4 8 
Stomach 5 6.5 2 22.2 7 
Head and neck 5 6.5 5 
Esophagus 4 5.2 4 
Prostate 4 a2 4 
Breast and ovary l 1.3 3 33.3 4 
Leukemia 3 3.9 3 
Lymphoma 2 2.6 2 
Thyroid ] 1.3 l 11.1 2 
Melanoma l Ls ] 
Kidney l 1.3 ] 
Chest wall l 1.3 l 
Origin unknown 5 6.5 5 
Total Ti 100.0 9 99.9 86 


Total 








Metachronous Laryngeal Tumors Synchronous 
Total Tumors 

% First (No. Second (No. No. No. 
29.0 21 2 23 2 
16.2 9 5 14 

9.3 7 7 ] 

8.1 4 4 3 

8.8 2 2 4 l 

4.7 4 4 

4.7 3 3 ] 

4.7 4 4 

3.5 2 2 l 

2.3 — 2 2 

2.3 -— 

1.2 -- — l 

12 l l 

1.2 ] l 

3.8 3 3 2 
100.0 61 1] 72 14 
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gm female 
No.} % 

25 

20 
20 

15 
15 

10 
10 

5 





[ 


31-40 41-50 51-60 61-70 71-80 81-90 91-100 unknown 


Age 


Fig. 2. Distribution of patients according to sex and age 
at diagnosis of first tumor. 


geal carcinoma was found to be 5%. The occur- 
rence of an additional malignant tumor in cancer 
patients has been reported to be 1-34% .?>° Ac 
cording to Ballantine'' additional primary cancers 
appear in 5% of laryngeal carcinoma patients. 
Brown" found that 3.8% of laryngeal carcinoma 
patients subsequently developed another primary 
neoplasm; when excluding skin cancers, this rate 
dropped to 2.8% (lower than the rate found by us 
of 4.4%). The male to female ratio in our study was 
8:1 (75 males vs 7 females) as compared to that re- 


No % 
15 


Fig. 3. Time interval be- 
tween diagnosis of laryngeal 
carcinoma and additional pri- 
mary tumor. 


12 nN 





ported by Brown of 59:2.'° 


In Israel cancer is more frequent among Jews of 
European origin than in those of Asian and African 
origin. ? '° One of the exceptions is laryngeal cancer 
which is more frequent among Jewish males of As- 
ian and African origin than among those of Euro- 
pean crigin (annual incidence of 6.1:100,000 vs 
4.2:10@,000 respectively.'* The incidence of MPC, 
including laryngeal cancer, is higher among males 
of European origin than among those of Asian or 
African origin (0.4:100,000 vs 0.2:100,000) 
(p<0.@5). This is an important observation. Maybe 
the reason is that as the incidence of most malignant 
neoplasia is higher in patients born in Europe, the 
tendency to develop a second primary tumor is also 
higher ia this group. 


In Israel, among chronic lymphatic leukemia pa- 
tients, a 12.5% rate of MPC was found. Most of the 
patients are of European origin.'’ A different in- 
cidence of MPC among various ethnic groups living 
in New Mexico was reported by Bordin et al” who 
found 4% of MPC among Anglo-Saxons compared 
to 2.4% in the Spanish and 1% in the Indian popu- 
lations. 


Despite the fact that head and neck tumors tend 
to be multicentric?” '' we found that 60% of the ad- 
ditional tumors (excluding skin carcinomas) ap- 
peared in organs other than the head and neck, 
respiratery or upper digestive systems. 


Schettenfeld et al® reported 518 additional 
primaries developed in 9,415 patients with cancer 
of the respiratory system and upper digestive tract. 
Seventy-five percent had additional tumors in the 
respiratery and upper digestive system, 20% had 
skin cancers, and 7% only had neoplasms some- 
where else. Brown'® reported 65 additional tumors 
appeared in 1,600 laryngeal carcinoma patients 
(4%). Excluding tumors of the skin there remained 
48 additional tumors of which 75% were in the 
head and neck, respiratory, and upper digestive sys- 
tem anc only 25% were elsewhere. 


EEB synchronous tumors 17 he 

œ metachronous tumors 83 / 
larynx first 714 i 

= larynx second 12 4 


e 2 W T 2 B 4. 3 


Time Interval (years) 


o 4 DEVIRI ET AL 
TABLE 2, PATIENTS WITH THREE PRIMARY MALIGNANT TUMORS EACH 


Sex Patient 1 — Male Patient 2 — Male 
Age laryngeal carcinoma diagnosed 56 47 
Age additional tumor | diagnosed 58 38 
Age additional tumor 2 diagnosed 8] 59 
Country of origin Yugoslavia Unknown European country 
History of smoking Present Unknown 
Other diseases Emphysema and chronic bronchitis Basal cell carcinoma of the skin 
Sequence of laryngeal carcinoma First Second 
Stage of laryngeal carcinoma Unknown i 
Region of laryngeal carcinoma Unknown Vocal cords 
Treatment of laryngeal carcinoma Radiation Radiation 
Site of additional tumor 1 Prostate Colon 
Histology of additional tumor 1 Adenocarcinoma Unknown 
Treatment of additional tumor 1 ‘Resection Resection and radiation 
Metastases from additional tumor 1 ‘None None 
Site of additional tumor 2 Lung Rectum 
Histology of additional tumor 2 Squamous cell carcinoma Adenocarcinoma 
Treatment of additional tumor 2 Unknown Not treated 
Metastases from additional tumor 2 ‘Liver lymph nodes adrenal Unknown 
Age at death 8] 59 
Cause of death Lung cancer Unknown 


Look'® showed that the only tumor appearing at 
a significantly higher rate after larynx carcinoma is 
lung cancer. Berg et al* found that the frequency of 
lung, pancreas, and colorectal cancers was signifi- 
cantly higher after diagnosis of larynx carcinoma. 


The appearance of lung and laryngeal cancer in 
the same patient was first reported by Scrall and 
Jesberg,'® followed by many others.*?°"* According 
to Ferlitto?® 10-15% of laryngeal carcinoma pa- 
tients are predisposed to develop lung cancer. Two 
of 25 patients with lung carcinoma associazed with 
laryngeal carcinoma appeared synchronously in 
other reports; 16-83% of laryngeal and lung car- 
cinoma in the same patient appeared synchronous- 


ly. 


Gluckman reports an incidence of 9.2% syn- 
chronous second primaries in the upper digestive 
and respiratory systems.” Brown”? found taat 13% 
of the additional primary tumors associaced with 
laryngeal cancer appeared synchronously. In the 
present study we found a rate of 17%. 


In 86% of the metachronous tumors, laryngeal 
carcinoma was diagnosed first, possibly due to the 
fact that life expectancy after the treatment of 
laryngeal carcinoma is longer than that of most 
other tumors. 


Campbell and Wante* and Moertel’*' found a 
higher frequency of a third primary neoplasm in 
patients with two primary tumors than in patients 
with one additional primary tumor. This & promi- 
nent in head and neck cancers. Cahar et al” 
reported that 30% of patients with MPC in the 


head and neck region had over three primary tu- 
mors. Odette et al” found the rate of 17%. In con- 
trast, Brown’? found the rate 3% of laryngeal car- 
cinoma patients with MPC to be nothigher than the 
frequency of an additional primary.tuntor in laryn- 
geal carcinoma patients. In this stud¥ the frequency 
of a third tumor in patients with larjngeal earcin- 
oma and associated with another primary tumor 
patient was found to be 2.4%. 


Multiple primary malignancies in the upper aero- 
digestive tracts are explained by the diffuse effect of 
carcinogens on wide areas of the mucosa. Smoking 
and alcohol singularly’ or in combination,** when 
applied extensively though not equally onto the epi- 
thelial tissues, are bound to bring about focal ma- 
lignant changes surrounded by multiple additional 
cancerous foci or areas with premalignancy. This 
pathogenic process is best termed “field of canceri- 
zation” or “condemned mucosa syndrome.”** Multi- 
ple multicentric neoplasms must therefore be an- 
ticipated throughout the epithelium likewise ex- 
posed to carcinogenic agents, following the diag- 
nosis of one primary tumor. Due to lack of appro- 
priate data we could not define the connection of 
carcinogens with the multiple tumors in our pa- 
tients. 


The recognition of the potential development of 
multifocal or multiple primary malignant lesions in 
the aerodigestive tract has led to improved close 
follow-up of patients with primary tumors in these 
organs.” It is accepted today that the complete 
evaluation of every such patient should include 
panendoscopy, including laryngoscopy, pharyngo- 
scopy, nasopharyngoscopy, bronchoscopy and eso- 
phagoscopy with thorough examination of the oral 
and nasal mucosa.”° 
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ACCURACY OF AUDITORY BRAINSTEM EVOKED 
RESPONSE WITH HEARING LEVEL UNKNOWN 


LEE E. SMITH, MD 


F. BLAIR SIMMONS, MD 


STANFORD, CALIFORNIA 


We reported a comparison of auditory brainstem response (ABR) 
for 84 ears of 42 children. Their average age was 34 months at the 
children were managed clinically on the basis of their ABR results, Th 
was in error by no more than about + 10-12 dB in arother 18%. 


INTRODUCTION 


There is a certain amount of guesswork in 
estimating hearing thresholds of young and multi- 
handicapped children. Auditory brainstem response 
(ABR) has eliminated some of this, but how much? 
This report reviews the precision of ABR in predict- 
ing pure-tone average thresholds (PTA), 500, 1,000, 
and 2,000 Hz, in a group of 42 children whose hear- 
ing levels were unknown at the time of ABE testing. 
In other words, in these children ABR was the de- 
finitive test. Months or years later, each child had a 
pure-tone audiogram — which was compared with 
the earlier test. We felt the addition of this type of 
study to the ABR literature was needed to validate 
the use of ABR in typical pediatric clinical situa- 
tions, ie, when behavioral tests are ambiguous or 
unavailable. 


Jerger and Mauldin' evaluated the accuracy of 
ABR for predicting the PTA (1-4 Hz) in patients 7 to 
83 years old when the PTA was already known. 
They found the PTA (1-4 Hz) was most accurately 
predicted by multiplying the ABR threshold by 0.6, 
regardless of audiometric configuration. In addi- 
tion, they stated that the standard error of such 
predictions was large (15-16 dB), limiting the suc- 
cess of using ABR alone. Mokotoff et al? suggested 
ABR was an accurate tool for evaluation of “diffi- 
cult to test” pediatric patients. Their study used im- 
pedance audiometry to obtain corroborative data, 
but only in anecdotal cases were follow-up pure- 
tone (PT) thresholds obtained. Schulman-Galam- 
bos and Galambos? have also suggested that ABR is 
a reliable method of determining threshold hearing 
levels in newborns, but again without PT audiome- 
tric confirmation. Jerger et al* compared ABR, im- 
pedance, and behavioral audiometry in normal and 
handicapped pediatric populations. They found 
greater than 84% correlation among these tests us- 
ing three broad hearing level ranges: 0-40 dB, 50-90 


-estimated hearing levels with hearing levels by pure-tone audiogram 
time of ABR and 73 months for the audiogram. Thus, all of these 
e ABR accurately predicted the pure-tone average (PTA) in 76% and 


dB, and greater than 90 dB. Our study provides 
long-term PT audiometric follow-up data in all 
cases, comparing ABR thresholds with PTAs using 
the currently accepted hearing level categories of 
Goodman. 


METHODS 


Subjects: Subjects in this study were referred for ABR testing 
for one of the following reasons: they had failed screening tests 
such as Crib-O-Gram and Behavioral Audiometry; they were 
difficult to test because of age or multiple handicaps; and they 
had speech and language retardation and “unknown hearing 
thresholds” in which the differential diagnosis was typically bet- 
ween hearing loss, mental retardation, and autism. The study 
group consisted of 84 ears in 42 subjects, 19 female and 23 male. 
They ranged in age from 3 to 144 months (at the time of ABR 
testing); the mean age was 34.4 months. Fortunately, there was a 
variety of PT thresholds against which to evaluate the ABR 
estimates. These included 10 normal, 2 mild, 5 moderate, 4 
moderately severe, 10 severe, and 53 profound losses by follow-up 
audiogram. 


Procedure: The ABRs were obtained using conventional band 
pass filter settings of 300 - 3,000 Hz, TDH-39 earphones, and con- 
ventional recording techniques, usually with sedation of children 
older than six months. 


These subjects were followed until such time as a reliable PT 
audiogram was obtained, typically 2 to 3 years later at 4- to 
7-years old. The shortest time between ABR and PT audiogram 
was one month, the longest was five years, and the average time 
39.5 months. 


The originally reported wave V threshold was used as the ABR 
predictor of the PTA in the following manner: if there was no re- 
sponse to the 100 dB HL click (the most intense stimulus typically 
used), the child’s hearing loss was called profound; a wave V 
threshold between 75-100 dB was severe; 65-75 dB, moderately 
severe; 55-65 dB moderate; 40-55 dB, mild; and a less than 40 dB 
threshold was called normal. These categories are 10-15 dB higher 
than when the same descriptors are applied to threshold ranges 
for PT audiograms. We presumed that the true PT threshold 
would probably be 10-15 dB better than the ABR threshold. In 
order to delineate the most accurate correction factor, we also 
calculated the PTA using Jerger’s factor of 0.6 x ABR. 


RESULTS 


The results of the PTA predictions from the ABR 
are illustrated in the figure. The PTA was accurate- 
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PROFOUND 
(90 + db) 


SEVERE 
(70—90 db) 


MOD.SEVERE 
(55—70 db) 


MODERATE 
(40—55 db) 


MILD 
(25—40 db) 


BEHAVIORAL AUDIOMETRIC THRESHOLDS 


NORMAL 


MOD. MSEV. 
A.B.R. ESTIMATE 


ly predicted, using our scale categories, in 76% of 
subjects, and was accurate + one category in 
another 18%. Jerger’s correction factor applied to 
these data resulted in 70% correct predictions and 
12% + one category correct predictions. Neither of 
these differences is particularly striking, but what is 
impressive is the difference in those children whose 
threshold estimates were off by more than one cate- 
gory. Our predictions were off in more than one 
category in five patients (6%), while Jerger’s pre- 
dictions were off in 16 patients (19%). This differ- 
ence is accounted for by the tendency of Jerger’s 
factor to overcorrect the wave V threshold when 
predicting the PTA in those patients with severe and 
profound hearing loss, and some response on ABR. 





Comparison of wave V ABR estimates of the 
PTA 500-2,000 Hz with those obtained by fol- 
low-up (typically 2-3 years later) pure-tone au- 
diogram. ABR - Brainstem response audio- 
metry; N - Normal; M - Mild; Mod -Moderate; 
MSEV - Moderately severe; S -Severe; P - Pro- 
found. (Jerger data adapted from Jerger and 
Mauldin. ') 


o SMITH 
e JERGER 


In other words, in patients with wave V thresholds 
of 80-100 dB Jerger’s factor would predict a moder- 
ately severe hearing loss although most of these pa- 
tients hed severe to profound losses on follow-up PT 


audiogram. 
SUMMARY 


Our cata suggest that ABR is an accurate method 
for estimating the PTA 500 - 2,000 Hz in young and 
multihandicapped children, when conventional au- 
diometric testing is unavilable or the results ambig- 
uous. The correction factors for converting wave V 
thresholds to an estimated behavioral threshold 
used herein appear to be more accurate than pre- 
viously published methods. 
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INTRODUCTION prepared as described earlier.’ A sample of the antiserum was ab- 


Antileukoprotease is a potent inhibitor of human ortay ena isolated as described earlier" for use 
leukocyte elastase’? and chymotrypsin-like cationic 
proteins.** It accounts for about 90% of the pro- 
tease-inhibiting capacity of human bronchial secre- 
tions.* The remainder of the inhibiting capacity is 
mainly accounted for by a-antitrypsin and «,-anti- 
chymotrypsin.‘ Antileukoprotease has not been 
found in plasma using an immunodiffusion tech- 
nique.’ However, using a new radioimmunoassay 
for the inhibitor, we have recently found antileu- 


koprotease in human serum in a concentration of 
about 125 yg/1.5 


Antileukoprotease was originally localized to mu- 
cosal and submucosal structures of the upper air- 
ways in our laboratory with an indirect immuno- 
peroxidase technique.® The results obtained did not 
allow detailed analyses as to cell localization of the 
inhibitor. The purpose of the present investigation 
tion was therefore to establish more exact localiza- 
tion for the inhibitor by applying recent improve- 
ments of an immunohistologic technique. The method 
basically utilizes immune complexes of peroxidase 
with rabbit antibody against peroxidase (FAP) ac- 
cording to Sternberger.’ 


METHODS AND MATERIALS 
MATERIALS 


Materials used in this study are as follows: 3.3-dicminoben- 
zidine-tetrahydrochloride from BDH Chemicals Ltd, Peole, Eng- 
land; Pertex, from Histolab, Bethlehem Trading Ltd. Gothen- 
burg, Sweden; swine-antirabbit IgG, PAP and normal swine ser- 
um from Dako Immunoglobulins, Copenhagen; Shiffs reagents 
from Merck, Darmstadt, Germany; and pepsin from Sigma 
Chemical Co, Stockholm. Monospecific rabbit antiserum against ing the negative mucous glan 
the low molecular weight inhibitor from bronchial secretions was 450) 





Fig. 1. Seromucous gland of tracheal mucosa. Positive 
(black) staining of the serous a semilunary surround- 
S. 


(Panchrome green filter, x 
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Fig. 2. Positive (brown) staining for antileukoprotease in serous gland cells of tracheal mucosa. (x 1250) 


Tissue Sections. Human tracheal mucous membranes were 
taken at operation from three patients undergoing tracheostomy. 
Maxillary sinus mucosa was obtained from three patients under- 
going surgical correction of facial deformities. 


METHODS 


The fixation and immunological staining procedures were 
adopted and slightly modified from earlier publications?’ '° as 
follows: 

1. Tracheal and maxillary sinus mucosa were fixed immediate- 
ly in buffered formalin solution for more than 24 hours and then 
imbedded in histowax. 

2. Sections were cut at 5 p, mounted on glass slides, dewaxed 
and hydrated by washing for 2-3 minutes in xylene, ethanol 
99.5%, and ethanol 96% and Tris-buffer successively. The Tris- 
buffer (0.05M Tris-HCl, pH 7.6 containing 0.15M NaCl) was 
used for all serum dilutions and washings. Washing was per- 
formed in three changes of the Tris-HC1 buffer, each fer 30 min- 
utes. 

3. Sections were incubated for 30 minutes at 37°C in a solution 
of pepsin (4 mg/ml in 0.01M HC1) to reduce background stain- 
mg." 

4. Endogenous peroxidase activity was blocked by incubation 
with a 0.3% solution of hydrogen peroxide in methanol for 30 
minutes. 

5. To further reduce nonspecific background staining, sections 
were treated for 10 minutes with normal, nonimmune swine 
serum, diluted 1:20.° 

6. Specific antiserum to antileukoprotease in seven different 
dilutions (1:20, 1:50, 1:100, 1:200, 1:500, 1:1000, 1:2000) was ap- 
plied for 30 minutes. Controls were incubated with the same dilu- 


tions of the specific antiserum, which had been previously ab- 
sorbed to purified antileukoprotease. 

T. Seetions were treated with swine-antirabbit IgG, diluted 
1:20, for 30 minutes. 

8. Peroxidase-antiperoxidase (PAP) complex was then added 
for 30 minutes in a dilution of 1:20. 

9. The-sections were developed with diaminobenzidine (0.6 g/l) 
and hydrogen peroxide (0.01% ) for 5-10 minutes. 

10. After counterstaining with the PAS-method or hematoxy- 
lin, sections were dehydrated and mounted in Pertex. All steps 
were carried out at room temperature and in a humidified cham- 
ber. 


RESULTS AND DISCUSSION 


The high concentrations of antileukoprotease 
found in bronchial secretions* suggested local pro- 
duction of the inhibitor. In a previous study using 
an immunoperoxidase method, we found positive 
staining of the seromucous glands of the tracheal 
mucosa and also of the ciliated epithelium indicat- 
ing a mucosal production site of antileukoprotease.° 
To localize the productive site more specifically, we 
combined a more sophisticated immunoperoxidase 
method with PAS staining. To reduce background 
staining, we incubated sections first in pepsin and 
then in swine serum, also higher dilutions of an- 
tiserum were used and the sections were washed 
more thoroughly. The most suitable dilutions of our 
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Fig. 3. Maxillary sinus mucosa. Positive (black) treba 
for antileukoprotease in serous gland cells. Ciliate 
epithelium with goblet cell negative. (Panchrome green 
filter, x 450) 


antiserum were 1:1000-1:2000. Sections prepared 
with this method showed no background staining. 


Morphological detail in all sections examined was 
excellent. Positive brown staining for antileukopro- 
tease contrasted well with the blue hematcxylin or 
the pink PAS counterstains. Positive staining for an- 
tileukoprotease was confined to the serous parts of 
the seromucous glands of both tracheal (Figs. 1 and 
2) and maxillary sinus mucosa (Fig. 3). The PAS- 
positive cells contained no demonstrable artileuko- 
protease nor did any cell of the ciliated epithelium 
(Fig. 3). In control sections handled in the same 
way but incubated with the specific antiserum pre- 
viously adsorbed with antileukoprotease, the posi- 
tive staining was completely abolished confirming 
the specificity of the reaction for antileukoprotease 
(Fig. 4). The present results strongly indicate that 
antileukoprotease found in bronchial secretions is 
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Fig. 4. Control. Serous and mucous gland cells of tracheal 
mucosa incubated with specific antiserum previously ab- 
sorbed with antileukoprotease showing no positive stain- 
ing. (Panchrome green filter, x 450) 


produced in the respiratory tract mucosa by the 
submucosal serous glands. This conclusion is sup- 
ported by the absence of any demonstrable immun- 
ologic cross-reactivity with plasma proteins. Pre- 
liminary studies of the immunoreactive antileuko- 
protease found in serum show that this protein has a 
molecular weight of about 10,000, indicating a 
noncomplexed inhibitor. 


It remains to be proven, although it seems most 
likely, that antileukoprotease found in serum is 
derived mainly from the respiratory tract. The same 
inhibitor appears to be produced in vesicula semi- 
nalis and in the uterine cervical mucosa. However, 
given the size differences between the respiratory 
and other sources, it seems likely that the respira- 
tory tract is the main source of serum antileukopro- 
tease.” 
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EARLY- AND MIDDLE-AER COMPONENTS TO CLICKS AS 
RESPONSE INDICES FOR NEONATAL HEARING SCREENING 


HELENE A. FRYE-OSIER, MS 
JUDITH E. HIRSCH, PhD 


ROBERT GOLDSTEIN, PhD 
KATHLEEN WEBER, LPN 


MADISON, WISCONSIN 


Early- and middle-component-averaged electroencephalic responses (AER) to monotic clicks at 60, 40 and 20 dB normal hearing level 
were elicited from 18 carefully selected normal neonates. Grand-composite AERs of the responses from all 18 babies showed stimulus- 
related configurations at all three stimulus levels. AERs for individual babies were more frequently identified as stimulus-related when 
poststimulus activity beyond 10 ms was included in response-identification procedures than when only the first 10 ms was observed. 


The importance of screening the hezering of 
newborn babies who are at risk for congenital hear- 
ing loss has had extensive endorsement.'~* Similar 
endorsement is being given to the importance of 
screening the hearing of neonates who are at risk for 
survival because of the high incidence of hearing 
loss in this population.** Increasing interest also is 
being expressed in those babies born with mild to 
moderate hearing losses.* '° 


Because hearing impairments of varying magni- 
tude are common in young children," it is desirable 
to reconsider earlier calls for routine hearing screen- 
ing of all neonates. Any routine procedure should 
screen out mild to moderate and unilateral hearing 
impairments as well as the severe losses. 


The most popularly used behavioral observation 
procedure of the past’? or a frequently recom- 
mended objective, automated procedure," both of 
which are simple and economical, are not suffici- 
ently sensitive for screening a broad range of hear- 
ing impairments. In addition, these procedures are 
not applicable for follow-up hearing evaluation. 
Thus, if a difference in hearing is found during 
follow-up, one cannot be certain that the difference 
represents a true change in hearing or is just an arti- 
fact of differences in test procedures. 


Electroencephalic procedures, on the other hand, 
are proving sensitive to mild and moderate hearing 
impairments and are usually applied in a wey to de- 
tect unilateral hearing losses. Further, they can be 
applied, with negligable variations, on older infants 
and children during follow-up examination in the 
same way they were applied to neonates. 


Others**:'*'° have reported promising results 
with electroencephalic audiometry with weve V of 
the early or brainstem components (first 10 ms) of 
the averaged electroencephalic response (AER) as 


the response index. Our observations with the early 
components are consonant with those reported by 
others. However, our experience’®'? with the mid- 
dle components (10-80 ms) of the AER suggests that 
they may be an equally sensitive index for neonatal 
hearing screening. The purpose of the present study 
was to compare early and middle component AERs 
to the same clicks in the same normal neonates 
before considering a single response index, or com- 
bination of indices, for routine screening of the 
hearing of all normal and high-risk neonates. 


METHODS AND MATERIALS 
SUBJECTS 


We selected babies who were not high-risk for congenital hear- 
ing loss according to the five criteria established by the Joint Com- 
mittee on Infant Hearing Screening and who had not experienced 
hypoxia or neonatal sepsis.*°?! Eighteen babies meeting our cri- 
teria served as subjects. They ranged in age from 43-168 hours 
(mean of 77 hours). We allowed at least 24 hours to elapse for the 
pediatric and nursing staff to detect subtle abnormalities that may 
not have been apparent at birth. All 18 babies were described by 
their pediatricians as normal term infants. Estimated gestational 
age ranged between 38-41 weeks (mean of 39.7 weeks). Fifteen of 
the births were normal, spontaneous vertex presentations; three 
were caesarian sections. One- and 5-minute apgar scores were 
8-10. Other babies who met all of the hearing and physical 
criteria were not tested if the nursery staff expressed any concern 
about a baby’s normality even if the nurses or aides could not de- 
fine the basis for their misgivings. No baby selected by these same 
rigid criteria for previous studies has yet been reported to us as 
having a hearing loss or other communicative disorder. 


PROCEDURES 


Stimulus Conditions. Clicks were generated by a 0.1 ms electric 
pulse delivered to an electrically-shielded earphone (Telex, 
TDH-49). The polarity of the pulse was constant throughout the 
study. The clicks were presented monotically at 10/s at 60, 40 and 
20 dB re normal adult thresholds (nHL) for the same clicks. Only 
one ear was tested. An equal number of right and left ears was 
used. Each resulting AER consisted of responses to 1500 clicks at 
each level. A silent control of 1500 samples was also obtained. The 
four conditions were repeated. 
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Fig. 1. Composite early component AERs (2 
x 1500 = 3000 sweeps per trace) for the 60 
dB nHL click from each of the 18 normal 
neonates who were subjects in this study. 
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The earphone and its cushion (MX-41/AR) were set in an acous- 
tic enelosure (Audiocup) to reduce some of the ambient noise dur- 
ing the test. A piece of cotton gauze was placed over the earphone 
with a hole cut at the position of the earphone diaphragm. The 
gauze prevented contact of the shielding against the baby’s ear or 
face. Hearing levels were established in the same acoustic envir- 
onment on normal-hearing young adults with the same shielded 
earphone and enclosure and with a gauze separator. 


0.20 uV 


Recording Conditions. Electroencephalic activity was recorded 
between silver disc electrodes (Grass E5SH) attached to the vertex 
and to the mastoid ipsilateral to the stimulated ear. A third elec- 
trode on the forehead served as the ground. Interelectrode impe- 
dances were 5000 2 or less. 


Electroencephalic activity was amplified (Hewlett-Packard 
8811A) 20,000 times. The passband of the amplifier was 1.5-3000 
Hz with 6 dB/octave skirts. The amplified activity was routed in 
parallel to an FM tape recorder (Hewlett-Packard 3960A) and to 
a filter (Krohn-Hite 3342R). At the tape speed of 15 ips the re- 
cording passband was DC-5000 Hz with a low-pass roll-off of 18 
dB/oetave. All data reported were derived from off-line analysis 
of the FM tapes. 


The electroencephalic activity routed through the filter was 
filtered through a passband of 20-3000 Hz and further amplified 
ten times. The filtered and amplified activity was fed into a signal 
averager (Nicolet 1070) for visual monitoring of ongoing activity 
and of accumulating AER. The signal averager was set to reject 
any sample containing any point greater than 9.4 „V at the head. 


Electroencephalic activity was recorded with the baby posi- 
tioned comfortably on the lap of the attending nurse. The ear- 
phone with its acoustic enclosure and gauze protector was placed 
over the baby’s ear. Care was taken to avoid collapse of the ear 
canal. Most babies slept throughout the test session although a 
few cried or moved actively during portions of the session. 


Data Analysis. The analog FM tape recordings of the amplified 
electroencephalic activity were analyzed through a computer- 
based system (Nicolet MED 80). Preliminary investigations of 
tape-recorded activity from neonates and adults played through 
various filter passbands led to the selection of different passbands 
for looking at the early or brainstem activity (first 10 ms poststim- 
ulus): 40-3000 Hz for neonates and infants and 100-3000 Hz for 
older children and adults. The lower high-pass cutoff for neonates 
reflects the greater proportion of low-frequency energy in their 
early-component AERs than in the equivalent AERs from adults. 
The high-pass slope of the filter (Krohn-Hite 3342R) had a linear 
roll-off of 48 dB/octave with a 40 Hz cutoff. Above that, the pass- 


54,000 sweeps per trace) is in the lower right. 
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band was flat until about 850 Hz. The roll-off then gradually in- 
creased sc that at 3000 Hz the attenuation was 18 dB. The tape- 
recorded ctivity also was amplified ten times through the filter. 
For mid die-component AERs, the recorded activity was filtered 
without additional amplification with a passband of 25-85 Hz 
with a linear 48 dB/octave roll-off on both sides of the band. The 
poststim wius-onset analysis window was 80 ms. 


Visual -omparison of the early- and middle-component AERs 
indicated more clearly identifiable middle-component AERs, 
especially~at 20 dB nHL. Wave V, the most identifiable aspect of 
the early-component AERs, appeared to be too close to the end of 
the 10 ms analysis window to be a useful landmark. Therefore, 
we repleved the recorded electroencephalic activity through an 
extendec analysis window of 20 ms even though, by definition,” 
the 10-22 ms portion of the window is part of the middle com- 
ponents. Wave V is a more prominent landmark in the 20 ms 
traces ane the following negative and positive waves of the mid- 
dle com »#nents also contribute to waveform identification. 


We ex mined both the individual AERs (N = 1500) and the 
composites of the two replications of each condition (N = 3000). 
For bot early- and middle-component AERs, the composites 
were slizatly freer of background noise and their characteristic 
configuretions were more easily identified, particularly for the 20 
dB nHL eondition. In the next section, therefore, we display only 
the com oesite AERs. 


RESULTS 


The-early-component AERs from all 18 babies for 
the 60 dB nHL clicks are shown in Figure 1. Al- 
though there are obvious differences between 
babies, attributed mainly to differences in the un- 
cancelled noise background, there are more com- 
monali ies than differences. The trace in the lower 
right cof the figure is the grand-composite AER 
across all 18 babies. If individual differences were 
great, the grand-composite would be much smaller 
and, perhaps, even a straight line. 


Figure 2 shows the middle-component AERs to 
the ideatical clicks. Again, similarities between the 
18 babies are greater than are the differences as at- 
tested by the grand-composite AER in the lower 
right. 
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The grand-composite early- and middle-compon- 
ent AERs at each intensity level and for the silent 
control are shown in Figure 3. The systematic re- 
duction of peak amplitudes with reduction in signal 
level is apparent in both sets of AERs. Some of the 
peaks in the silent control traces are as large as those 
of the 20 dB nHL trace. However, the configura- 
tions of the silent control traces do not resemble 
those of the 60 dB and 40 dB nHL traces whereas 
the 20 dB nHL trace closely resembles those derived 
with stronger signals. Figure 3 also indicates that, 
at least as a group, the neonates show both early- 
and middle-component responses down to 20 dB 
nHL. 


Naturally, individual neonates do not show as 
clean or as definable traces as are seen in the grand 
composite AERs. For most of them, however, the 
responses are identifiable by inspection. Im Figure 
4A, the middle components are as identifiable at the 
three levels as are the middle components in the 
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Fig. 3. Grand-composite early- and middle-component 
AERs as a function of signal level for the 18 aormal 
neonates who were subjects in this study (18 x 3)00 = 
54,000 sweeps per trace). Po, Pa, Pb, Na, Nb, I, III, V 
-Conventional desginations of the major peaks of the AER. 
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Fig. 2. Composite middle-component AERs 
(2 x 1500 = 3000 sweeps per trace) for the 60 
dB nHL click for each of the normal neo- 
nates who were subjects in this study. The 
grand-composite AER (18 x 3000 = 54,000 
sweeps per trace) is in the lower right. 
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grand composite AERs (Fig. 3). The early compon- 
ents in Figure 4A for this particular baby are not 
quite so definable. The early- and middle-compon- 
ent AERs in Figure 4B also are easily identified. 
However, the silent control AERs could be misinter- 
preted as responses to a low sensation-level signal. 
Figure 4C displays the poorest of the 18 babies in 
terms of either early- or middle-component iden- 
tification. This baby was physically active and cried 
during much of the test session. 


Several objective computer-analysis techniques 
were used to score the early and middle AEBRs to de- 
termine at what levels the AERs had exceeded the 
minimal criteria for response. The criteria were 
based on amplitude measures at fixed latency values 
determined from the grand-composite AERs.? Peak 
latencies used to score the silent control AERs were 
derived by extrapolating the latency-intensity func- 
tions for the respective peaks to -10 dB nHL.» An 
AER was considered to be a response if its value ex- 
ceeded the positive value of two standard deviations 
of the scores for the silent control AERs. Various 
combinations of peaks were used for each time zone 
to help ascertain which of the peaks appeared to be 
contributing most to response identification. 


Neither the early-component waves nor the mid- 
dle-component waves, in any combination, was dis- 
tinctly superior to the other in identifying responses 
to the low-level signals or in rejecting silent-control 
AERs as responses. We did note, however, that the 
early-component scoring indices that incorporated 
peaks beyond wave V identified more signal-related 
AERs as responses than did the scoring indices, in- 
cluding wave V alone, that did not use peaks be- 
tween 10-20 ms. These latter waves are part of the 
middle-component time zone as defined by Picton 
et al.” 
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Fig. 4. Composite early- and middle-component AERs (2 x 
1500 = 3000 sweeps per trace). A) Normal neonate A. 
Silent control traces = not appear response-related. B) 
Normal neonate B. Silent control traces could possibly be 
mistaken as a response-related configuration resultin 

from a weak (ie, less than 20 dB SL) but audible click. C 

Normal neonate C. This baby was physically active and 
cried during much of the test session. 


DISCUSSION 


As a group (cf grand-composite AERs in Fig. 3), 
the 18 carefully selected normal neonates showed 
both early- and middle-component AERs indicative 
of response for the 60, 40 and 20 dB nHL clicks. 
Does the waveform for the 20 dB nHL click reflect 
positive contributions from all 18 babies or do only 
some of the babies contribute all of the response- 
related componentry overriding the physiologic 
noise from all 18 babies? Figures 1 and 2 display the 
AERs for the 18 individual babies for the 60 dB 
nHL clicks. The morphology of individual AERs 
does reflect that of the grand-composite AERs. 


Moreover, no subgroup of individual AERs shows 
drastic differences in waveform or amplitude which 
would skew the grand-composite AER to represent 
that subgroup. The signal-to-noise ratio for 20 dB 
nHL did not allow as easy a visual comparison be- 
tween configurations of the individual AERs and 
the corresponding grand-composite AER. Never- 
theless, inspection of the traces revealed nothing to 
sugges: that AERs from only a subgroup of neonates 
influemced the configurations of the grand-compos- 
ite AERs for 20 dB nHL shown in Figure 3. 


Constraints of a research study on normal babies 
precluded adequate structuring of experimental 
condit ons. For example, we could not test all of the 
babies at times when they would sleep quietly 
enough for us to be more nearly certain that lack of 
a respense-related AER configuration for the 20 dB 
signal meant that the signal was not at or above 
threshold. Our inability to regulate the acoustic en- 
vironment meant that we did not always have am- 
bient noise levels low enough for us to be certain 
that the 20 dB nHL clicks were not being partially 
or totally masked, or that all babies were being 
tested .n the identical noisy background. 


It can be questioned why one would want to 
screen with a 20 dB nHL signal when inferences 
about normality of threshold might be derived from 
early-eomponent peak latencies in an AER to a 60 
dB nHL click. Such inferences may be safe and ac- 
ceptable if threshold sensitivity is normal or if there 
is a cenductive hearing loss. However, some evi- 
dence has been reported?’ that 60 dB nHL latencies 
may be normal in the presence of a sensory-neural 
hearing loss less than 60 dB if there is loudness 
recruitment. More importantly, extrapolation to 
threshold from suprathreshold early-component la- 
tencies depends on a narrow range of latencies. In 
neonates, the reported latency ranges and standard 
deviations®''® for wave V are large for extrapolation 
purposes. Also, change of latency as a function of 
age is most rapid shortly after birth.*'*'5 Therefore, 
one would have to be certain of the gestational age, 
a measure which has its own considerable range of 
uncertainty, before the reference latency for 60 dB 
nHL could be determined. 


It can also be questioned why at 20 dB nHL only 
1500 samples were taken for each AER or 3000 for 
the composite of the two replications. During the 
time it took to accumulate 1500 samples at 10 per 
second to be certain that middle components were 
being encompassed, could not many more samples 
of early-component activity have been accumulated 
at a considerably faster rate (eg, 50 per second) thus 
assuring a more clearly-identifiable wave V? No 
easy answer can be given to this question but one 
can be offered on the basis of the grand-composite 
AERs. The grand-composite AERs were based on 
94,000 samples. For 60 dB nHL and 40 dB nHL 
such a number is certainly sufficient to produce 
clean, robust AERs not much smaller than the in- 
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dividual AERs from which they were derived. It is 
not likely, therefore, that increasing the individual 
sample size to 7500 (or 15,000), for example, would 
have significantly improved the identifiability of 
wave V at 20 dB nHL. In the meantime extremely 
fast rates with correspondingly smaller analysis 
windows limit or even preclude the use of the fol- 
lowing middle-component waves for response iden- 
tification. 


The most important middle-component activity 
for response-identification purposes appeers to oc- 
cur within the first 60 ms following click onset. If 
one limited the analysis window to 60 ms, then 
stimulus rates could be increased to about 15 per se- 
cond allowing for an abbreviated test time without 
sacrificing the opportunity of seeing both early- and 
middle-component peaks to the identical stimuli. 


We are not recommending any one scoring pro- 
cedure at this time because the power of a scoring 
system cannot be validated on the population from 
which the scoring criteria were derived. The vari- 
ous objective scoring systems should be applied to 


equivalent but different populations of neonates be- 
fore that decision is reached. Further, we are reluc- 
tant to recommend a specific objective scoring pro- 
cedure based on the data reviewed because we are 
not convinced that we have identified the best way 
of recording and displaying the response-related 
electroencephalic activity. More recent experience 
in our laboratory suggests that it may be advan- 
tageous to filter all of the electroencephalic activity 
through only one passband and to display both 
early- and middle-component peaks in the same 
time window. The choice of filter passband, slope, 
and the nature of the filter itself will affect the 
relative prominence of each of the peaks; and, 
unless a phase-shiftless filter is used, even the ap- 
parent latency of some of the peaks will be affected. 


New objective, automated scoring criteria will 
have to be derived for any new recording proced- 
ure. Ideally, the scoring criteria should be derived 
on a new population of normal neonates tested 
under acoustic conditions more favorable than were 
possible for this study. 
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This study details vocal quality, articulation errors. and hearing disorders ir 30 children and young adults with diagnosed allergies. 
Results indicated that almost 50% had abnormalities ir vocal quality and/or articulation and 13% had reduced auditory acuity. Vocal 


quality disorders showed a significant relationship to bronchial 


asthma in asscczation with other allergic reactions. All subjects with 


diminished hearing had allergic rhinitis either singly or in combination with another disorder. Findings suggest that bronchial asthma and 
allergic rhinitis are related to the development of vocal quality disorders and that allergic rhinitis is associated with misarticulations and 
diminished hearing. The presence of speech sound omissions in allergic rhinitis patients above age 8 may predict the presence or previous 


history of fluctuating hearing loss. 


INTRODUCTION 


Allergic individuals are often characterized by 
factors which may affect vocal, articulatory and 
auditory mechanisms. These factors may include 1) 
chronic cough, 2) throat clearing, 3) edema of the 
mucous membranes of the nose, pharynx and vocal 
cords, 4) enlarged adenoids, 5) otitis media, and 6) 
a high incidence of vocal cord lesions.'’* These al- 
lergic individuals may be more susceptible to devel- 
oping disorders of vocal quality, articulation and 
hearing.’ Nasal allergies originating early in devel- 
opment may contribute to poor nasal ventilation 
and eventually produce underdevelopment of the 
nasal sinuses. This condition in turn may produce 
improper development of the maxilla and palatine 
bones resulting in formation of a long narrow den- 
tal arch and a high domed palate. Consequently, 
many of the structural features related to proper 
speech production may be affected, eg, malocclu- 
sion of the dental arches. 


The problems caused by allergies in children and 
young adults are often compounded by the multi- 
plicity of complaints involved. For example, the 
chief presenting complaint of a young patient may 
be bronchial asthma. However, the patient may 
have previously experienced gastroenteritis, fol- 
lowed by the development of rashes and urticaria.” 
The allergic attack may move into the upper respir- 
atory tract and produce allergic rhinitis and serous 
fluid in the middle ear, with concomitant dimin- 
ished hearing. At any point in this process, the aller- 
gic patient may be referred to a speech-lenguage 
pathologist or audiologist for evaluation and ther- 


apy. These specialists should recognize the multipli- 
city of factors involved in dealing with allergic pa- 
tients. 


Allergies have also been indicated in the develop- 
ment o: vocal quality and articulation disorders. 
For example, Senturia and Wilson’ found that there 
was frequently a history of allergic rhinitis in chil- 
dren with vocal quality disorders and Szanton® sug- 
gests that allergic hearing loss may affect the quali- 
ty of speech development and production. 


Although the relationship of allergies to vocal 
quality disorders, voice deviation and hearing loss 
has beea reported repeatedly, few, if any, studies 
have de-ailed these hypothesized relationships. We 
found instead many studies suggesting additional 
work æ these areas. For example, Szanton and 
Szantor® state that studies of allergic disease may 
establis etiologic conditions for many presently in- 
explicable problems of speech and language devia- 
tions. Yairi et al? note the need for more informa- 
tion on the influence of allergies and other factors 
on phcratory disorders, and Baynes" suggests that 
the high incidence of chronic hoarseness in children 
is an area for continued work. Therefore, the lack 
of definitive information in this area warrants re- 
search mto the vocal quality and articulation char- 
acteristics of allergy patients. 


The purposes of this study are to describe the vo- 
cal quality, articulation and hearing characteristics 
of a group of children and young adults with di- 
agnosec allergies, and to determine whether speci- 
fic allerzies resulted in specific vocal quality and/or 
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TABLE 1. VOCAL QUALITY, AUDITORY AND 
FLUENCY DISORDERS AND ARTICULATORY ERRORS IN 


PATIENTS WITH ALLERGIES IN LOUISVILLE (N = 80) 
————————————S8 84a 


No. w:th 
Experimental Parameter Disoraer % 
Vocal quality disorders 36 44,75 
Articulatory errors 39 48.75 
Vocal quality and articulatory errors 17 21.25 
Auditory acuity disorders 1] 13.75 
Fluency disorders 0 0.00 


misarticulation errors. The ultimate goal of re- 
search of this type is to ascertain if specific articula- 
tion and/or vocal quality errors may be used as di- 
agnostic or predictive tools in the diagnosis and 
treatment of allergy patients. 


METHODS 


Subjects. Eighty patients were selected randomly from those 
being treated for allergic disorders at Norton-Children’s Hospital, 
Louisville. All medical intervention was withheld ‘or approx- 
imately 48 hours before assessment. 


All patients were at least 8 years old (x= 12.1, range 8 to 23) 
and possessed adequate oral structures and mobility as deter- 
mined by a standard oral mechanism evaluation. Sinee adequate 
articulation is normally achieved by age 8, the articulation errors 
presented by this sample were assumed to be related to deviancy 
rather than lack of articulation maturation," 


Each patient had a complete history and physical examination, 
routine and specific laboratory tests and allergy skin tests. The 
history and physical examination were complete but emphasized 
problems related to upper and lower respiratory systems, eyes, 
ears, skin and gastrointestinal tract. Laboratory tests consisted of 
a complete blood count, nasal smear, quantitative immunoglobu- 
lins, chest x-ray films and, if necessary, x-ray films of sinuses and 
finding sweat chloride value. If the patient was shown to be aller- 
gic, skin tests for allergies to inhalants and food were done initi- 
ally with scratch tests using 1:20 weight/volume conceatration ex- 
tracts. Patients’ allergies were diagnosed as being seasenal and/or 
perennial allergic rhinitis, asthma, exercise-induced asthma, 
serous otitis media, eczema, food allergy or other allergic disor- 
ders. The use of symptomatic treatment and/or immanotherapy 
depended on clinical manifestations, laboratory tests, allergy skin 
tests, environmental control and avoidance. 


Speech, Language and Hearing Assessment, Each patient was 
administered the Fisher-Logemann Test of Articulation Compe- 
tence, which was originally determined on subjects representing a 
wide range of dialectic, socioeconomic and foreign language 
backgrounds. In this test, the patients were instructed to name 
stimulus pictures as the examiner pointed to them. Based on the 
patients’ responses, articulation errors were phonetically trans- 
cribed on a standard form. The phonetic transcription was then 
analyzed according to error type and phoneme classes. 


Patients’ speech samples, for vocal quality analysis, were tape- 
recorded in a quiet room as they read aloud a selected passage. 
Microphone-to-mouth distance was standardized at 30 5 cm. The 
examiner then made a perceptual judgment of vocal quality ac- 
cording to the parameters of frequency, intensity and resonance. 


To determine speech fluency, each patient read a selected pas- 
sage, then produced spontaneous speech elicited from picture 
stimuli. A perceptual judgment was made by the examiner ac- 
cording to methodology outlined by Johnson et al.” 


In addition to speech-language analysis, each patient was given 
pure tone air and bone conduction assessment on a Beltone por- 


table audiometer, calibrated to the four standard frequencies of 
1,000, 2,000, 4,000 and 6,000 Hz.” 


After data collection, a nonparametric chi square amalysis was 


TABLE 2. CHI SQUARE VALUES FOR ALLERGIES AND 


VOCAL QUALITY DISORDERS 
oe eee 


Vocal Quality Chi Square 
Allergic Disorder Disorder Value 
Bronchial asthma Mouth breathing 10.56" 
Bronchial asthma & Hyponasality, voiced 10.56* 
allergic dermatitis inhalations, difficult 
breathing 
Bronchial asthma, al- Breathiness, breathi- 39.49 
lergic dermatitis & ness & hyponasality 
food allergy 
Bronchial asthma, Hoarseness, low vocal 80.00T 


atopic dermatitis & intensity 
allergic rhinitis 
Allergic rhinitis & 
urticaria 
“Significant at p<0.01. 
Significant at p<0.001. 


Low vocal intensity & 12.48} 
breathiness 


employed to analyze the relation between vocal quality or misar- 
ticulations and specific allergic disorders. 


The observed frequencies of specific allergic disorders and 
misarticulations were cast into a 2 x 2 contingency table to test the 
null hypothesis of no difference between the two groups. The al- 
ternative hypothesis was that a specific allergic disorder or dis- 
orders were significantly related to certain types of misarticula- 
tions or vocal quality disorders. The region of rejection consisted 
of all x? values so large that the probability associated with their 
occurrence was equal to or less than a = 0.05. If a significant dif- 
ference was obtained, it was concluded that the specific allergic 
disorder was found more frequently in conjunction with a specific 
misarticulation or vocal quality disorder. 


RESULTS 


In this population of 80 individuals, almost 50 % 
of the subjects had vocal quality and/or articulatory 
errors (Table 1); 21% had both vocal quality and 
articulatory errors, 11 patients had reduced audi- 
tory acuity; no evidence was found of a fluency dis- 
order (Table 1). 


When the vocal quality disorders were broken 
down to type of disorder, most patients exhibited 
hoarseness (10%), breathiness (7.5%), hyponasali- 
ty (6.25%) or low vocal intensity (3.75%), with 
most of the remaining patients having a combina- 
tion of these disorders. 


The significant chi square values listed in Table 2 
indicate that bronchial asthma, either singly or in 
conjunction with other disorders, was related to 
vocal quality disorders in 6 of 7 patients. Allergic 
rhinitis, the only significant value not involving 
bronchial asthma, was significantly related to low 
vocal intensity accompanied by breathiness. 


The articulation error analysis revealed a total of 
136 errors distributed among 80 errors in blacks and 
56 in whites. The errors ranged from 1-17 with a 
mean number of 1.7 errors for all patients. 


All 11 patients with hearing loss at the time of the 
evaluation had allergic rhinitis either singly or in as- 
sociation with another disorder (Table 3). The 
range of the conductive type of hearing loss was 15 
to 40 dB. This was found consistently across all sub- 
jects in the low frequency range of 250 to 500 cps. 


ALLERGY & SPEECH & HEARING 279 


TABLE 3. RELATIONSHIP OF HEARING LOSS TO 
ALLERGY DISORDER AND VOCAL QUALITY AND 





MISARTICULATIONS 
Type of 
Subject Diagnosed Misarticulations Vocal Quality 
No. Allergy No. Type Disorders 
] AR, BA 0 — — 
2 AR 8 S — 
3 AR 4 1 S, 3 Om Low frequency 
4 AR, U, AD 0 — — 
5 AR 8 S Hoarse 
6 AR, ATD l Om — 
7 AR 4 3 S, 1 Ọm — 
8 AR l Om Hoarse 
9 AR, BA 2 S — 
10 AR, BA l S — 
ll AR, BA 2 1S, 1 Om Low intensity 
N=11 AR, BA, U, 31 24 S, 7 Om Low intensity, 
AD, ATD low frequency, 


hoarseness 


AR - Allergic rhinitis; BA - Bronchial asthma; U - Urticaria; AD - 
Allergic dermatitis; ATD - Atopic dermatitis; S - Substitutions; Om - 
Omissions. 


Four of the subjects had a 15 dB hearing loss in all 
frequencies tested. Two subjects exhibited a 20 dB 
loss at 4,000 and 8,000 Hz. Nine of the 11 patients 
had articulation errors; 4 of the 11 had accompany- 
ing vocal quality disorders (Table 3). Case history 
analysis revealed that the two patients with neither 
disorder had essentially normal hearing with a 
slight hearing loss at higher frequencies. 


In addition, the types of allergies were compared 
to misarticulations by the use of a chi square test. 
These test results indicated that allergic rhinitis oc- 
curring either singly or in conjunction with other 
disorders was related to 16 of 18 significant misar- 
ticulations. Omission errors were all in the fimal po- 
sition and included the sounds s, z, j. The substitu- 
tion errors were associated with a fronting phenom- 
enon, ie, the tongue was placed in an anterior posi- 
tion within the oral cavity. Perhaps swollen tissue 
within the respiratory tract thrust the tongue in a 
forward position for breathing purposes; therefore, 
resulting in a compensatory speech pattern. An ex- 
ample of the substitution errors is t substituted for 
ch (t/ch); s/sh; z/sh; and f/th. Bronchial asthma and 
bronchial asthma associated with other disorders 
had only two significant misarticulations. Three of 
the five patients with allergic rhinitis and misartic- 
ulations also had a hearing loss. Specifically, the 
three significant speech sound omission relation- 
ships involved a hearing loss. 


DISCUSSION 


The percentage (44.75%) of vocal quality dis- 
orders is between five and ten times greater than the 
percentage (6%) found in mass screenings in the St. 
Louis metropolitan area.” Although the type of 
vocal disorders was not discussed, the authors note 
that a family history of allergy occurred in over 
25% of the children with diagnosed vocal quality 
disorders. Significantly, however, a history of re- 


spiratory infection or allergic rhinitis occurred fre- 
quently in children with vocal quality disorders. 
These authors suggest that chronic allergic rhinosin- 
usitis may predispose a child to recurrent hoarseness 
and/or eventual development of benign lesions of 
the true vocal cords because of the inflammatory 
changes that produce hoarseness, breathiness, 
whisper and stridency. In a related study, Yairi et 
al? found a high incidence of nasal allergies in 
children with chronic hoarseness. 


In this study, bronchial asthma was associated 
with the most frequently found vocal quality disor- 
ders suggesting that both bronchial asthma and al- 
lergic rhinitis result in vocal quality disorders. Al- 
lergic rhinitis in conjunction with the other dis- 
orders was associated with hoarseness, breathiness 
and low vocal intensity. 


The specific cause of the disorders was not the 
subject cf this investigation; however, it is generally 
recognized that allergic reactions often result in 
either localized or edematous swellings.’ If the 
respiratory tract is involved, the vocal cords also 
may develop edema and inflammation.‘ 


These factors are potentially important for the 
speech-language pathologist and otolaryngologist in 
the evalaation and management of vocal quality 
disorders. If chronic or persistent hoarseness is the 
reason fer therapy, the possibility of allergy as the 
cause stould be evaluated carefully, along with 
other causes of edema such as disease, trauma, med- 
ication and hormonal imbalance. The importance 
of analyzing these factors is aptly summarized by 
Moore,'* who states that the remediation of voice 
disorders encompasses more than voice assessment 
and vocal exercises. 


The data obtained in this study on error cate- 
gories of substitutions and distortions are similar to 
that of LTemplin'® for normative data. Omission er- 
rors (15 % of total), however, were about three 
times higher than the 5% recorded for children 8 
years of ege. As noted in the results section, these in- 
creased values are also related to the incidence of 
hearing oss in subjects with allergic rhinitis. The 
presence of speech sound omissions in allergy pa- 
tients 8 years of age or older may be indicative of a 
fluctuatiag hearing loss and/or other causative fac- 
tors. 


The fiading of allergic rhinitis in association with 
diminished hearing and misarticulations is not sur- 
prising smce the literature is replete with reports of 
allergic ‘hinitis affecting the eustachian tube and 
middle ear.'57 Allergic rhinitis can result in dimin- 
ished hearing and, when chronic, lead to the devel- 
opment cf serous otitis media. It has been estimated 
that serous otitis may occur in 66% of children who 
have allergic rhinitis.’ The presence of fluid in the 
middle ear causes a conductive hearing loss which 
may range as high as 20-30 dB.'° It is difficult to 
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detect this type of hearing loss because it is often 
transient and fluctuating.® If this fluctuating hear- 
ing loss is present in the early years when articula- 
tion is developing, delayed or faulty speech may 
result.’ Thus, it is not uncommon for a young child 
with allergic rhinitis to have a history of delayed 
speech development.‘ 


These results may imply that children with aller- 
gic rhinitis should receive audiological analysis as 
well as articulation analysis. In addition. it might 
be appropriate for children producing mBarticula- 
tions to receive impedance screening. The audio- 
gram obtained by use of impedance audiometry is 
useful in determining whether there is current hear- 


ing loss. If impedance audiometry had been used in 
this study to test hearing levels, the incidence of 
auditory pathology might have been higher because 
some children can pass a pure tone screening at 25 
eg and still possess symptomatology of otitis 
media. 


An articulation analysis may be suggestive of a 
previous hearing loss or a fluctuating hearing loss. 
The key factor in the analysis would be the presence 
of numerous substitutions and omissions in children 
8 years of age or older. Substitutions and omissions 
are characteristic of immature articulation. This 
could suggest the possibility of a fluctuating hearing 
loss even with a normal audiogram. 
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MALLEUS HANDLE PROBE 
A MIDDLE EAR DIAGNOSTIC PROCEDURE 


R. BRUCE DUNCAN, FRCS, FRACS 


PALMERSTON NORTH, NEw ZEALAND 


Manual probing of the malleus handle (MH) of 477 patients suggests a protective middle ear reflex with a variable tonic contraction of 
the tensor tympani muscle (TTM). The degree and type of MH retraction suggests three stages of progressive middle ear inflammation. 
Prediction accuracy of 250 myringotomy findings was 60% with impedance audiometry and 92% with MH probing. Mechanical pressure 
gauge readings (grams) of 202 ears correlated with finger pressure estimations. The TTM tendons were sectioned in ten children with per- 
sisting otitis media with effusion (OME) and seven obtained benefit. The three diagnostic methods, pneumatic otoscopy, impedance 
audiometry and MH probing, assess similar and separate perimeters and are complementary. Malleus handle probing alone detects attic 
loculation of OME, 54 of 954 ears (5.6%). It extends the diagnostic range to the TTM activities. 


INTRODUCTION 


I began sectioning the tensor tympani muscle 
(TTM) tendon to free the malleus handle (MH) for 
middle ear reconstruction surgery in 1955. Rosen’s 
paper on stapes mobilization described probing of 
the stapes.' This suggested routine MH probing at 
the commencement of ear surgery. The range of 
movement and resistance to MH probing often cor- 
related with drum scarring, retraction pockets, 
middle ear adhesions and tympanosclerosis. Its use 
was limited in otosclerosis. During 1962, five 
marine diesel engineers were examined one hour 
after finishing their shift. All drums were retracted 
and on probing the MH was fixed. Topica! anesthe- 
sia was used. The Valsalva maneuver was easily 
performed with movements of the pars tensa. The 
TTM had retracted the MH and also facilitated air 
entry during the Valsalva maneuver. I began rou- 
tine MH probing prior to myringotomy for otitis 
media with effusion (OME) in 1968. MH probing 
predicted OME changes with a practical degree of 
accuracy. I suspected TTM tonic contraction from 
the inflammation of OME. I began a dissection pro- 
gram of the bony auditory tube (BAT), TTM and 
semicanal lamina (SCL) in fresh and preserved tem- 
poral bones. The results of dissection of 146 tem- 
poral bones are reported elsewhere. 


METHODS 


Adult MHs are probed with a disposable or meta! instrument 
(Fig. 1) in the office using a topical anesthetic. Bonain solution 
(equal parts of cocaine phenol and menthol) or iontophoresis of 
2% lidocaine are the preferred anesthetics. General anesthesia is 
required for young or nervous children. MH probing is followed 
by myringotomy if required. The disposable probe (Jefferson 
Products Ltd, PO Box 10-010, Wellington, NZ) is placed on the 
MH, 1 or 2mm above the umbo and slowly increasing finger pres- 
sure is exerted. Movement of the MH is accompanied by a change of 
light reflection from the drum surface, movement of the MH and 
lateral process of the malleus. During 1980 a mechanical pressure 
gauge with a detachable sterile metal probe recorded the force ap- 


plied. The angle and shape of the detachable probe was identical 
to the manual probe. The drum epithelium would not tolerate 
pressures over 70 g. The results were converted to force on the 
MH using the formula: Force grams on MH = gauge “give-way” 
force x cosine 35°. It is estimated that the error is less than 10%. 


The normal MH yields slowly to a probing force of 10 to 18 g 
and the displacement medially can be seen and felt (Fig. 2A). The 
MH returns promptly to the preprobing position. Occasionally 
the normal MHs of children and adults require considerable force 
before yielding, up to 45 g. Restricted MH movements (Fig. 2B) 
are felt as a gradual yielding resistance to a force of 40 to 58 g, 
with a reduction of medial displacement because there is already 
some retraction from the TTM and protective reflex. The MH 
will return slowly to the preprobe position of retraction or remain 
retracted after probing for 6 to 48 hours. The fixed handle (Fig. 
2C) is rigid on probing and will not yield to a force of 65-70 g. 
Probing has rarely produced an ecchymosis on the MH. I have not 
detected any MH delayed erosion or granulation ulcer in approx- 
imately 2200 probings. Audiograms before and after MH probing 
have not shown any acoustic trauma. 


The survey comprised 477 patients seen during a 3-year period 
(Table 1). The first subgroup is a control of 82 children with nor- 
mal ears who had general anesthesia for other procedures. The 
second subgroup of 96 patients had the MH give-way force 
measured by a pressure gauge. The third subgroup of 125 patients 
had impedance audiometry (Madson ZS76/1 and 220 Hz) re- 
corded before operation. Prediction of the middle ear pathology 
using impedance audiometry and MH probing were compared 
with findings at myringotomy (Table 2). Most children were in 
the 4 to 8 age group, but ages did range from 2 to 14. Anterior 
myringotomy and occasionally incision of the anterior or posterior 
membrana flaccida was performed. Loculated mucus may be 
present in an aerated middle ear after anterior myringotomy. 
Some degree of MH retraction is always present with OME. A 20 
gauge suction needle with a 2 mm foot is introduced and cau- 
tiously placed behind the posterior quadrants of the drum. It is 
then moved to behind the anterosuperior quadrant. If loculation 
is suspected in Prussak space or the attic, incision of the mem- 
brana flaccida anteriorly or posteriorly is performed. The quan- 
tity of mucus aspirated is greater than the capacity of Prussak 
space and must be supplemented from other attic loculations. An 
air-filled mesotympanum may discharge mucus when dependent, 
so re-examine after completing myringotomy on the other ear. 
Mucus in the auditory tube of an air-filled mesotympanum may 
be detected escaping from the torus in the mirror view of post- 
nasal space. The position of the MH is the balance of force be- 
tween the TTM tonic contraction and the resistance of the drum 
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Fig. 1. Malleus handle probe. 


and ossicular ligaments. Serous effusion appears to prevoke less 
TTM contraction force than a mucoid effusion. The MH-mea- 
sured give-way force has some correlation with finger pressure 
groupings and the state of the middle ear. This is a practical guide 
because the use of pressure gauges during normal operating condi- 
tions is cumbersome. 


RESULTS 


The two groups of 325 normal mobile ears, 
34.2% of the total survey, had 3 middle ears with a 
trace of effusion (Table 1). Subgroup of 198 ears 
had the MH probed with a mechanical pressure 
gauge and included 6 ears with ossicular fixation 
and normal middle ears. There were 43 (22.4%) 
normal ears, 12 (6.2%) had normal ears and slight 
retraction, 52 (27.1%) had air with a trace of effu- 
sion and 76 (39.6%) had middle ear effusion. The 
third subgroup, 125 patients (Table 2), had im- 
pedance audiometry on admission or within 1-4 
days of operation (92%). The remainder were 
country patients with a time lag of 5-21 days before 
operation. The prediction error was 40% for tym- 
panometry and 6% for MH probing. When both 
methods were combined the error improved to 3%. 
The C type tympanogram (Jerger) was the main 
cause of impedance prediction failure. Probe 
failures were 72 ears or 7.6%. The causes of MH 
probing prediction failures were: 


l. Loculation of OME, in particular Prussak 
space and possibly attic loculation. Occasionally 
there was air in the mesotympanum with a thick 
layer of tenacious mucoid effusion on the promon- 
tory and on the undersurface of the myringotomy 
incision. 

2. An edematous drum with no handle landmarks 
may be assessed as mobile because the fixed handle 
is not located by the probe (Fig. 2D). 


3. The patient had not been adequately sedated 
before anesthesia, ie, a struggling, crying child may 
empty much of the middle ear effusion but still have 
a retracted handle. 

4. Chronic OME with localized drum edema and 
a “floppy” MH suggests TTM atony, with a poor 
prognosis. 


TENSOR TYMPANI MUSCLE 


The TTM and tensor veli palatini muscle (TPM) 
are digastric.* The TTM evolved as a tubal and tem- 


Middle 
Handle Ear Procedure 
A + Normal mobile 
and returns: Air Nil 
rarely fixed Air Nil 
A Restricted Air or Nil unless 
B movement; trace of long- 


slow return fluid standing 


Fluid; if Venting 





fluid 


Fixed; not sus- tube 
no return pect Venting 
c compart- 
ment tube 
fluid 
Fixed or freely 
mobile when 
D located in Fluid; Venting 
edematous mucopus tube 
drum; probe 
cautiously 
Dry or Suction 
E Fixed or attic in- probe at- 
very mobile fected tic fluid 


Fig. 2. Malleus handle probing technique and interpreta- 
tions. A) Normal handle. B) Restricted movement. C) Fixed 
handle. D) Edematous drum. E) Central perforation and 
handle stump. 


poral muscle.’ In man the temporal portion has dis- 
appeared, leaving the tubal portion as a spindle- 
shaped muscle occupying the semicanal. The tubal 
muscle is vestigial in the dog and cat which have the 
temporal muscle arising from a fossa on the medial 
wall of the middle ear.* The results of studies on the 
TTM activity of these animals may not apply to 
man. The TTM contains two types of striated mus- 
cle and is supplied by the autonomic system and 
trigeminal nerve.° Tetanic contraction of the TTM 
occurs as a startle, fatigable reflex from stimulation 
of the orbital skin or lingual nerve.‘ The tonic con- 
traction is complex and regulates middle ear capaci- 
ty by retracting or relaxing the MH and drum. The 
tympanic glomus bodies may form part of this 
pressure regulating system.’ The TTM assists the 
TPM in opening the auditory tube.* Autopsy fin- 
dings suggest it has an effect on the flexible isthmus 
roof of infants.’ I surmise from clinical and autopsy 
evidence that there is an additional protective reflex 
initiated by inflammation of the auditory tube and 
middle ear. This reflex causes TTM tonic contrac- 
tion with retraction of the MH and opening of the 
isthmus until resolution of the process occurs. The 
protective reflex may be abolished by chronic in- 
flammation presumably of the TTM belly causing a 
floppy MH in an edematous drum. The TTM is rel- 
atively larger in the infant and I suggest this is 
because of the action on the isthmus roof, a narrow 
SCL and poor leverage of the TTM tendon inserting 
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TABLE 1. PATIENTS GROUPED BY FINGER SENSATION AND 


MECHANICAL PRESSURE GAUGE WITH MIDDLE EAR DISEASE* (N = 477) 


Handle Middle Ear Finger Pressure Pressure Pressure 


Mobility Condition Pressure Gauge No. Range(g) Average(g) 





Mobile control Normal 164 

Mobile Air 158 43 12-25 16.5 
Trace of effusion a l 24.4 
Very slight Air 52 12 25-36 28.9 
restriction Trace of 15 6 25-54 36.0 

effusion 6* == 
Restricted move- Air 42* 7 36-49 46.0 
ment Trace of fluid 45 14 30-54 45.0 
Effusion 2 ] 42.5 

Very slight move- Air 12 — 
ment Trace of effusion 59 t2 42-61 52-5 
28 10 48-67 50.0 
Fixed Air g* 2 48-61 54.0 
Trace of effusion 57 19 42-67 61.0 
289 65 49-73 64.0 

Excluded 13 6 

Total 954 198 


*Probe diagnostic failures - 7.6% . 


at 60° or greater angle into the neck of the malleus.’ 
The autopsy evidence of TTM prolapse into the 
BAT lumen suggests that chronic tubal inflamma- 
tion may involve the large TTM of children when 
the SCL and isthmus are closed by a thin mem- 
brane. The edematous TTM obstructs the superior 
portion of the BAT lumen but not the inferior. 
Chronic inflammatory obstruction may lead to ad- 
hesions and submucosal fibrosis of the BAT. Eight 
fresh cadaver ears had edematous obstructing 
TTM, a fibrous SCL and OME.’ It is suggested that 
adults with SCL dehiscences could suffer a degree 
of edema and prolapse of the TTM after descent 
from altitude or ascent from scuba diving. 


LOCULATION OF MIDDLE EAR EFFUSION 


OME may be loculated in Prussak’s space, the at- 
tic and between tympanic folds. This localized effu- 
sion and inflammation causes TTM retraction of the 
MH. The MH is fixed on probing and myringotomy 
reveals air in the middle ear and inflamed, often 
polypoid, mucosa on the promontory. Impedance 
audiometry is unable to detect loculated OME. The 
membrana flaccida is cautiously incised anteriorly 
or posteriorly and if mucus is released, a fine vent- 
ing tube (VT) is placed anteriorly. The VTs extrude 
in three to nine months but Sadé"® reports a longer 
duration. Loculation of OME was detected in 54 at- 
tics (5.6%). Loculated OME did not resolve with 


TABLE 2. PREDICTION IN 250 MYRINGOTOMIES 
IN 125 PATIENTS IN WHICH IMPEDANCE AND 
MALLEUS PROBING USED 





Impedance and probe correct 142 56.8% 
Impedance incorrect, probe correct 91 36.4% 
Impedance correct, probe incorrect 8 6.0% 
Impedance incorrect, probe incorrect 1 
Drum perforated no impedance, probe cor- 
rect 2 0.8% 
250 100.0 % 


simple nyringotomy, and if it is present or there is a 
clinical suspicion of it, a VT is placed. At follow-up 
visits the degree of handle retraction usually in- 
dicates the stage of recovery. 


CASE REPORT 


An 8-year-old female had been bottle fed in a propped position 
and had developed positional otitis media. Adenotonsillectomy at 
age 3'/, gave no relief and VTs were inserted a year later. Profuse 
discharge persisted and after three months the VTs were ex- 
truded. The patient was first seen at age 5 and an allergic workup 
produced improvement in nasal function and reinsertion of the 
VTs was »erformed three months later. The ears continued to dis- 
charge intermittently and the VTs were extruded at age 6. Three 
months later the TTM tendons were sectioned and VTs replaced. 
Ear discharge became less frequent and the VTs were removed at 
age 7. The hearing has averaged 20 dB loss for the last two years 
and during the last year the Valsalva maneuver does not cause 
MH movement. 


Comment. Profuse drainage from the ears fol- 
lowed insertion of VTs at age 4'/, and this continued 
until the TTM tendons were sectioned. Improve- 
ment ir drainage and hearing was rapid, although 
the chid was reaching the age when spontaneous 
improvement could be expected. 


Obstruction of the air channel of the BAT is a di- 
agnosis by exclusion. If OME persists despite re- 
peated nsertions of VTs, then a section of the TTM 
tendon should be contemplated before cortical 
mastoicectomy and inspection of the aditus. It is 
technically impossible to denervate the TTM and 
piecemeal removal would be hazardous. Ten chil- 
dren with OME had TTM tendon section, with 
clinical restoration of tubal function in 7, partial in 
l, and 2 failures. Cortical mastoidectomy was later 
performed on the failures. 


INTERPRETATION OF 
MALLEUS PROBING RESULTS 


MH probing responses reflect three continuing 
stages of progressive middle ear disease. Intermit- 
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tent OME has a degree of fixed handle on palpa- 
tion, but after myringotomy with or without VT in- 
sertion, there is a return to normal handle position 
within 6 to 48 hours. The second stage is zhronic 
OME with sustained TTM contraction. It is several 
days following myringotomy and VT insertion 
before the handle returns to the normal pos:tion. A 
persistence of retraction suggests OME loculation in 
the middle ear or obstruction and inflammation is 
continuing in the auditory tube. The third stage is a 
fixed retracted handle that does not returr to the 
normal position after myringotomy and VT inser- 
tion. This is observed at follow-up visits and in- 
dicates that there is developing contracture and 
atrophy of the TTM. The infrequent occurring flop- 
py handle and edematous drum with OME is the 
substage between 2 and 3. Recovery to a normal 
position following myringotomy and VT insertion 
(Fig. 2B) is always uncertain. The MH may not 
return to a normal position following resolution of 
OME because of 1) loss of the collagenous middle 
third of the membrana tensa, 2) middle ear adhe- 
sions and, I surmise, 3) changes to the ossicular 
ligaments and 4) changes in the TTM and ter-don. 


DISCUSSION 


The TTM adjusts the drum to varying air capaci- 
_ ty of the middle ear cleft. Contraction of the TTM 
expelling excess air occurs in the normal ear." 
Bluestone et al‘? suggest a TTM pumping action to 
adjust middle ear pressure. Loud noise trauma and 
inflammation of the middle ear cleft cause tonic 
TTM contraction which disrupts pressure adjust- 
ments. Persisting MH retraction suggests a protec- 
tive middle ear reflex. The reflex involves TTM 


tonic contraction, probably aided by elastic fibers 
in its attachment to the semicanal and the intramus- 
cular tendons. This tonic contraction may spread to 
similar muscle fibers in the TPM restricting its tubal 
activity. 


The politzerization and Valsalva maneuvers do 
not cause a retracted MH to move when air entry 
occurs. The membrana tensa movement may give 
an illusion of handle movement. These maneuvers 
cause a slight movement of the MH in a normal 
drum. “Ex vacuo” theory assumes MH retraction is 
passive. Retraction or bulging of the membrana 
tensa occurs in OM and OME but MH is retracted. 
Pneumatic otoscopy and impedance audiometry 
assesses the damaged or intact membrana tensa. 
Probing assesses the MH and tensor tympani protec- 


tive reflex. Jerger’’ observed that impedance 


audiometry is not accurate in predicting fluid in the 
mesotympanum. Studies’*’® assessing impedance 
and myringotomy confirm this finding. Orchik et 
al'® suggest another screening technique is neces- 
sary. MH probing is suggested because it is comple- 
mentary to impedance audiometry and when the 
two are combined gave a prediction accuracy of 
97% . Wullstein’’ describes OME loculation but not 
the clinical signs. This important condition is easily 
missed if malleus probing is omitted. Restricted ac- 
cess to the attic via Prussak space and early rejection 
of VTs are problems, but the procedure is worth 
performing. Section of the TTM tendon to treat 
BAT obstruction remains to be evaluated. Locu- 
lated effusion in the attic is identified by MH prob- 
ing. The procedure may reduce the incidence of this 
sinister condition and also the number of “dry hole” 
myringotomies. 


REFERENCES 


l. Rosen S, Bergman M. Mobilization of the stapes for oto- 
sclerotic deafness. Arch Otolaryngol 1955; 61:197-206- 


2, Lupin AJ. The relationship of the tensor tympari and ten- 
sor palati muscles. Ann Otol Rhinol Laryngol 1969; 75:792-6. 


3. Pye A, Hinchcliffe R. Comparative anatomy cf the ear. 
Scientific foundations of otolaryngology. Chicago: Year Book 
Medical, 1976; 194-5. 


4. Miller ME, Christensen GC, Evans HE. Anatamy of the 
dog. Philadelphia: WB Saunders, 1968. 


5. Candiollo L. The control mechanism of the middle ear 
transmission system: the middle ear muscles. Beltone Irstitute for 
Hearing Research, Chicago, 1967; 20:14-41. 


6. Russolo M, Semerara A. Value of the isolated tensor tym- 
pani muscle reflex elicited by electrical lingual stcmulation. 
Audiology 1977; 16:373-9. 


7. Sadé J. Secretory otitis media and its sequelae. Mew York: 
Churchill Livingstone, 1979: 246. 


8. Holborow C. Eustachian tubal function: changes tarough- 
out childhood and neuromuscular control. J Laryngol Otol 1975; 
89:47-55. 


9. Duncan RB. The bony auditory tube and otitis media with 
effusion. Ann Otol Rhinol Laryngol, 1982 (in press). 


10. Sadé J. Secretory otitis media and its sequelae. New York: 
Churchill Livingstone, 1979:262. 


11. Ingelstedt S. Physiology of the eustachian tube. Ann Otol 
Rhinol Laryngol 1976; 85 Suppl 25:156-60. 


12. Bluestone C, Berry Q, Scott Andrus W. Mechanics of the 
eustachian tube as it Influences susceptibility to and persistence of 
middle ear effusions in children. Ann Otol Rhinol Laryngol 1974; 
83 Suppl 11:33. 


13. Jerger J. Clinical experiences with impedance audiometry. 
Arch Otolaryngol 1970; 82:311-24. 


14. Haughton P. Validity of tympanometry for middle ear ef- 
fusions. Arch Otolaryngol 1977; 103:505-13. 


15. Grimoldi S. Value of impedance. J Laryngol Otol 1976; 
90:141-52. 


16. Orchik D, Dunn J, McNutt L. Tympanometry as a predic- 
tor of middle ear effusion. Arch Otolaryngol 1978; 104:4-6. 


17. Wullstein SR. Histopathological alterations of the mucosal 
folds in chronic otitis media. Acta Otolaryngol (Stockh) 1976; 
81:197-9. 


g> 


Compare the delivery systems of todays intranasal products. 


Qur VS. Their 


mist — blast 





a [Freon-propelled] pressurized 
aerosol almost ‘hit the mucosa 


9 99! 





wl he unique Nasalide* (flunisolide) 
‘Jelivery system eliminates many of 
she problems associated with other, 
zurrently available agents. Unlike the 
“reon-propelled intranasal products, 
~Nasalide will not dry the nasal mucosal 
membrane. Its comfortable therapy 
Or your rhinitis patients. 











Non-Freon delivery. 


The Nasalide hand-activated pump is Freon-free, which eliminates 
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In a series of rigorously controlled trials with 163 children, Nasalide was 
found to effectively control the symptoms of seasonal and perennial 
rhinitis and was well tolerated. 
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EFFECTIVENESS OF MIDDLE EAR ELECTRICAL STIMULATION 
FOR ACTIVATING CENTRAL AUDITORY PATHWAYS 


BEN M. CLOPTON, PhD 


MARTHA M. BOSMA, BSc 


SEATTLE, WASHINGTON 


Electrical stimulation of afferent auditory elements through electrodes placed in the middle ear was investigated in acute guinea pig 
preparations. Thresholds for auditory activation were current-dependent for low frequencies (< 1 kHz) and charge-dependent at higher 
frequencies. Threshold currents were 3-5 times those for intracochlear stimulation. Mechanisms of activation were examined with removal 
of cochlear fluids and injection of neomycin, Xylocaine, saline, and artificial perilymph with different calcium concentrations. Neurons of 


the spiral ganglion are indicated as mediators of this stimulation. 


Intense interest in the amelioration of profound 
hearing loss has led to both clinical and experimen- 
tal investigation of alternatives for electrically acti- 
vating surviving peripheral elements. Most im- 
planted electrode arrays in human patients have 
consisted of one or more electrodes introduced into 
the scala tympani through the round window.'” 
Variations include placements through the lateral 
wall of the cochlea and in the eighth nerve at the 
modiolus.*°® All of these approaches compromise 
the integrity of the cochlea, thereby threatening the 
survival of remaining hair cells and spiral ganglion 
neurons as well as increasing the possibility of post- 
operative complications. Invasion of the cochlea 
may also be detrimental to the later use of improved 
implantation techniques and devices for a patient. 


There is no consensus, at present, about the greater 
utility of multichannel as opposed to single-channel 
implant devices. While it can be assumed to be ad- 
vantageous to stimulate selectively separate fiber 
groups near the round window of the afferent 
neural array, there is a clear indication that few ex- 
citable elements will survive in the basal turn of 
many candidates for cochlear prostheses.’-'° Unpre- 
dictable survival of these elements would prevent 
the reliable activation of independent channels 
with a prosthesis inserted into the scala tympani. In 
addition, the dynamic range for restricted stimula- 
tion is small due to current spread," so it is likely 
that relatively massive stimulation of remaining af- 
ferent fibers occurs in many cases. Single-channel, 
middle ear implants are thus attractive in light of 
current limits on the efficacy and possible long-term 
side effects of intracochlear, multichannel stimula- 
tion. 


It has in fact been argued, primarily by in- 
vestigators in England,'''? that activation of 
cochlear elements by electrodes placed in the mid- 
dle ear has significant advantages at the present 


time over implants that invade the cochlea. Some 
patients have been implanted with electrodes near 
the round window with promising results.'? The 
current paper reports investigations with guinea 
pigs where systematic variation in the placement of 
electrodes in the middle ear and other experimental 
manipulations were used to better define this aven- 
ue of auditory stimulation. The manipulations in- 
cluded monopolar versus bipolar square-wave stim- 
ulation, change in the frequency of sinusoidal stim- 
ulating waveforms, removal and replacement of 
cochlear fluids, and the introduction of an ototoxic 
agent end a local anesthetic. The aim was to pro- 
vide an initial survey of the middle ear stimulation 
technique in order to increase understanding of this 
form oi stimulation. 


METHODS 


Experimental Animals and Surgical Procedures. One dozen 
pigmented guinea pigs ranging in weight from 250-350 g were 
used for hese experiments. A presurgical dose of atropine sulfate 
(0.8 mg/kg) was given IP, and surgical anesthesia was accomp- 
lished with IM injections of ketamine hydrochloride (Vetelar, 100 
mg/kg) and xylazine hydrochloride (Rompun, 20 mg/kg). 
Anesthesia was maintained with a 4:1 mixture of Vetelar (100 
mg/ml) snd Rompun (20 mg/ml) administered IM. The head was 
stabilizee by attaching a small bolt to the rostral skull with dental 
acrylic aad stainless steel screws threaded into the bone. A small 
silver-wire electrode was placed on the brachium of the inferior 
colliculus contralateral to the experimental ear for recording elec- 
trically evoked responses at the collicular level. A reference silver 
electrode was placed in brain tissue rostral to the collicular site. 
The bulla surrounding the middle ear was opened and the middle 
ear cavity widely exposed. 


Electrede Placements. Both bipolar and monopolar stimulation 
techniques were used. Monopolar stimulation was between an 
electrode on the cochlea and a hemostat on a neck muscle. 
Stimulatmg electrodes were made of platinum-iridium wire 
coated with Teflon. The wire was 0.127 mm in diameter with one 
end flamed to produce a small ball about 0.5 mm in diameter, the 
Teflon irsulation extending to the ball. The electrodes were held 
by micremanipulators for positioning with the aid of a Wild 
operating microscope. The electrodes were positioned at various 
points or the medial surface of the middle ear, each placement 
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being photographed with a Wild camera attached to the operat- 
ing microscope. Projection of the photographic transparencies 
later provided documentation of the exact placement of the elec- 
trodes to supplement descriptions recorded during the experi- 
ment. 


Stimulation Parameters. All stimulation waveforms were of 
constant current generated by a stimulator producing | pA of out- 
put current for 1 mV of input voltage. Both single-cycle 
sinusoidal and monophasic square pulses of variable duration and 
polarity were employed as stimulating waveforms. The presenta- 
: tion rate was 10/s. These transient stimuli allowed the recording 
of evoked potentials on the brachium after the end of the associ- 
ated artifact. The use of single cycles of a sinusoid permitted 
neural thresholds to be related to the frequency of simulation. 
Polarity reversals were used to investigate differential sensitivities 
to direction of current flow. The sinusoidal stimuli covered up to 
six octaves from 250 Hz to 16 kHz in octave steps, and the dura- 
tion of square waves ranged from 25 to 1600 us through doubling, 
a 200 us duration being used in most cases. Care was taken to keep 
DC baseline stimulation levels to a minimum, usually less than 1 
pA. Current through the electrodes was monitored as voltage 
across a l kQ resistor in series with the output of the stimulator 
with a high-impedance oscilloscope. 


Cochlear Manipulations. Cochlear manipulations included the 
removal of fluids in the scala tympani and scala vestibuli by gen- 
tle suction at the round window after opening the oval window, 
the introduction of neomycin sulfate to destroy hair eds, the ad- 
dition of a 2% Xylocaine solution to inactivate neural elements, 
and the manipulation of the concentration of calcium in artificial 
perilymph used to replace the perilymph that was removed. A 
saturated solution of neomycin sulfate was introduced into the 
cochlea by injection of 0.1 cc through the round window or by 
perfusion of 0.5 cc through aspiration at the round window of 
fluid introduced at the oval window. The neomycin was left in 
the cochlea at least 30 minutes before stimulation. Lidocaine 
(Xylocaine hydrochloride, 2% solution) was perfused through the 
cochlea and left for 15 to 20 minutes before testing. Physiological 
saline or artificial perilymph'* was sometimes introduced into a 
cochlea after perilymph had been aspirated from the scalae as a 
control procedure for fluid replacement. The conceatration of 
calcium in the artificial perilymph varied from none present to 
twice normal, normal being 1.3 mM. In addition to estimating 
thresholds to the stimulation of the middle ear surfaces after these 
various manipulations, some cochleas were opened with a Kerr 
drill so as to expose the turns of the cochlea and allow stimulation 
of the spiral lamina or, with further exposure, the eighth nerve in 
the modiolus. 


Evoked-Potential Thresholds. The evoked tract potential at the 
brachium of the inferior colliculus is a sensitive indicator of ac- 
tivation at the contralateral ear. It has the advantage øf having 2 
to 4 times the amplitude of brainstem potential recorded from the 
vertex with a less complex, usually triphasic waveform. This 
potential was averaged with a dwell time of 40 ys for 10.24 ms 
after a stimulus onset with a Nicolet Med-80 computer. Thresh- 
olds were estimated manually by adjusting the amplitude of the 
electrical stimulation using a Hewlett-Packard 350D attenuator 
and determining the intensity at which the evoked potential was 
just detectable against the background noise on the cathode-ray 
computer display. Because of the high signal-to-noise ratio and 
very rapid rise in response magnitude with stimulus intensity, this 
determination could usually be independently replicated to 
within + 2 dB. It was found that threshold estimates were stable 
for averages of 50 or more stimulus presentations, so an 
automated, repeating sequence of 50 response averages provided 
a basis for manually adjusting stimulus intensity to threshold. 


RESULTS 


Waveforms. The thresholds of evoked potentials 
had a predictable relationship to the frequency of 
single-cycle sinusoids. Bipolar stimulation between 
the apex and base of a normal cochlea was charac- 
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Fig. 1. Relationship of electrical threshold for neural ac- 
tivation to the frequency of a single-cycle sinusoid. Neural 
activation was measured as a tract response at the 
brachium of the inferior colliculus contralateral to the ear 
stimulated. Stimulation was between 2 electrodes, 1 at the 
apex and | just caudal to the round window. The results 
from five normal cochleas are shown to illustrate the 
variability in thresholds encountered between animals. 
Electrical artifact prevented collection of data at 250 Hz 
for two preparations. RMS - Root-mean-square. 


terized by an increase in threshold intensity with 
frequency (Fig. 1). This growth was 3-4 dB/octave 
for frequencies between 250 and 2,000 Hz and 4.5-7 
dB/octave for frequencies from 2,000 to 16,000 Hz. 
A slope of 6 dB/octave would conform to threshold 
mechanisms responding proportionately to the 
amount of charge delivered. The departure from 
this slope at frequencies below 2,000 Hz was appar- 
ent in all normal cochleas. The artifact produced by 
electrical stimulation sometimes precluded the col- 
lection of data at frequencies below 500 Hz, 250 Hz 
being the lowest frequency practical for data collec- 
tion. 


The relationship of threshold to the duration of 
monopolar square pulses agreed with the sinusoidal 
results. For pulses with durations from 25 to 200 ps, 
the threshold decreased by approximately 4.8 dB 
for each doubling (Fig. 2). For durations in excess of 
200 ys up to 1,600 us, the threshold dropped by ap- 
proximately 2.3 dB for each doubling. Because of 
the especially rich frequency content of monopolar 
square pulses, it is impractical to speak of a major 
frequency component but a doubling of duration 
shifts all components upward by one octave for 
every halving of the duration. 


Figure 3 illustrates the relationships between the 
charge per pulse required for threshold and the fre- 
quency of a sinusoid or duration of a pulse. Long- 
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Fig. 2. Threshold for electrical activation versus dura- 
tion of a monophasic pulse delivered through bipolar, 
base-apex electrodes. Little difference was seen in this 
preparation for the thresholds of neural activation between 
the two directions of current passage. These results are in 
agreement with those for single-cycle sinusoids. RW 
- Round window. Current direction: O - Apex to RW, @ 

- RW to apex. 
duration pulses and low-frequency sinusoids have 
lower thresholds relative to the rate at which charge 
is passed through an electrode (current). High-fre- 
quency sinusoids and short-duration pulses clearly 
tend to be more efficient in evoking a response rela- 
tive to the amount of charge delivered in a single 
pulse. In short, the stimulation process shifts from 
charge dependence toward current dependence as 
the frequency of sinusoids decreases below 1 kHz or 
the duration of monopolar square pulses exceeds 


200 ps. 


Extracochlear Electrode Position. Electrode 
placement on the outer surface of the cochlea and 
surrounding middle ear loci accounted for varia- 
tions in threshold of up to 20 dB and more. The 
polarity of monophasic pulses delivered to mono- 
polar electrodes also had significant effects for some 
preparations. Although many electrode placements 
were not characterized by polarity effects on 
threshold, 3 dB changes in threshold were common 
with polarity reversals and some sites showed 
polarity effects of 8 to 10 dB. Anodal monophasic 
pulses were usually more effective than cathodal 
pulses over most of the surface of the cochlea (Fig. 
4). While some individual variability was seen, 
minimum thresholds were associated with the sec- 
ond and third turns of the cochlea. A focus of lowest 
thresholds was invariably seen near the center of 
these turns or near the apex. Foci of low thresholds 
were also common on the surface of the first turn or 
near the round window. Monopolar maps (Fig. 4) 
were used as initial guides for the placement of 
bipolar electrodes. Differences in threshold be- 
tween the monopolar stimulation to a distant refer- 
ence and bipolar stimulation for two electrodes on 
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Fig. 3. Relationship between the charge transferred per 
pulse required for neural activation and the frequency or 
duration of a stimulus. A) The range of thresholds for nor- 
mal cochleas to single-cycle sinusoids shown as shaded. 
The lower line indicates the averaged reduced thresholds 
for three cochleas after the renal of perilymph. B) The 
relationship of threshold, expressed as charge per pulse, to 
the duration of a square-wave stimulus is similar to that 
seen for single-cycle sinusoids. While duration cannot be 
strictly related to frequency because of the rich frequency 
content of the monophasic pulses, the similarity in the rela- 
tionships suggests a common mechanism that is primarily 
denemeni on the amount of charge delivered at higher fre- 
rei with a decrease in effectiveness for this charge 

elivery or utilization at lower frequencies resulting in a 
current-dependent relationship. 


the surface of the cochlea were often in excess of 5 
dB. Figure 5 illustrates thresholds for various bipo- 
lar placements. Exploration with bipolar pairs on a 
number of animals revealed that a highly effective 
placement of bipolar electrodes was between the 
apex ef the cochlea and a point just caudal to the 
round window at the vestibule. This base-apex bi- 
polar placement was used in many preparations for 


— 288 CLOPTON & BOSMA 





Fig. 4. Threshold contour maps for A) anodal and B) ca- 
thodal monophasic, monopolar square pulses of 200 ps dur- 
ation. Thresholds are in peak nA. At most loci, enodal 
stimuli were more effective, but caudal to the round win- 
dow and at sites off the outer surface of the cochlea points 
were often most effectively stimulated by cathodal pulses. 
R - Rostral; D - Dorsal; V - Ventral; C - Caudal. 


the investigation of the effects of cochlear manipu- 
lations. Thresholds to low-frequency, sinusoidal 
stimuli at 250 or 500 Hz were commonly in the 
range of 10 to 30 pA root-mean-square (RMS) for 
the normal cochlea with this electrode arrangement 
(Fig. 1). 


Cochlear Manipulations. The removal of peri- 
lymph by aspiration through the round window 
after removal of the oval window had a profound 
effect on the threshold for electrical stimulation. At 
low frequencies of stimulation, thresholds cropped 
10 to 15 dB relative to those for the normal cochlea. 
At 250 Hz, thresholds of less than 5 pA RMS were 
commonly seen under this condition corresponding 
to a charge per pulse of 0.02 „C or less (Fig. 3A). 
The effect was of lesser magnitude at higher fre- 
quencies, when expressed as current, resulting in an 
increase in the slope of the frequency response func- 
tion after the perilymph was removed (Figs. 6 and 


— 


Fig. 5. Thresholds in „A for some placements of bipolar 
electrodes in one animal. The stimulus was a 200 us square 
pulse of the optimal polarity. The threshold for the most 
distant pair for single-cycle sinusoids was 10 pA at 4 kHz, 
and 2 „A at 500 Hz. R, D, V, C - as in Fig. 4. 


7). Replacement of the perilymph with physiologic 
saline did not restore thresholds to the normal 
range. After removal of perilymph, replacement by 
physiologic saline resulted in only a few decibels of 
threshold rise at low frequencies with an increasing- 
ly greater effect at higher frequencies. 


The replacement of perilymph with an artificial 
perilymph having no calcium elevated thresholds to 
within 4 dB of normal, and the addition of calcium 
to approximately normal concentration reproduced 
essentially normal thresholds. If the calcium con- 
centration was twice normal, thresholds up to 5 dB 
above normal were obtained at some frequencies. 
These results implicate the ionic environment pro- 
vided by the perilymph as influencing activation of 
afferent auditory pathways by electrical stimula- 
tion. 


The introduction of neomycin sulfate into the 
perilymph or the perfusion of the perilymphatic 
spaces with a neomycin sulfate solution led to a dis- 
appearance of cochlear microphonics evoked by 
sound stimuli within a few minutes, but slightly 
lower thresholds to electrical stimuli were obtained. 
Various sequences of introducing neomycin into the 
perilymph, perfusing neomycin through the peri- 
lymph spaces, and removal of perilymphatic fluids 
before and after these procedures did not change 
the relative effects. An ear filled with perilymph 
and treated with neomycin had thresholds near but 
slightly below normal, and an ear with the perilym- 
phatic fluid removed had lower thresholds than an 
ear without the perilymphatic fluid removed re- 
gardless of whether it had been treated with neo- 
mycin. 


The local anesthetic Xylocaine produced a rise in 
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Fig. 6. Thresholds versus frequency of single-cycie sinus- 
oids under various conditions of cochlear manipulation in 
one animal. Removal of perilymph decreased thresholds at 
lower frequencies by up to 14 dB. Replacement of the peri- 
lymph with physiological saline did not restore thresholds 
to their original higher levels. The introduction ef Xylo- 
caine into the perilymphatic space elevated thresholds to 
approximately 8 dB above normal after 30 minutes, and 
the removal of the Xylocaine solution in the perilymphatic 
space reduced thresholds to near normal within H min- 
utes. 


thresholas relative to control thresholds that in- 
creased with time. An immediate rise of 5 to 10 dB 
was seen which did not increase further for approx- 
imately 30 minutes. After that, a rise to very high 
thresholds was seen over the next two hours if the 
Xylocaine solution was left in the perilymphatic 
spaces. Removal of the Xylocaine solution resulted 
in a drop in threshold (Fig. 6). This effect was im- 
mediate and probably corresponded to the drop as- 
sociated with removal of perilymph without intro- 
duction of Xylocaine. 


Extracochlear Versus Intracochlear Stimulation. 
For three animals, the external wall of the cochlea 
was removed with a fine Kerr burr and the spiral 
lamina exposed. Thresholds for direct stimulation 
of the spiral lamina at a number of sites were 10 to 
14 dB lower relative to stimulation of the outside of 
the normal cochlea near that point on the spiral 
lamina. The effect of entering the cochlea and di- 
rectly stimulating the spiral lamina corresponded 
closely to that resulting from removal of the peri- 
lymph. Exposure and direct stimulation of the 
eighth nerve did not produce lower thresholds than 
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Fig. 7. Electrical thresholds versus frequency of single- 
cycłe sinusoids under conditions of cochlear mani ulation 
in ene animal. The introduction of neomycin sulfate into 
the-perilymph reduced thresholds to a few dB below nor- 
mal, and the removal of perilymph further lowered thresh- 
olds in agreement with the results seen in Fig. 6. Thirt 
minutes after the introduction of Xylocaine, threshol 
were elevated up to 10 dB above the thresholds for the 
originally normal cochlea. One and a half hours after the 
introduction of Xylocaine, thresholds were 13 dB above 
normal and difficult to obtain at many frequencies. 


were seen for direct stimulation of the spiral lamina 
or for stimulation of the entire cochlea with peri- 
lymph removed. The relationship of threshold to 
frequency of the stimulating waveform with intern- 
al stimulation was directly comparable to that for 
external stimulation with the perilymph removed. 


DISCUSSION 


Electrical stimulation of the middle ear in the 
guinea pig activates afferent auditory pathways 
somewhat less efficiently than direct stimulation of 
the spiral lamina or the eighth nerve. The loss of ef- 
ficiency is not great, however, the required increase 
in current being 3 to 5 times that for stimulation in- 
side the cochlea. The absolute threshold values re- 
main well within theoretical limits for nongassing 
of the platinum electrodes in this experiment,’* so 
tissue damage is unlikely at near-threshold currents 
for the frequencies used. 


Electrical activation of the cochlea by means of 
middle ear stimulation is probably mediated by the 
depolarization of ganglion cells within the spiral 
lamina. This interpretation is suggested by four ob- 
servations in this experiment. First, removal of peri- 
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"| lymph fromthe cochlea significantly reduced the 
“threshold for electrical activation. The perilymph 


appears to provide alternate current pathways that 

‘usually reduce the effectiveness of extracochlear 
stimulation. This--observation: suggests taat the 
neural elements activated are. within the eochlea, 
ie, the hair cells or‘the spiral ganglion cells. The sec- 
ond observation was. that neomycin doés-not elevate 
the threshold for such stimulation, indeed it slightly 
reduces it, indicating that structures on the basilar 
membrane are not necessary for the mediation of 
the response to electrical stimulation. The relatively 
rapid effects of introducing a local anesthetic into 
` the cochlea after neomycin destruction of basilar 
membrane structures is the third piece of evidence 
that implicates the spiral ganglion cells or their pro- 
cesses which lie near enough to be affectec rather 
immediately by this local anesthetic. Four-h, and 
finally, similar reasoning applies in explaining these 
effects of manipulation of the calcium content of ar- 
tificial perilymph on thresholds. None af these 
observations point to the mediation of this r2sponse 
by distant neural elements such as those in the 
cochlear nucleus. Previous studies are in agreement 
with this conclusion.'® In spite of the imp_ication 
that spiral ganglion cells mediate electrical activa- 
tion in this case, it cannot be concluded tkat hair 
cells and dendrites of spiral ganglion cells on the 
basilar membrane do not contribute to the response 
when they are intact. It is only possible to say that 
they are not essential for the mediation of electrical 
activation. 


Depolarization of neural membranes appears to 
be the basis for electrical activation of the deafened 
cochlea. Based on previous theoretical corsidera- 
tions and empirical evidence, some of the major re- 
sults of this experiment can be explained in terms of 
membrane properties. Hill et al” and, more recent- 
ly, Guttman and Hachmeister’* have described the 
frequency-dependent characteristics of axors. The 
responses of squid and frog axons are very similar to 
those observed in the present experimen:. The 
threshold for electrical stimulation varies as a func- 
tion of frequency, and the ionic environment of the 
nerve membrane, especially the concentration of 
external calcium, affects the electrical threshold. 
Electrical activation of the cochlea, as with the 
nonmammalian axons, is apparently mediated 
through mechanisms that.are charge-dependent at 
higher frequencies and current-dependent at lower 
frequencies. Sinusoidal stimuli below 1 kHz and 
square pulses with durations of more than 290-400 
us become increasingly less charge-efficient in ac- 
tivating afferent impulses. Based on the work with 
squid and frog axons it can be expected that lower 
frequencies of cochlear stimulation would pzoduce 
a threshold minimum at 50-200 Hz with a rise as 
DC stimulation was approached. +° 


The presence of perilymph in the scala vestibuli 
and scala tympani appears to influence electrical 


activation of the cochlea in two ways. As mentioned 
previously, the perilymph provides alternate cur- 
rent pathways that reduce the effectiveness of extra- 
cochlear stimulation. This conclusion is indicated 
by the significant drop in threshold when the peri- 
lymph is removed, and the partial restoration of 
normal thresholds when saline is reintroduced. Sec- 
ondly, the perilymph provides a biochemical envir- 
onment that influences the process of electrical 
stimulation. Replacement of the perilymph with 
saline is not associated with normal thresholds to 
electrical stimulation. Artificial perilymph with a 
normal concentration of calcium must be present.’ 
Neomycin introduced into the cochlea causes a 
slight decrease in thresholds that is probably asso- 
ciated with its well known destructive effects on 
structures of the basilar membrane.*° Neomycin in- 
troduced directly into the cochlea of monkeys de- 
stroys structures on the organ of Corti (Sutton D, et 
al, unpublished observations). Spontaneous activity 
normally associated with an intact hair cell system 
may partially mask electrically introduced activa- 
tion. Destruction of elements on the basilar mem- 
brane would eliminate this activity and result in a 
reduction of the threshold to electrical stimulation. 
This experimental observation agrees with the clini- 
cal finding that patients with probable loss of hair 
cell function are much more likely to respond to 
electrical stimulation of the middle ear in compari- 
son to patients with normal hair cell function.”* 


A number of implications arise from these obser- 
vations for the application of middle ear stimula- 
tion in the deaf. The first is that stimulation outside 
the cochlea, if appropriately done, can be a rela- 
tively effective way to stimulate fibers of the eighth 
nerve. While polarity effects are possible, the use of 
biphasic, symmetrical waveforms will largely ob- 
viate their consideration. A more important factor 
is the effect of charge balance and maximum charge 
density at the electrodes, which are likely to be ma- 
jor parameters in the determination of tissue dam- 
age and the electrode destruction. The charge den- 
sity for the limit of gassing for platinum electrodes is 
least at low frequencies, an argument against the 
use of longer duration pulses. Other factors not in- 
vestigated here include the effective dynamic range 
over which suprathreshold stimuli can be intro- 
duced before discomfort is encountered. Middle ear 
stimulation has been reported’!? to be associated 
with low pain thresholds and consequent small dy- 
namic ranges in some human patients. 


Electrical stimulation of the surface of the coch- 
lea in the middle ear does provide activation of a 
cochlea where structures on the basilar membrane 
can be assumed to be inoperative. The threshold for 
activation is not elevated after basilar membrane 
elements are destroyed. It is thus likely that neurons 
of the spiral ganglion or their associated processes 
are easily stimulated by electrical currents intro- 
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duced from outside the cochlea. The experimental 
evidence of this investigation supports the explora- 


tion of middle ear stimulation as an avenue for ac 
tivation of eighth nerve fibers. 
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Stabilization, reconstruction, and rehabilitation ef certain mandib 


ular fractures or continuity defects may be facilitated by external 


skeletal fixation. The utilization of a convenient and nexpensive monophasic extraskeletal fixation appliance in select instances of man- 
dibular trauma or head and neck surgery is describec herein and illustrated with case reports. 


INTRODUCTION 


Mandibular continuity is generally essential to 
optimal masticatory function.' Loss of an intact 
lower arch, especially in the body or symphysis due 
to severe trauma or elective resection, com >romises 
mastication and/or facial esthetics. There ‘ore, the 
primary goal in the management of individuals 
with a comminuted mandibular fracture or a surgi- 
cally-induced continuity defect is to secure the 
proximal and distal segments of the mandible in 
their proper positions. Anatomical stabilization of 
this arch preserves normal facial esthetics and oc- 
clusion while osseous repair occurs followmg frac- 
tures, or until secondary reconstruction w th bone 
grafting is completed, or until mature fibrosis of the 
defect ensues and physical rehabilitction is 
achieved.? 


Stabilization of the mandible is most often ac- 
complished by the application of arch bars and wir- 
ing the teeth into proper occlusion. However, when 
prolonged intermaxillary fixation is necessary, sub- 
sequent shortening of the muscles of mastication 
further compromises the postoperative rehabilita- 
tion. The requirement of prolonged mandib alar im- 
mobilization is an indication for some method of ex- 
traskeletal pin fixation. The combination of arch 
bars and intermittent elastic therapy with a rigid 
extraskeletal fixation appliance permits functional 
rehabilitation of the masticatory muscles, preserves 
the normal occlusal relationship, and provides con- 
tinuity to the mandible where a portion is com- 
minuted or included in an ablative proced ire. Al- 
though preservation of occlusal relations is not a sig- 
nificant consideration in edentulous patients, insur- 
ing masticatory function and providing continuity 
to the mandible is important. Functional rehabili- 
tation is particularly difficult when the mandible 
and muscles of mastication are included in the ra- 
diotherapy field. 


Several methods of rigid internal or external skel- 
etal fixation have been reported. Placement of 
stainless steel Steinman pins or Kirschner wires be- 
tween the proximal and distal segments of the eden- 
tulous mandible have often proven effective if the 
area is not irradiated.*® In 1942, Converse and 
Waknitz employed a Roger Anderson appliance for 
external skeletal fixation of the mandible,” Shortly 
thereafter, Morris developed a similar biphasic ap- 
pliance specifically for mandibular and maxillofa- 
cial injuries.” Recently, a more convenient and less 
expensive monophasic appliance has been devel- 
oped for stabilization of the mandible and is the 
topic of this report.'° 


METHODS 


Application of a monophasic extraskeletal fixation appliance to 
the mandible follows closure of the surgical wound in the head 
and neck oncology patient. When dentition is to be preserved and 
a bone graft or osseomyocutaneous flap used, maxillary and man- 
dibular arch bars should be applied before or at the time of sur- 
gery. The edentulous patient, or one in whom no reconstruction 
of the mandibular continguity is planned, requires only the mon- 
phasic appliance. In the fracture patient, initial application of 
arch bars insures proper occlusal and anatomical relationships. 


Placement of the appliance begins with a small percutaneous 
puncture over the mandibular segments in the selected areas of 
pin placement. The pins should be spaced 2.5 cm apart and 2.5 
cm from the mandibular defect between the inferior border and 
the inferior alveolar canal. Threaded Steinman pins (Houmet 
Corp.) 2.8 to 4.0 mm in diameter are inserted through the soft 
tissues and the outer and inner cortices of the mandible with a 
manual pin driver (Fig. 1). Palpation of the lingual surface of the 
mandible during pin placement will alert the surgeon when the 
proper depth is attained. Following insertion the stability of each 
pin is assessed manually before it is cut 5 cm from the skin surface. 
This pin length allows for soft tissue edema without necrosis and 
permits easy removal with a pin cutter in the future. Two pins are 
placed in each segment. A large plastic endotracheal tube (Portex 
No. 10 or 11) is trimmed to remove the pilot tube and cuff, and 
cut to extend 2 cm beyond the most distant stainless steel pins. 
The dentulous patients are placed into intermaxillary fixation at 
this time and the mandibular segments are properly oriented by 
palpation or direct inspection (open reduction in fracture cases) in 
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Fig. 1. Placement of monophasic extraskeletal fixation ap- 
pliance in continuity defects. 


both dentate and edentulous patients. The endotracheal tube is 
molded to accommodate all pins and the inner surface is marked 
where they intersect. Holes slightly larger than the pins are cut 
with a No. 15 blade and the tube is placed securely over all of the 
pins. A petroleum-based ointment (Vaseline) is spread over the 
plastic tube, exposed pins, and skin surface. The mandibular 
segments are properly positioned and 25 cc of autopolymerizing 
acrylic (Cranioplast) is mixed and placed into a 50 cc catheter-tip 
syringe. When the acrylic attains a “creamy” state it is imjected in- 
to one end of the endotracheal tube until the material reaches the 
opposite end. The plastic tube is held securely as well as the 
segments of the mandible (via clamps to the pins or manually) un- 
til the “solid” state is reached. However, while the acrylic is in the 
“rubber” state an assistant can peel the excess materia! from the 
lubricated surfaces. When the acrylic has cured (approximately 
10 minutes) the tube can be released and antibacterial ointment 
placed around the pins at the skin surface. 


CASE REPORTS 


Over the past three years 17 patients have undergone mono- 
phasic extraskeletal mandibular fixation following resection or 


fracture of the lower dental arch at the University of Texas Health 
Science Center at Dallas affiliated hospitals. Representative cases 
are presented. 


Case 1. Segmental Resection of Mandibular Body. A 53-year- 
old female presented to Parkland Memorial Hospital with a com- 
plaint of sore throat of several months’ duration. The clinical ex- 
amination revealed a large left tonsillar lesion. Panendoscopy and 
biopsy demonstrated a T3N2Mo poorly differentiated squamous 
cell carcinoma of the left pharyngeal tonsil, soft palate, and 
pharyngeal wall. Metastatic workup was negative. Surgical man- 
agement of the tumor included left radical neck dissection, partial 
glossectomy, partial pharyngectomy, and a 4 cm resection of the 
mandibular body (Fig. 2 A). The surgical wound was closed pri- 
marily and the monophasic appliance was placed to provide sta- 
bility to the mandible (Fig. 2 B). A complete odontectomy was ac- 
complished postoperatively in preparation for tumoricidal radi- 
ation therapy (5,500 rads to the primary and supraclavicular neck 
areas). There were no complications associated with the mono- 
phasic appliance or the radiation. With further postoperative fol- 
low-up limited to four months, a satisfactory cosmetic and func- 
tional result was achieved (Fig. 2 C). 


Case 2. Segmental Resection of Mandibular Symphysis. A 
64-year-old male was referred to the Dallas Veterans Administra- 
tion Hospital for a T3N2Mo squamous cell carcinoma of the floor 
of mouth. Preoperative evaluation, including panendoscopy, was 
otherwise unremarkable. The patient underwent an en bloc resec- 
tion of the primary, including the mandible from midbody to 
midbody, bilateral neck dissection, and a medial-based deltopec- 
toral flap reconstruction. Following closure of the surgical 
wound, a monophasic appliance was applied. At six weeks after 
the initial surgery, 5,500 rads was begun to the primary and to the 
supraclavicular nodes. The appliance was removed at this time. 
Although no attempt was made to reconstruct the mandibular de- 
fect, cosmesis was good due to fixation of the mandibular seg- 
ments which prevented contracture during the initial healing 
phase (Fig. 3). The only adverse effect of the procedure was loss of 
good oral sphincter competence with the mouth open. This pa- 
tient was followed over 30 months until his death from pulmon- 
ary metastasis. Prior to death, there was no evidence of local or 
regional recurrent disease, and no change esthetically or function- 
ally of the lower arch. 


Case 3. Mandibular Fracture with Chronic Osteomyelitis. A 
34-year-old female presented to Parkland Memorial Hospital 
emergency room with an open, complete right mandibular angle 
fracture. She underwent open reduction and internal fixation 
with intermaxillary wiring (Fig. 4). She failed to return until six 
weeks following routine discharge from the hospital. She then had 
an open and draining intraoral wound, a mobile fracture, and ap- 
parent bony sequestra. The infection did not respond to removal 
of the transosseous wire, three weeks of frequent irrigations, inter- 





Fig. 2. (Case 1) A) Surgical defect (arrows). B) Early postoperative with fixation device applied. C) Four months after surgery. 
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maxillary fixation, and systemic antibiotic therapy. A sequestrec- 
tomy was then performed with buccal saucerization via a sub- 
mandibular approach. The segments of the mandible were stabil- 
ized with a monophase appliance while the teeth were in fixation. 
Intermaxillary wires were removed to permit active physiother- 
apy of the masticatory muscles during the prolonged recovery 
period, but elastic bands were employed intermitten ly to pre- 
serve occlusal relations. The skeletal fixation was rem ved eight 
weeks following placement, leaving the patient with adequate 
osseous stability and good mandibular movement. 


Case 4. Comminuted Mandibular Body Fracture. A 22-year- 
old male presented to John Peter Smith Hospital emergency room 
with multiple gunshot wounds to the abdomen, thora» and face. 
Facial injuries consisted of minor soft tissue laceretions and 
severely comminuted fractures of the left mandibular body and 
angle (Fig. 5). However, hypothermia during the init al laparo- 
tomy prevented primary treatment of the open mandibular frac- 
tures. Subsequently, Pseudomonas aeruginosa infect on devel- 
oped in the fracture site despite frequent wound irrigation and 
systemic antibiotic therapy. Six days later his physical status im- 
proved and the young man was returned to the operating room 


Fig. 4. (Case 3) Radiographs demonstrating A) 
malunion in right mandibular angle fracture, 
and B) pin fixation following sequestrectomy. 


Fig. 3. (Case 2) Two years postoperative. A) Arrows - 
site of anterior mandibular resection. B) Despite 
shortening of mandibular projection, patient has 
reasonable profile. 


for treatment of his facial injuries. Excessively mobile teeth were 
removed, the wounds thoroughly irrigated, arch bars applied and 
the right teeth placed into temporary intermaxillary fixation. A 
monophasic appliance was placed because there was excessive 
comminution of the left mandibular body, missing teeth in the 
proximal segment, and a persistent Pseudomonas wound infec- 
tion. Extraskeletal fixation stabilized the left ascending ramus, 
provided continuity to the mandible and permitted release of in- 
termaxillary fixation for frequent oral and wound irrigation. A 
notch was cut in the endotracheal tube to create a right angle 
bend to include all of the pins in the acrylic bar. Thereafter, the 
patient’s clinical course was unremarkable. 


In the entire series of 17 patients, complications have included 
facial hematoma (1), wound infection around a pin (1), and in- 
traoral perforation of the lingual mandibular mucosa (2). None of 
these was a serious problem or altered the patient’s recovery. In 
one patient, a sternocleidomastoid-clavicle-myocutanous flap 
failed, unrelated to the external appliance. The flap, including 
the clavicle, was removed and the oral defect closed with a tongue 
flap. Recovery was uneventful and despite resection of the man- 
dibular body, cosmesis and function were near normal because 
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the appliance was left in place for six weeks postoperatively. 
There have been no facial nerve or salivary gland injuries. 


DISCUSSION 


The monophasic extraskeletal fixation appliance 
is so named because its application involves only 
one phase. There are no connecting rods which 
must be applied, and subsequently removed in the 
second phase or step, as in the biphasic technique.” 
The fabrication of a monophasic device arose from 
the use of flexible plastic conduits filled with a poly- 
mer joining Steinman pins for extraskeletal fixation 
of extremity fractures by orthopedic surgeons. This 
simple and effective method was termed “hot 
links.” The “hot links” principle was adapted for 
the mandible because the component parts are dis- 
posable and commonly available in the operating 
room. The indications for this appliance are numer- 
ous. 


In oncology patients with surgical mandibular 
contiguity defects, extraskeletal fixation permits im- 
mediate postoperative stability of the lower dental 
arch. Early stability is essential to prevent mobility 
of the resected segments and success of a primary 
bone graft.’ In the patient who is not felt to be a 
candidate for immediate reconstruction, the mono- 
phasic appliance fixates the mandibular segments in 
proper anatomic position during the initial healing 
phase (six weeks on the average) with surprisingly 
good long-term functional and esthetic results. Sur- 
gical trauma to the periosteum adjacent to the man- 
dibular defect during placement of the appliance is 
minimal. In fact, our institution has over five years’ 
experience using extraskeletal fixation after man- 
dibular resection in radiotherapy patients, without 
any complications attributed to the appliance. 


The obvious success and simplicity of arch bars 





Fig. 5. (Case 4) A) Radiographs revealing 
grossly comminuted left mandibular body 
and angle fracture. B) Radiograph showing 
fractured mandible stabilized with pin fix- 
ation. 


limit the indications for extraskeletal fixation. How- 
ever, as seen in cases 3 and 4, such management is 
clearly useful in posttraumatic osteomyelitis and 
comminuted mandibular fractures involving the 
angle. The edentulous mandible with an unstable 
fracture that normally requires open reduction, in- 
ternal fixation and intermaxillary splints, may be 
managed by this technique when intermaxillary fix- 
ation is not indicated. Unlike open reduction with 
wiring or compression plates, extraskeletal fixation 
does not strip the periosteum away from the frac- 
ture site. Preservation of periosteum is essential to 
bony union in the atrophic edentulous lower arch 
since this is the site of bone formation in the older 
patient. 


Potential complications associated with the use of 
extrasketletal fixation involve injury to nerves, blood 
vessels, teeth and salivary glands. Damage to the 
facial nerve can be avoided by making the percu- 
taneous stab incisions just through the skin and al- 
lowing the Steinman pin to displace the nerve as it 
rotates through the subcutaneous tissues toward the 





Fig. 6. Facial photograph illustrating right-angle bend of 
fixation device which may be necessary when pins are 
placed in ascending ramus of mandible. 
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mandible. Damage to the inferior alveolar nerve is 
usually transient. Dental trauma resulting from er- 
rant pin placement is usually observed closely dur- 
ing the period of fixation, but not treeted until 
symptoms arise. Salivary fistulas secondary to pin 
placement into a gland are uncommon, but when 
they occur, resolve spontaneously or respond to 
pressure following removal of the pin. 


Secondary infection may arise from intraoral 
communication with a pin, an abscessed tooth, or 
retrograde from the skin surface and cause a pin to 
become loose. Inadequate placement through the 
lingual cortex, insufficient pin size, or necrosis of 
bone surrounding a pin can result in mobility of the 
appliance. When a pin becomes loose during fixa- 
tion, it may be cut free from the acrylic bar and 
replaced or a supplementary pin can be placed, un- 


der local anesthesia, and secured to the bar with 
autopolymerizing acrylic. 

Extraskeletal fixation was employed without 
complications in these four cases to provide pro- 
longed continuity or stability to fractured or par- 
tially resected mandibles. As noted previously, mor- 
bidity for this series of 17 patients has been limited 
to facial hematoma and minor wound infection. 
The monophasic appliance permitted mandibular 
function during the period of myofibrositis induced 
by infection or irradiation and minimized scar con- 
tracture across continuity defects to maintain op- 
timal facial esthetics and occlusal relationships dur- 
ing healing. The monophasic appliance was se- 
lected for use in these cases because the component 
parts are conveniently available, the device is 
quickly applied by experienced surgeons, and the 
cost of the disposable materials is minimal. 
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HAIR-CLIP TYPE PISTON ARTIFICIAL STAPES 
AND THE SAFETY AUGER 


TUNG MIN-SHENG, MID 


ZHENGZHOU, HENAN PROVINCE, PEOPLE'S REPUBLIC OF CHINA 


A hair-clip artificial stapes prosthesis was used in the surgical treatment of otesclerosis in 22 ears. In nine patients followed an average 
of 15 months the air-bone gap stabilized at 6-7 dB. Further advantages of the presthesis design and technique are that they minimize the 


risk of ischemic necrosis and perilymphatic fistula formation. 


Successful surgical treatment of otosclerosis was 
first achieved by Lempert’ in the early 1940s. A 
decade later Rosen? mobilized an ankylosed stapes, 
but Shea? and Shea et al* made probably the first at- 
tack on stapes surgery which gave consistently suc- 
cessful results. Since then, in an effort to evolve sim- 
pler techniques and improved results, many new 
methods have been introduced. Although results are 
improving, particular hazards and difficulties re- 
main. In this paper observations on the following 
problems are presented, along with instruments and 
techniques developed by the author: 

1. Trauma to the inner ear. 

2. Necrosis and securing the prosthesis. 

3. Perilymphatic fistula. 

4. Long-term results. 


INNER EAR TRAUMA 


Otosclerotic thickening of the footplate usually 
occurs at the margin, especially the anterior por- 
tion. The central portion frequently is so thin that it 
looks like a dark blue dimple. In such cases it is 
quite easy to perforate the footplate with a needle. 
Control of the depth of the perforation, however, is 
not so easy, and injury to the membranous laby- 
rinth can result, or a small fragment of bone may 
drop into the labyrinth. In response to these techni- 
cal problems, a prism-shaped pointed auger was 
designed (Fig. 1A). The safety feature is a ring at- 
tached 1.2 mm from the auger tip. The ring is ap- 
proximately 0.3 mm wide; the diameter of the 
auger head ranges from 0.6-0.75 mm. 


The technique is to place the auger point perpen- 
dicular to the center of the footplate, along the pos- 
terior border of the long process of the incus. With 
two fingers holding the auger, the shaft is rotated 
with clockwise and counterclockwise motions. In 
this way a hole can be precisely drilled to receive 
the piston. If the footplate is thick, the arrowhead 
auger (Fig. 1B) is used to thin out the bone to a disc 
shape before drilling with the pointed auger. With 


these instruments a diamond-head electrical burr is 
not necessary. 


SECURING THE PROSTHESIS AND NECROSIS 


Todzy various kinds of artificial piston prostheses 
are available, including those with a circular hook, 
Teflon ring, and half-circle wire. Hooks require 
special forceps for fixing the wire tightly to the long 
process of the incus. The problem with this proce- 
dure is the entailed risk of shutting off the blood 
supply in the mucous membrane covering the incus, 
and thus increasing the possibility of ischemic 
necrosis of the lenticular process. The hair-clip pis- 
ton art ficial stapes (Fig. 2) is different from many 
prostheses in that instead of encircling the long pro- 
cess it clips onto it on two sides, thus avoiding the 
main vessels and lessening the danger of necrosis. 


PERILYMPHATIC FISTULA 


Douek® reported that perilymphatic fistula fol- 
lowing a stapes operation commonly resulted from 


A B 


Fig. 1. Two types of hand augers used in operations for 
the treatment of otosclerosis. a) Prism-shaped pointed 
auget with safety ring. B) Arrowhead auger. 
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Fig. 2. Artificial prosthesis. A) Hair-clip piston artificial 
stapes. B) Hair-clip prosthesis in position. 


-an irregular and/or overly large hole driled in the 
footplate. If the piston is loose, perilymph may leak 
out around it. Or, adhesions may pull the piston to 
one side so that a perilymph fistula forms directly 
from the gap, or a sleeve-like fistula might occur. 
With the safety hand auger a smooth hole can be 
drilled which is just slightly larger than the piston. 
With the hole diameter 0.6-0.75 mm, a piston 0.55 
mm in diameter fits tightly and the risk oZ a fistula 


forming is minimal. 


SURGICAL PROCEDURE 

Local anesthesia (1 ml of 2% Xylocaine) is ad- 
ministered and the middle ear exposed in the usual 
manner. The superstructure is fractured. The safety 
auger is inserted perpendicular to and in the center 
of the footplate with the shaft of the auger just 
along the posterior side of the long process of the in- 
cus. The hole is drilled by hand, as described above. 
Alligator forceps is used to insert the piston into the 
vestibule through the plate hole and then smoothly 
slip the clip onto the long process of the incus. 


LONG-TERM RESULTS 

From 1976 to 1979 operations were performed on 
22 ears (13 males, 5 females) using the technique 
described. In these patients the air-bone gap aver- 
aged 9.4 dB two weeks after the operation. In nine 
cases followed for 6-38 months (average follow-up 
15 months) improvement in the air-bone gap was 
greater (6.8 dB). Subjectively, patients reported 
that their hearing was best one month postopera- 
tively, and remained stable thereafter. 
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BILATERAL MIDDLE EAR CARCINOMAS ASSOCIATED WITH 
WALDENSTROM’S MACROGLOBULINEMIA 


GERALD B. BROOKES, FRCS 


LONDON, ENGLAND 


A case of bilateral middle ear squamous cell careinomas with concurrent Waldenstrém’s macroglobulinemia is described. An in- 
creased incidence of malignant tumors occurring in patients with this potentially fatal, chronic lymphoproliferative disorder is well 
recognized, but the association with an otological tumor has not previously beenaeported. The relationship between the two conditions is 


discussed. 


INTRODUCTION 


Primary neoplasia of the middle ear cleft and 
mastoid bone is a rare condition. The incidence 
compared to the frequency of other aural pathology 
presenting to otologists is about 1 in 4,000 to 1 in 
20,000.16 Squamous cell carcinoma is by far the 
most common malignant tumor in this site, ac- 
counting for 75-90% of all malignancies.*'! Only 
two previous cases of bilateral middle ear car- 
cinomas have been reported.®'? Lederman’s case 
has been included in two subsequent series.*'? Mid- 
dle ear carcinomas associated with a contralateral 
external auditory meatus malignancy have also 
been recorded.'?'* A case is described in which 
following presentation of a second middle ear car- 
cinoma, further investigation led to the diagnosis of 
concurrent Waldenstrém’s macroglobulinemia 
(MG). An increased incidence of malignant tumors 
occurring in patients with this condition is well 
recognized,'*:'® but the association with an otologic 
tumor has not previously been reported. 


CASE REPORT 


A 62-year-old female presented to the London Hospital in 1961 
with a history of bilateral intermittent otorrhea and deafness since 
early childhood. Medical advice was sought following the recent 
onset of right otalgia and positional vertigo. There was no family 
history of neoplasia nor of previous exposure to known car- 
cinogens. On examination active chronic suppurative otitis media 
(CSOM) with granular aural polyps was present in the right ear, 
with quiescent left CSOM. Clinically, facial nerve function was 
intact, and there was no cervical lymphadenopathy. On surgical 
exploration, a polypoid tumor replacing the tympanic membrane 
and filling the mesotympanum with extension into the eustachian 
tube and erosion of the posterior bony meatal wall was found. 
Histologically the tumor was moderately well-differentiated 
squamous cell carcinoma with associated inflammatory changes 
(Fig. 1A), and evidence of carcinoma in situ (Fig. 1B). Following 
an extended radical mastoidectomy, the patient was treated with 
5,500 rads of telecobalt radiotherapy, and complete tumor 
eradication was achieved. She remained well and free of disease 
at 16 years posttreatment. 


In 1980 the patient was referred again with a 6-week history of 
left otalgia, throbbing tinnitus and vertigo. She reported recent 


weight loss and lethargy. Examination now revealed active left 
CSOM with an aural polyp protruding through an anterior mar- 
ginal perforation. First degree spontaneous right nystagmus was 
noted, while facial nerve function was normal. There was no cer- 
vical or generalized lymphadenopathy, nor hepatosplenomegaly. 
At surgery, a vascular tumor was found filling the posterior 
mesotympanum, extending into the aditus and eroding bone of 
the deep posterior meatal wall. A formal radical mastoidectomy 
was carried out. Histologically this tumor was also a moderately 
well-differentiated squamous cell carcinoma, with associated car- 
cinoma in situ features (Fig. 2). The pathological appearance was 
very similar to that of the earlier contralateral tumor. Ten days 
postoperatively the patient developed a transient facial palsy, and 
was once again referred for a course of radical telecobalt radio- 
therapy. In view of the rarity of bilateral middle ear carcinomas 
and the associated systemic symptoms, full medical and immuno- 
logical assessment was undertaken. 


RESULTS 


General Assessment. Hemoglobin 12 g/dl; white 
bloed count 7.2/nl; lymphocyte count 1,280/cu ml; 
platelet count normal; ESR (Westergren) 121 
mm/hr; serum calcium (corrected) 2.52 mmol/l (up- 
per limit of normal); alkaline phosphatase 104 
units/l (upper limit of normal); serum inorganic 
phosphate 0.74 mmol/l; serum albumin and protein 
assays normal. Radiological skeletal survey showed 
mild osteoporosis but no osteolytic lesions. 


Immunological Assessment. Immunoglobin assay 
(normal range in parentheses): IgG 6.37 g/l (7-19); 
IgM 30 g/l (0.45-1.8); IgA 0.45 g/l (0.9-4.5). Im- 
munoelectrophoresis: monoclonal protein of IgM 
kappa specificity. Bence Jones proteinuria: nega- 
tive. Bene marrow examination: no abnormal or ex- 
cess plasma cells; lymphocytes comprise 40% of the 
nucleated cell count. Lymphocyte subpopulation 
counts: normal T-cell count but significantly re- 
duced B-cell count. Lymphocyte transformation 
studies to phytohemagglutinin (PHA), tuberculo- 
protein (PPD) and pokeweed mitogen (PWM) re- 
vealed normal T and B cell responses, and no clear 
evidenee of deficient immunity. 


Diagnosis. Waldenstroém’s MG without sec- 


ondary immunoincompetence. 
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Course. As the patients only symptoms were 
mild anemia, lassitude and slight weight boss, the 
progress of her MG was closely monitored but no 
active treatment was given. Seven months postradi- 
otherapy the left mastoid cavity was stable and 
tumor-free. The IgM level remained raised at 22.5 
g/l, and the ESR significantly elevated Blood 
viscosity values were slightly raised at 2.9 cps (nor- 
mal range 1.3-2 cps), but were too low to cause 
symptoms. It was concluded that the MG was only 
of a slowly progressive nature. 


DISCUSSION 


Macroglobulinemia was first described by Wal- 
denstrém in 1944." It is an uncommon chronic lym- 
phoproliferative disorder involving the B-lympho- 
cyte system,'®’'**° which has a wide spectrum of 
possible presentations. Clinical features may in- 
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Fig. 1. A) Histological section of right middle 
ear tumor showing moderately well-differen- 
tiated squamous cell carcinoma (H & E, seats 
B) Different histological section of right middle 
ear epithelium showing carcinoma in situ 
features (H & E, x200). 


clude weight loss, anemia, lymphadenopathy, bone 
marrow infiltration by pleomorphic lymphoid cells, 
hepatosplenomegaly, peripheral neuropathy and 
central nervous system abnormalities.'°?° All pa- 
tients show an increased production of monoclonal 
gammaglobulin of IgM type. The main differences 
in symptomatology from multiple myeloma are an 
absence of localized bone resorption, pathological 
fractures and renal disease. Classical Bence Jones 
proteinuria is rare. The clinical course may be 
dominated by immunological effects from the ab- 
normal gammaglobulin in the form of autoimmune 
hemolytic anemia, or increased sensitivity to cold. 
More common manifestations are caused by the 
raised high molecular weight plasma protein levels 
which produce a hyperviscosity syndrome in about 
one third of patients, with an increased tendency to 
both thrombosis and hemorrhage.'*?° Secondary 
suppression of the other immunoglobulins may pro- 
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Fig. 2. Histological section of left middle ear tumor 
showing moderately well-differentiated squamous cell car- 
cinoma of similar appearance to contralateral tumor (Fig. 


1). (H & E, x120) 


duce symptoms of immunological deficiency, with a 
decreased resistance to infection.*' Treatment is 
usually by chemotherapy, while plasmapheresis 
therapy is of undoubted value in the management 
of the hyperviscosity syndrome.'ć The natural 
history of the condition is highly variable, and 
about 20% of patients require no specific treatment 
for long periods.”° 


The possibility of a relation between Walden- 
strom’s MG and cancer was discussed as early as 
1953 by Schaub.”? In 1954 Kappeler and his co- 
workers had traced 18 cases with malignant disease 
of 146 with Waldenstrém’s MG in the literature.” 
Hallén found an incidence of 33% in his own series 
of 27 patients who had concurrent or previously di- 
agnosed cancer,'* while Mackenzie and Fudenberg 
reported a 60% tumor incidence in 40 patients.'® 
Many of these tumors were of epithelial origin. 
However, it has proved difficult to delineate the 
precise relationship between the two conditions. 
Figure 3 illustrates possible theoretical mechanisms 
which may account for the association between 
Waldenstroém’s MG and middle ear neoplasia. 


Although a primary malignant disorder of the 
B-cell lymphatic system has long been assumed, the 


cause of MG remains unknown. The evidence for 
the presence of antibody activity in these abnormal 
proteins, which has been reviewed by Ritzman et 
al,** suggests that some forms of MG occur as a 
result of antigenic stimulation. This theory was first 
suggested by Osserman and Takatsuki?> and has 
been documented in patients in response to a wide 
variety of chronic infections.” In a similar manner 
tumor-specific antigens may also stimulate excessive 
immuneglobulin production. Thus Mackenzie and 
Fudenberg have proposed the hypothesis that the 
monoclenal IgM proteins in MG are antibodies to 
either a tumor-specific antigen, or to microorgan- 
isms related to tumor induction, or may be pro- 
duced inappropriately by the tumor itself.'® They 
explored these possible relationships by immuno- 
fluorescent techniques in four patients, but were 
unable to demonstrate either tumor antigens which 
reacted with the specific macroglobulins, or signi- 
ficant tumor IgM production, so that these theories 
remain unsubstantiated. 


It is well recognized that foreign antigens usually 
cause a general increase in immunoglobulin concen- 
trations so that other factors must exist for specific 
IgM to be produced. Several reports describe the 
familial occurrence of MG or asymptomatic IgM 
paraproteinemia in the relatives of patients with the 
disease.*°** The frequency of abnormal immuno- 
globulin assays in these familial studies were sub- 
stantially greater than those found in normal sub- 
jects,'°?” so that there may well be a hereditary 
basis for the uncontrolled synthesis of the abnormal 
paraproteins in this condition. In the present case, 
it is possible that the longstanding chronic middle 
ear suppuration, extending over 40 years, provided 
the antigenic stimulus for macroglobulin formation 
in such a susceptible individual (Fig. 3C). 


The increased tumor incidence in Waldenstrém’s 
MG may result from a secondary immunodeficien- 
cy, caused by suppression of the other immuno- 
globulins following bone marrow infiltration (Fig. 
3A). The increased incidence of tumors in subjects 
whose immune responses are suppressed is well doc- 
umented. Such evidence supports the concept of im- 
munological surveillance against tumor cells, which 
was proposed by Thomas in 1959,” and later de- 
veloped by Burnet.*' Thus immunosuppression pre- 
disposing to malignant transformation may be ar- 
tificially induced by neonatal thymectomy or ad- 
ministration of antilymphocytic serum in experi- 
mental animals.*?-** In addition there is a signifi- 
cantly increased incidence of malignant neoplasms 
in humans with hereditary immunodeficiency syn- 
dromes,*® and in immunosuppressed recipients of 
organ allografts.**** It has been suggested that 
human cancers occur characteristically at the ex- 
tremes of life because the immune system is either 
maturing or is weakened by thymic atrophy.*’ Im- 
munosurveillance breakdown could theoretically 
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Fig. 3. A-C) Possible mechanisms to explai the association between Waldenström’s macroglobulinemia (MG) and mid- 
dle ear neoplasia. ME - Middle ear; CSOM - Chronic suppurative otitis media; | - Facilitates. 


explain the malignant transformation of metaplas- 
tic middle ear epithelium, which has arisen in re- 
sponse to chronic infection. However, the bone 
marrow was not extensively infiltrated in the pres- 
ent case, so that there was no significant associated 
immunological dysfunction. 


A history of active CSOM of many yeers’ dura- 
tion is frequently present in patients wita middle 
ear tumors, and has been incriminated as en impor- 
tant etiological agent.*-''*° Bradley and Maxwell 
first suggested that squamous metaplasia of the co- 
lumnar or cuboidal epithelium of the tympanic 
cavity may result from chronic infection, and pro- 
ceed to malignant transformation.’ Lederman com- 
pared the development of carcinoma of the middle 
ear to the development of epitheliomas ir relation 
to chronic sinuses in bone,* while Lodge e- al drew 
an analogy with Marjolin’s ulcer. Carc noma in 
situ changes have been described in association with 
middle ear carcinomas.'°'’ This histological fea- 
ture, which was present bilaterally in th present 
case, offers support for the theory of tumor induc- 
tion by chronic irritation. However,the paradoxi- 
cally few middle ear neoplasms that are diagnosed, 
compared to the very large number of patients with 
chronically discharging ears, indicates that other 


factors must be involved in tumor pathogenesis. An 
underlying hereditary predisposition may be impor- 
tant in this respect. 


Thus, the primary pathological process of active 
CSOM in a susceptible individual may account both 
for the development of bilateral aural carcinomas 
and concurrent Waldenstrém’s MG due to chronic 
antigenic stimulation of the immune system (Fig. 
3C). 


In conclusion, it is recommended that patients 
with neoplastic or longstanding chronic suppura- 
tive otorhinolaryngological diseases who report Sys- 
temic symptoms warrant full medical and immuno- 
logical investigation. An underlying disorder may 
be diagnosed which could adversely influence the 
effects of primary therapy. In addition, serious 
medical conditions may be identified and evaluated 
at an early and possibly curative stage. In the case 
presented, Waldenström’s MG, a potentially fatal 
lymphoproliferative disorder has been diagnosed in 
association with very rare bilateral middle ear car- 
cinomas. Although not in an aggressive phase, re- 
cognition of the coexistent paraproteinemia will 
enable close long-term surveillance for possible fu- 
ture complications. 
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AUDITORY BRAINSTEM RESPONSE 


Jack D. CLEMIS, MD 


CHICAGO, ILLINOIS 


The purpose of this paper is not to propose that euditory brainstem response (ABR) be utilized for the assessment of conductive losses, 

but to define the-effects of conductive hearing loss an the ABR when such a complication occurs. Conductive losses attenuate cochlear 
- stimulation. Since'wave V latency is inversely relatec to stimulus intensity, the magnitude of the conductive loss should be a predictor of 
__ the wave V latency delay. In this study, ABR wave V latencies from patients with known conductive losses due to canal occlusion, middle 
ear effusion, ossicular fixation and chain interruption were compared with latency values calculated from the magnitude of the loss. In 
those patients with occlusion of the external auditory 2anal and middle ear effusion, the shift of the wave V latency-intensity function cor- 
related well with the air-bone gap. This correlation was poor for patients with ossicular chain disorders. In mixed hearing losses, the in- 
creased wave V latency due to the conductive compcnent may totally mask an increase in latency caused by a retrocochlear component. 


INTRODUCTION 


The purpose of hearing assessment is to determine 
the existence of hearing loss, its characteristics, and 
the magnitude of any loss across frequercy. Such 
determinations are relatively straightforward in the 
adult and older child. With special pedia-ric audi- 
ometric techniques, there is little problem testing 
the cooperative child. But in the newborn, infant, 
mentally-retarded, or uncooperative patient, these 
determinations are considerably more difficult to 
obtain. 


The use of auditory brainstem response (ABR) 
testing in the diagnosis of hearing loss in the latter 
group has gained widespread acceptance in the past 
few years. Auditory brainstem responses, as de- 
scribed by Jewett' and Sohmer and Feinmesser’, 
have been shown to be reliable indicators of periph- 
eral auditory function. The 7-peaked response can 
be obtained with surface electrodes. The wave V 
marker can be recorded to within 10 cB of be- 
havioral threshold. The test does require that the 
patient be resting quietly to reduce undesired 
background physiological “noise” that can con- 
taminate these measures. However, the responses 
are not adversely affected by sleep state, sedation, 
or general anesthesia, if such measures ere neces- 
sary.° 


In view of the increased utilization of ABR testing 
and the frequent occurrence of conductive losses in 
children, it is important to understand the effect of 
conductive hearing loss on ABR results. The present 
study therefore was designed to determine 1) 
whether conductive losses can be differentiated 
from cochlear and retrocochlear losses with ABR 
measurements; 2) whether the various components 
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of mixed losses can be delineated, and 3) whether 
conductive losses of different eticlogic types give 
similar ABR results. 


It is important to point out that the purpose of 
this paper is not to propose that ABR be utilized in 
the assessment of conductive hearing loss when 
other, simpler assessment methods are available, 
but rather to define the effects conductive hearing 
losses have on the ABR. 


PROPERTIES OF THE ABR FROM NORMAL 
LISTENERS 


In a normal listener, a click stimulus at an inten- 
sity of 70 dB HL will elicit a 7-peaked response 
within the first ten milliseconds after stimulus onset 
(Fig. 1). The response is quite small in amplitude, 
less than a microvolt, and digital signal averaging 
techniques are needed to make the response discer- 
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nible. The fifth peak (wave V) is the largest and 
most reliable of the seven. It is therefore used as a 
marker for both threshold and site of lesion testing. 


Tone pips with a rise time of one millisecond or 
less may also be used to elicit the ABR. They have 
narrower frequency spectra than do clicks and, 
therefore, provide better information on frequency 
specificity. However, due to the fast rise time, tone 
pips have significantly more spectral spread than do 
standard audiometric tone bursts. 


EFFECT OF SITE OF LESION ON THE ABR 


In general, for a given signal level, latency values 
for wave V are longer than normal in conductive 
and retrocochlear lesions, but essentially normal for 
cochlear losses.**° There are some exceptions to this 
rule in cochlear losses. Some delay in latency may 
be observed when the stimulus is very close to the 
patient’s threshold. However, when the stimulus in- 
tensity is increased, the latencies rapidly approach 
normal values in a recruitment-like patterm. Pa- 
tients with severe cochlear losses may not show this 
“recruitment” effect, and their ABR latencies will 
then be delayed when compared to normal values. 
In addition, when the ABR is elicited by a click or 
by a high frequency tone pip, patients with high 
frequency cochlear losses may show increased laten- 
cy values. 


The longer latency seen with retrocochlear dam- 
age is probably due to desynchronized neural firing 
or a selective effect on the high frequency fibers.°”’ 
These delays are observed with both tone pip and 
click stimuli? and can vary from rather small 


Fig. 2. Comparison of ABR 
responses from a normal-hearing sub- 
ject and a person with a 20 dB con- 
ductive loss. 
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delays of 0.3 ms to very large prolongations of 3.0 
ms or mere. This property of ABR is very reliable, 
making ABR one of the most efficient special audi- 
tory tests in the differential diagnosis of vestibular 
schwanaemas and other lesions affecting the audi- 
tory nerve. 


Latency values are inversely related to stimulus 
intensity (Fig. 2). Thus, if a conductive loss atten- 
uates cochlear stimulation, then it is to be expected 
that is will increase wave V latency values. This ob- 
servation has been previously reported, but only on 
very few subjects in each report.'? '* Additionally, 
it has been suggested that these increased latency 
values can be predicted by the magnitude of the 
conductive component. This is a point that has not 
been supported by the studies of Mendelson et al," 
Clemis and Mitchell, and Yamada et al.5 In the 
Mendelson et al series, comparative audiometric 
data for most subjects was unavailable. Technical 
factors orobably biased the results of Clemis and 
Mitchell, and Yamada et al may have shown poor 
correlat.cn because of the dissimilar stimuli used in 
the stucy (ie, click for ABR and tone bursts for 
assessing 2udiometric thresholds). 


METHODS 


Audiometric and ABR results were obtained from 22 subjects 
with norma! hearing (threshold better than 10 dB HL) and from 
23 patient. (32 ears) with various conductive disorders: occlusions 
of the external auditory canal, middle ear effusion, otosclerosis, 
and various-ossicular chain disorders (Table 1). Ages ranged from 
3 to 76 years. All patients were cooperative and able to respond 
reliably or conventional audiometric tests. Air and bone conduc- 
tion thresholds obtained by conventional audiometry were care- 
fully documented and the differences between the air and the 
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TABLE 1. PATIENTS D THEIR DISORDERS 





No. of 
External canal ‘occluded . : - 3 5 
Middle eat effusion = ll 15 
Otosèleřósiš.- -R . 6 7 
Ossicilat dlicontinaty 4 5 
Tie fotak ai 23° 32 


? 


yao patent, ith aan discontinuity in the right ear and a 


fluid- filled left middle oe included in two came 


Bone acniductien thresholds (äir-bone gap) were calculated. The 
audiometric: data were obtained by qualified audZologists not 
‘associated with this. laboratory. Thus, those perform ng the ABR 


_ testing: had’ no prior knowledge of the audiometric results. 


Of the five ears with occlusions of the external auditory canal, 
-all had bone conduction thresholds better than 10 dE HL. Of the 
15 ears of patients with middle ear effusion, 13 had bone conduc- 


. tion thresholds better than 15 dB HL, and two had thresholds of 


30-40 dB HI. Of the 12 ears of patients with ossicular chain disor- 
ders, 5 had bone conduction thresholds better than 20 dB HL, 
while 7 had bone conduction of 25-35 dB HL. 


In all ABR tests, electrode sites were prepared by an alcohol 
cleansing, electrode paste was rubbed into the skin, and silver, 
silver-chloride electrodes were applied. The active e.ectrode was 
placed at the vertex, the reference at the ipsilateral mastoid, and 
the ground at the forehead. Resistance was measured and ascer- 
tained to be less than 5 kohms for each electrode pair. 


Patients reclined in a hospital cart during the test. Children 
under age ten were sedated with chloralhydrate. Adults were 
sometimes given diazepam to aid in relaxation. Testing was car- 
ried out only while the patient’s ongoing physiological activity 
was less than 10 uV. 


‘ Responses were elicited by tone pips with a one millisecond 
rise-decay time and no plateau, for a total duration 3f two milli- 
seconds, Frequencies of 1000, 2000, and 4000 Hz were used. Re- 
sponses were amplified at a gain of 10° and filtered with a band- 
pass of 100 to 3000 Hz and a roll-off of 6 dB/octave. The ongoing 
activity was monitored on an oscilloscope. The responses were 
averaged on a Tracor-Northern NS-570 digital signel averager. 


Figure 3 demonstrates the procedure for determining an esti- 
mate of the conductive loss from the patient’s lateacy-intensity 
function. For each patient the ABR wave V latencies were plotted 
with the mean wave V latencies of the normal subjects. The de- 
gree of attenuation in the signal level which would. produce the 
observed shift in the patient’s latency-intensity function was then 
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Fig. 3. Demonstration of the determination of the laten- 
Pe intensity function (LIF) shift in order to est.mate the 
egree of conductive loss. 
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measured. These values were averaged over all points on the la- 
tency-intensity function to produce a mean latency-intensity 
function (LIF) shift value (in dB units). 


RESULTS 


In Figures 4 and 5, the wave V LIF shift versus 
the air-bone gap has been compared. Solid lines 
mark the calculated values and the dashed lines 
denote a region plus or minus 10 dB. Patients with 
hearing losses produced with earplugs and patients 
with middle ear effusion show a very good agree- 
ment between LIF shift and air-bone gap (Fig. 4). 
Virtually all of the points fall within 10 dB of the 
calculated line. However, for patients with ossicu- 
lar chain disorders, the LIF estimate tends to be 
larger than the air-bone gap (Fig. 5). 


LATENCY- INTENSITY FUNCTION (LIF) surFr (DB) 
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Fig. 5. LIF shift vs air-bone gap: ossicular chain disor- 
ders. Closed symbols - Patek g open symbols - ossicular 
discontinuity. 
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Fig. 6. ABR results. A) Case 1 (right ear only; B) Case 2; C) Case 3. ¢4) - Wave V thresholds; (B) - Patient’s wave V la- 


tencies denoted by closed circles (@——® ); lower line indicates normal mean wave V latencies. 


DISCUSSION 


The results from the first two groups support the 
hypothesis that increased ABR latency in conduc- 
tive loss is due to a simple reduction in signal level. 
That reduction is equal to the amount of conductive 
component which is accurately measured by the 
air-bone gap. 


The lack of agreement between LIF shift and air- 
bone gap for the third group could be due te either 
of two factors: 1) the latencies are affected by 
cochlear or retrocochlear components in the hear- 
ing loss, or 2) the air-bone gap is not an aecurate 
measure of the amount of sound reduction caused 
by the conductive component. 


With respect to the first possibility, 7 of 12 ears of 
these subjects displayed some elevation of the bone 
conduction threshold, but there was no evidence 
that the elevation was due to retrocochlear camage 
in any patient. In all seven cases, the bone conduc- 
tion thresholds were better than 35 dB, ard thus 
would not indicate the type of cochlear loss that 
would result in a latency delay. 


Alternatively, the bone conduction thresholds 
may be affected by a mechanical artifact. In the 
case of otosclerosis, Carhart'* has shown that a 
significant improvement occurs in the bone conduc- 
tion threshold after corrective surgery. He con- 
cluded that presurgical bone conduction thresholds 
are elevated by purely mechanical factors which are 
alleviated with surgery (Carhart notch phenome- 
non). 


If this is also the case for the patients in this study 
with ossicular chain disorders, then the air-bone 
gap will underestimate the sound reduction caused 
by the conductive component, while the wave V 


LIF shift will reflect the actual sound reduction. 


The accuracy of the LIF shift in estimating the 
conductive component of a hearing loss is evident 
from these results, at least for conductive losses that 
do not involve abnormalities of the ossicular chain. 
The extent of the clinical usefulness of these data 
can be illustrated by the following cases: 


Case L A 3-month-old infant with Treacher-Collins syndrome 
was referred for audiologic assessment. The otoscopic examina- 
tion indicated an atretic right external auditory canal and a nor- 
mal left tympanic membrane. The ABR results indicated bilateral 
symmetrical wave V thresholds of 50 to 60 dB HL, an LIF shift of 
55 to 60 dB when compared to a normal wave V latency-intensity 
function (Fig. 6A). Comment: It was concluded that this child 
has a right congenital atresia and a left congenital ossicular chain 
fixation. Considering the age of this child, surgical intervention 
will probably not be done for several years. The ABR results not 
only served to reassure the parents and physician that the auditory 
sensorineural apparatus is intact, but also picked up a large con- 
ductive loss on the left side that may have been missed by inspec- 
tion alone, and therefore provided the indication for early 
habilitation through amplification. 


Case 2. A hyperactive, uncooperative 3-year-old child with a 
severe language delay was referred for an evaluation using ABR. 
The wave V thresholds were 45 to 50 dB HL, and the LIF shift 
was 20 dB (Fig. 6B). Impedance testing revealed flat tympano- 
grams bilaterally. Comment: This child has a mixed hearing loss 
of 45 to 50 dB HL, flat in the mid-frequency range, with a con- 
ductive component of approximately 20 dB. 


Case 3. A mentally retarded child was referred for an ABR 
evaluation. Wave V thresholds showed a profound loss and the 
LIF shift was 30 dB (Fig. 6C). Impedance measurements indi- 
cated flat tympanograms bilaterally. Comment: Severe-to-pro- 
found sensorineural hearing loss with a conductive component of 
not more than 30 dB. This conclusion is based on speculative in- 
terpretation of all the data. The magnitude of the loss is too great 
to be purely conductive and the magnitude of the LIF shift is 
small, supporting this conclusion. However, the sensorineural loss 
may be severe enough in itself to cause an increase in latency. Im- 
pedance audiometry and otoscopy supported the diagnosis of a 
conductive component to the loss in this case. 
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Fig. 7. (Case 4) (A) - Audiometric thresholds and (B) 
-ABR wave V latencies. 


Case 4. A man with otosclerosis is suspected of having a 
vestibular schwannoma. His air-bone gap at 1000 Hz was 15 dB. 
The ABR wave V LIF shift was 35 dB at this frequeney (Fig. 7). 
Similar results were obtained at 2000 and 4000 Hz. Comment: 
The ABR results have added nothing to the diagnostic picture in 
this case since an LIF shift larger than the air-bene gap is 
characteristic of otosclerosis. 


Eggermont et al’ discuss at length the use of the 
difference between the latencies of waves I and V as 
a diagnostic tool for the detection of retrozochlear 
damage. A delay in both peaks with a normal wave 
I-V interval is an indication of peripheral lamage, 
while a prolonged wave I-V interval would indicate 
retrocochlear damage. The difficulty that we have 
had with this measure is that in many cases wave I 
is difficult to discern. In the present study, for 15 of 
the 32 ears tested, the wave I-V interval was nor- 
mal. For 17 ears, no wave I could be recorced. This 
percentage might be improved by using more in- 
tense stimuli at a lower repetition rate, or by using 
electrocochleographic methods to obtain the wave I 
latency value. 


Unless the wave I latency is determinec, even a 
minor conductive component can severely compli- 
cate the detection of retrocochlear damege with 


ABR. Selters and Brackmann‘’ report that this situa- 
tion rarely occurs, but the coexistence of schwan- 
noma and otosclerosis has been documented'® and 
must be considered. If the air-bone gap and the LIF 
shift correlate well in cases of pure conductive loss, 
then it would be tempting to merely use the air- 
bone gap to extrapolate the amount of latency delay 
due to the conductive component. Unfortunately, 
some patients with vestibular schwannoma show 
very small latency delays of only 0.3 to 0.4 ms. The 
precision of an air-bone gap to LIF extrapolation 
would need to be very fine for a clinician to sort out 
such a small retrocochlear component from the 
total delay. 


Of course, if the patient had a retrocochlear 
disorder which produced a large latency delay and 
his conductive loss was due to a disorder not involv- 
ing the ossicular chain (for which the air-bone gap 
and LIF shift correlate well), then the components 
could be sorted out. However, it should be remem- 
bered that if the conductive loss involves the 
ossicular chain, then the air-bone gap will not be a 
reliable indicator of the amount of LIF shift due to 
the conductive component. For such a case, it is 
essential to obtain a measure of the wave I latency. 


CONCLUSIONS 


1. For patients with occlusion of the external 
auditory canal or middle ear effusion, the shift of 
the wave V latency-intensity function correlates 
well with the audiometric air-bone gap. 


2. For patients with ossicular chain disorders, 
the increase in wave V latency from the conductive 
loss is larger than would be expected from the 
audiometric air-bone gap. It is speculated that this 
is due to a mechanical artifact affecting bone con- 
duction thresholds. 


3. When conductive and retrocochlear hearing 
loss coexist, and no wave I can be recorded, the in- 
creased wave V latency due to the conductive com- 
ponent may totally mask a delay caused by the 
retrocochlear component, unless the retrocochlear 
delay is fairly large. Wave V latency measurement 
alone is particularly useless in this regard when the 
conductive loss is due to an ossicular chain disorder. 
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"ÀA group of ijec mta was examined by a central auditory test (CAT) battery including competing sentences, binaural fusion, 
tered ; and compressed speech. Auditory evoked brainstem responses (BSER) were measured in conjunction with the CAT data. 
- The’auditory tests indicate a high degree of failure in thcse areas requiring sophisticated integration, coordination, and identification of the 
‘+ modified speech stimuli. The BSER did not identify a significant abnormality. The cortical and subcortical areas of integration are pro- 
posed as the multicentric sites of impairment in the hearing function found in dyslexic students. 


"The goal of this paper is an evaluation of the cor- 
tical, subcortical, and brainstem disturbences in 
audition which are found in dyslexic students. 


Students with perceptual defects may Lave, in 
addition, a hearing disorder which further compro- 
mises their function. The hearing impairment 
might not be suspected when the perceptual dis- 
order, such as a reading problem, is so marked as to 
depress the awareness of other problems. The recog- 
nition of a concomitant hearing loss is necessary so 
that an appropriate educational environm2nt and 
an individualized curriculum for achievement may 
be programmed. The initial purpose of this paper is 
to present a concept of hearing imperception 
through sophisticated challenges currently called 
Central Auditory Tests (CAT) in students classified 
as dyslexics. 


A group of 20 children has been evaluated by the 
auditory evoked brainstem response (BSER) method 
and psychological parameters in conjunction with 
the CAT battery. The results and compariscn of the 
data derived from two of these approaches are pre- 
sented. The psychological evaluation has assumed 
such dimension that the authors will present this 
material in a separate publication. Localization of 
the site of the defect is postulated based upon the 
analysis of the data. 


Dyslexia may be classified as a type of minimal 
brain dysfunction (MBD). The defects of this MBD 
are described in behavioral and perceptuel-cogni- 
tive concepts. While the behavioral factors indeed 
contribute greatly to the utilization of the cognitive 
capabilities, this relationship and its contri-ution to 
scholarly achievement are beyond the score of the 
current investigation. 


The perceptual-cognitive aspects are multiple. 
Some defects include problems in memory, auditory 


— m m 


perception, spatial relation, right-left disorienta- 
tion, reversals and transposition of letters, and dif- 
ficulty with auditory synthesis and discrimination. ' 


The magnitude of dyslexia is enormous; the num- 
ber of students so classified may include 2 to 5% of 
the school population.” Extrapolated across the mil- 
lions of children of school age, the total number 
may be staggering. As a sequel to the numerical 
problem is the fact that academic facilities are 
limited according to the financial structure of the 
community. Supportive services such as reading, 
counseling, writing techniques, and psychiatric 
therapy, when available, add great burdens to the 
parents and educational system. Identification of 
these students can be delayed until late in an aca- 
demic career at which point the success of the spe- 
cial support programs may be markedly impaired. 


In brief, several statements can be proposed 
about dyslexia. Early identification implies greater 
academic gain due to special assistance. The poten- 
tial number of students so involved may be over- 
whelming. Specially oriented remedial education is 
expensive and with limited availability. With this 
background of general information, we proceed to 
the topic of hearing disability. 


METHODS 


The subjects are gathered from a school for dyslexics, clearly 
identified as such by educational, neurological, and psychological 
parameters. The ages are limited, with one exception (age 7), 
from 10 to 13 inclusive, in order that as homogeneous a group as 
possible be evaluated for purposes of internal and external com- 
parison. By contrast with a previous report’ in which selection for 
entrance into the project was based upon categorization of “dys- 
lexia” alone, this group of 20 individuals can be classified as coop- 
erative and motivated to participate in the study. There is no evi- 
dence of a hyperkinetic behavior pattern. None of the students at 
the time of the study were on tranquilizers or other forms of mood 
elevators or depressors, factors not necessarily present in the 
earlier study. The audiologic studies and the auditory evoked 
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Fig. 1. Competing sentence test scored by strong and 
weak ears. A failure is defined as a score under 80% . Seven 
of the 20 subjects fell below normal range in one or both 
ears, 


potentials are completed in a single exposure with periods oł 
relaxation provided as needed. The psychological investigations 
are initial requirements for entrance into the academic program 
and later, on entry into the investigation, special batteries are 
employed for additional information. 


The technical material of the test was presented in a previous 
publication. Specific requirements include a 2-channel audio- 
meter (Maico MA 24B) with tape deck attachments for the special 
studies, a quiet environment which complies with ANSI stan- 
dards, and accurately calibrated earphones.’ 


The CAT battery includes competing sentences, binaural fu- 
sion, filtered speech, and compressed speech. We have-deleted the 
rapidly alternating speech perception test, supposedly a measure 
of brainstem capability for integration of fragmented speech, due 
to the high level of success in the previous report.* The assumption 
based upon these data is that the brainstem is not functionally de- 
ficient in dyslexia. 


The auditory evoked responses are collected and recorded by a 
Teledyne TA-1000 unit which consists of a preamplifier signal 
conditioner, signal processor (analog computer), stimulus gener- 
ator, oscilloscope, and x-y recorder. We have elected the 2 kHz 
stimulus at a rate of 20/s. The cumulative responses of 2,000 im- 
pulses were averaged and played on the oscilloscope and later 
recorded on permanent tape. The test is repeated several times to 
produce a consistently identifiable and reproducible pattern of 
latency and intensity. 


RESULTS 


Results of the CAT battery (four tests) are 
reported followed by the auditory evoked response 
data. Comprehensive data for three students are 
presented to identify a pattern of hearing and read- 
ing disability in addition to a performance profile 
characterized as an attentional deficit. 


Competing Sentences. The site of lesion is pre- 
sumbed to be in the posterior portion of the tem- 
poral lobe. The technique of the test is quite simple; 
different sentences are presented in each ear simul- 
taneously at 35 and 50 dB (SL). The listener repeats 
the primary message at the lower intensity and in- 
telligibility is scored as the percent correct. The test 
is reversed and scored accordingly. The higher val- 
ue is recorded as the strong ear and the lower as the 
weak ear (rather than right-left). The normal val- 
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Fig. 2. Binaural fusion test. Normal value is approx- 
imately 85% correct. Seventeen of the 20 subjects fell 
below the 70% score considered to be within the failure 


range. 


ues for ages 10 to 13 approach closely 100% in each 
ear. For our critique, a value less than 80% (scored 
in 10% increments) is considered to be a failure, 
whether the strong or weak ear. 


A failure was evident in 7/20, or 35% (Fig. 1). 
One of this group is slightly depressed below normal 
(80/79), and the remaining 6 fail with surprisingly 
low values in each instance where the weak ear re- 
sponcs from 0 to 30% with an anticipated value of 
90% . In addition, the strong ears in 3 of the 6 are 
under 50%. 


Binaural Fusion. The area for integration of 
frequency-fragmented speech is considered to be 
the brainstem. The test is structured upon separa- 
tion of the speech stimuli in two frequency bands, 
500 to 700 Hz and 1,900 to 2,100 Hz. The simulta- 
neous reception of these otherwise unintelligible 
souncs is merged through the brainstem and inte- 
grated into a composite form and presented to the 
central auditory centers for identification. The nor- 
mal value of fusion is approximately 85% in the 
right and left ears for children age 10. 


The authors define failure of this auditory chal- 
lenge at a level below 70% , allowing 15% from the 
normal for range of variation. Employing this cri- 
terion, we observe a high rate of failure in 17/20 
(Fig. 2). The range of failure is particularly out- 
standing since 16 of the 40 ears scored below 50% 
and 8 under 40%. There was no mean evidence of 
dominance; in 9 individuals the right ear scored 
higher than the left, and in 9 other students the left 
was superior; finally there were two examples of 
balanced hearing. The mean values for 20 individ- 
uals are 51% accuracy for the right ears and 56% 
for the left ears. 


Filtered Speech. The test is based on evidence 
whick correlates lesions in the temporal lobe with 
failure to accurately identify distorted words. The 
test stimuli are modified by filtration above 500 Hz 
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Fig. 3. Low pass filtered speech, monaural challenge 
- with distorted speech. Ten of the 20 subjects were below 
the mean value of 58%. 


with an attenuation of 19 dB per octave band. The 
normative data indicate approximately 70% ac- 
curacy for age 10 (Fig. 3). 


Failure of the test is defined as a value under 
58 % . Employing this criterion, we identified 10 of 
20 whose ability to recognize speech in a distorted 
fashion was markedly impaired. A separate sub- 
group of three individuals is below 40% :n both 
ears, a striking clinical failure. The remaining indi- 
viduals are, on an average, moderately impaired 
with a mean in the middle 50% correct bracxet; on- 
ly 10 to 15% are below the normal mean. 


Compressed Speech Test. This test relies upon the 
temporal distortion of the speech signal. Tke intel- 
ligibility scores indicate an inverse relatiorship to 
increasing compression. A direct ratio exists be- 
tween intelligibility and intensity of stimulus as 
well as age (within a limited range). Consequently 
for the cerebral processing of an auditory stimulus, 
the individual requires a quantity of time for the 
reception of information and stimulus identifica- 
tion. Normal data presented by Beasley et al** in- 
dicate equal values for right and left ear with in- 
creasing time compression from 0 to 70%. The cor- 
rect speech scores modified by compressicn were 
not affected until 40%; thereafter there was a 
gradual decrease in values until 70% when a rapid 
loss in discrimination became evident. Gradual in- 
creases in sensation levels from 8 to 32 dB again in- 
dicate equal right and left ear scores; consequently 
there is no apparent ear dominance. 


Evidence presented by Bocca and Calearo* sug- 
gests the application of distorted speech tests for 
evaluation of the higher auditory pathways in the 
presence of normal peripheral organ studies. Fur- 
ther data by Calearo and Lazzaroni® using tem- 
porally compressed material indicated the temporal 
lobe as the site of the auditory defect with the score 
clearly lower in the ear contralateral to the site of 
the lesion. 
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. 4. Com Fy ar Pee test shortens the available 
re r word tifica Soe ae eu EE eo 
less than 60% correct, suggestive of 

higher auditory pathways. 


For this study, the compression value is 60% , and 
32 dB SL the common intensity of presentation. 
Each ear is tested separately with 25 words from the 
PB-K work list. 


The normal data presented by Beasley’ for 
8-year-old students, which is nearest our test group 
age, indicate 92% accuracy at 32 dB sensation lev- 
el, 0% compression, and approximately 80% cor- 
rect at 30% compression, and 60% at 60% com- 
pression. 


We have arbitrarily identified a failure of the test 
as a level below the norm, ie, 60% (Fig. 4). A clear 
indication of central auditory disturbance is appar- 
ent with a failure rate of 30%. Dominance is sug- 
gested by right ear scores in 7/12, 4 marginally or 
clearly left dominant and 1 subject indeterminate. 


The relative importance of each test in the bat- 
tery is depicted by the percentage of individual fail- 
ure in each of the four components (Fig. 5). An in- 
tertest variation is evident, though, by the differ- 
ence in score of each test. 


PERCENT OF TOTAL 





TEST FAILURES 


Fig. 5. Failure rate for each of the four central tests, ex- 
tending from a low of 30% in the compressed speech test to 
the high of 85% in binaural fusion data 
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Fig. 6. Composite values of central auditory test fail- 
ures. Approximately half of the group failed 2 tests, 20 % 
either 3 or 4, and 30% a single test. 


The binaural fusion test is the most sensitive in- 
dicator of auditory disturbance in this dyslexic 
group; 80% score less than the normal value. Fil- 
tered speech with a 50% passing rate reveals a ma- 
jor disturbance in distorted monaural speech identi- 
fication. The competing sentence and the com- 
pressed speech tests score in the proximity of one- 
third failures, a mild indicator of a central distur- 
bance. 


The success of the individual student in solving 
the auditory challenge is presented in Figure 6. 
Forty-five percent of the group failed two tests and 
10% failed each of 3 and 4 segment challenges. 


Auditory Evoked Responses. The data are ana- 
lyzed according to the amplitude of the microvol- 
tage responses in waves I and IV-V, from the right 
and left ears measured individually and the com- 
bined right-left response of simultaneous bilateral 
stimulation. Latency periods are presented by a 
similar method of unilateral and bilateral record- 
ing. Amplitude ratios IV-V/I are considered in the 
final data but are of little statistical value. Analysis 
of the information indicates that only 1 of the 20 in- 
dividuals exceeded the normal latency values (by 
0.2 ms) in one or more phases of the test and 4 were 
below the normal values for amplitude. 


We shall not present the individual values of the 
15 students who evidently fell within the normal 
range. Accordingly, the abnormal data of this seg- 
ment are presented for comparison with the nor- 
mal, abstracted from a group of individuals free 
from auditory impairment and aural disease as well 
as reading impairment (Fig. 7). 


The values for amplitude of wave I have been 
deleted from the final report since the wave is often 
low and variable in configuration. The significant 
areas of abnormality appear in prolonged latencies, 
occasionally unilateral or due to simultaneous bin- 
aural stimulation. The amplitude of waves IV-V is 
diminished in several individuals. The failure of the 
auditory evoked response test appears most certain 
when both the latency and amplitude values are ab- 
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Fig. 7. Brainstem evoked auditory response. Data from 
five mdividuals are graphed to illustrate the minor varia- 
tion ‘rom normal. Only two subjects exceeded the latency 
norm by 0.1 ms, probably within normal range. A third 
value of 6.1 ms is grossly abnormal. Minor variations in 
ampeitude are also encountered. 


norma; this event occurs in 1/20 or 5% of the total 
group. At this point, we can clearly indicate that 


the data for the BSER do not identify a disorder in 
transmission in the brainstem. 


There are three students who deserve an in-depth 
inspection, since in many ways they can be por- 
trayed as fairly characteristic of the group as a 
whole yet with individual personality facets and 
idiosyncracies. 


CASE REPORTS 


Case L. This 12-year-old male was admitted to a special educa- 
tion program following a psychological evaluation at age 6 years. 
This analysis was initiated after his teachers observed poor 
achievement in the reading readiness tests, an abnormal resis- 
tance te educational goals, and poor coordination and ungainly 
motor aetivity. 


The-peychological and performance tests indicated a bright but 
learning disabled child, based upon language and visual-motor 
difficulty. 


The-central auditory tests are: 


R/L Normal Values R/L 
Competimg sentence 100/0 90/90 
Low pass filtered speech 72/58 66 mean 
Binaural fusion 25/75 85 mean 
Compressed speech 88/56 60 mean 


At age 12 this student failed 3 of the 4 tests which would in- 
dicate dfficulty in understanding speech when competing con- 
versatior is present, problems in central fusion when less than in- 
telligible-speech sounds are presented, and a minor loss in speech 
identity when the stimulus is accelerated in time. These auditory 
factors in conjunction with the identified visual-motor and lan- 
guage ditficulties contribute further to academic interference. 


Case £ The second individual is the junior of two brothers 
referred ‘or special testing due to a discrepancy between the in- 
tellectual scores and school achievement. The teacher described 
“poor wisaal memory, poor work habits, and difficulty paying at- 
tention” among other less evident problems. The school counselor 
further commented upon the child’s attitude as disorganized and 
distractable, and noted difficulty keeping pace with grade-level 
work. 
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s central auditory test scores are: 
. “RIL Normal Values R/L 


Comet. sentence 7 7. 1. 80/0 98/68 mean 
Low-pags ‘fil a ae _ | 30/24 64 mean 
Binaural fusion’ . ey “+, 50/60 75/75 average 
Compressed speech `, _ 56/36 60 mean 


- The- -amaplitide ‘of iens -wave V falls within normal range, 
„iapa than 0. 46 nV and 0.75 aV respectively. 


‘The psychological tests includéd: WISC-R which indicated that 
“this yourg:man is functioning within the very superior range of 
_ intelléctual: ‘dévelopment. Weakness was evident in long-term 
` auditory: memory, öral arithmetic skills, and hand-ere motor 
` rapid coding skills: ‘The Bender test- suggested significant visual- 
motor integration problems -and depressed scores on aural- 

written, plus reversals of written words. 


' "The central test.group indicates failure of each segmen-, though 
. the range of the weak ear in competing sentences may test to 0% 


by established. norms. The mean value is 68%, and the authors 


-suggest either a yery low normal score or, more likely. in com- 
_„bingtion with the other data, a failure. Filtered speech results are 
‘less than half the normal, fusion scores are depressed, and finally 
the compressed speech values are moderately abnormal. 


Case 3. The third student is a 10-year-old male, the Lrother of 
student No. 2. 

This young man was characterized through the psychological 
interview and by his teacher as having poor coordination, being 
easily distracted, and having difficulty sitting still. 

The central auditory scores are: 

R/L Normal Velues R/L 


Competing sentence 20/30 90/90 

Low pass filtered speech 28/36 66 mean 
Binaural fusion 95/95 85 mean 
Compressed speech 60/64 60 mean 


The amplitude and latency values of the auditory evoked brain- 
stem responses are normal. 


The WISC-R presented a very superior intellect and some 
weakness in orally presented arithmetic and coding zkills. His 
achievement was rated overall as satisfactory in school :n spite of 
the defects noted in distractability and coordination. 


There are two major areas of deficit in the CAT battery, com- 
peting sentences and low passed filtered speech, giving evidence 
of a major impairment in auditory stimulus suppressicn and re- 
cognition of a distorted speech stimulus. 


DISCUSSION 


From the CAT battery we observe that 95% of 
the students failed at least one segment of the test. 
More than half of the group was unsuccessful in 2, 3 
or 4 tests, while only 30% scored below normal in 
one phase of testing. 


We reviewed the test data and propose certain 
clinical interpretations based upon these results. 
The competing sentence test is composed of simul- 
taneous binaural stimuli with the test object lower 
in sensory intelligibility due to the relatively dimin- 
ished intensity of presentation. Depressed scores 
would suggest an internal competitive stete with 
less efficiency in the “weak ear” through -he sub- 
cortical association fibers to the cortical auditory 
regions. Support for this contention is based upon 
normal monaural discrimination, the nor- 
mal data in the rapidly alternating speech percep- 
tion test effecting bitemporal stimulation, and pre- 


vious research by the authors with discrimination 
scores in the presence of ipsilateral and contralat- 
eral white noise. We do not consider this test an in- 
dication of a potential split-brain individual partic- 
ularly since the mean value of the weak ear is 66% 
versus the strong at 86%. Furthermore, the failure 
cases are characterized by extremely low scores in 
each ear more suggestive of defective transmission 
or integration and/or comprehension of stimuli in 
the presence of a competitive input. 


The binaural fusion test integrates the frequency 
bands of speech which are presented dichotically. 
While the brainstem has been considered to be the 
site of the stimulus merger prior to cortical presen- 
tation, we question this hypothesis particularly in 
view of the apparently normal transmission of the 
electrical response through the brainstem. The high 
rate of failure (85% in this group) indicates an ap- 
parent lack of integration. We also observe that the 
fragmented stimuli, when presented as a monaural 
integrated stimulus, are readily identified in either 
ear with a high degree of success. Therefore, the 
monaural system from end-organ to auditory cortex 
functions in a competent manner. As a consequence 
the dissociation of stimuli must occur prior to the 
terminus and either represent a delay in subcortical 
transmission or be so modified as to yield a distorted 


response. 


Filtered speech illustrates a modification of stim- 
ulus due to attentuation of the essential identifying 
components with a normal temporal duration. The 
verbal image is so distorted as to challenge the audi- 
tory identification-recognition mechanism. We can 
postulate that the complex sound package is suffi- 
ciently incomplete that a partially deranged trans- 
mission mechanism or reception center fails to pro- 
vide the incoming data for proper interpretation. 
About half the students fail this test. There are three 
samples, however, where the scores of each ear are 
below 35%. In the absence of auditory dominance 
(ie, significant increase over weak side) and in the 
instance of bilaterally depressed values, it would 
suggest that the transmitted information as a 
whole, whether in the cortical or subcortical re- 
gions, is inadequate for normal function. Through a 
cross reference with associated failures in other 
segments of the CAT battery, we note a high cor- 
relation with the binaural fusion test data of the ten 
individuals who failed both segments. A correlation 
with other segments is not evident in the CAT bat- 


tery. 
The compressed speech test is a monaural chal- 


lenge with accurate frequency representation 
though diminished in the time of presentation. This 
burden on cortical identification of the speech 
stimulus is not too stressful for the dyslexic group 
since 70% fall within or near the normal mean 
data. As suggested in elderly individuals with 
phonemic regression,® delay in transmission across 
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the neuronal synapses or in the cortical region is a 
possible cause of failure in this test. Referring again 
to the BSER data which fail to identify delay in the 
brainstem neuronal transmission, we suggest that 
the site of the lesion when present be above the mid- 
brain in the subcortical or in the association system. 
There is no correlation between the few who failed 
the compressed speech test and specific values in 
other components of the battery. 


An interesting theoretical synthesis can be form- 
ulated by incorporating the data from the binaural 
fusion and filtered speech tests where a high failure 
rate occurs in each study. In each instance poor dis- 
crimination probably represents an inadequate stim- 
ulus for identification whether in coding as in 
filtered speech or in total composition as in fusion. 
Temporal sequencing of the monaural monosyllabic 
word is not a factor in distorted speech but may 
play an essential role in the dichotic frequency 
fragmented study. Further, the values do not sug- 
gest dominance. It is difficult to propose a discrete 
cortical lesion from a test battery in which the right 
ear exceeds the left in two tests and vice versa, the 
left dominates in the remaining two over the right, 
particularly in view of the localization for hearing 
of speech in the left brain. 


At this time the BSER measures the electrical 
components secondary to auditory stimulation. As 
such it parallels the behavioral responses of the nor- 
mal hearing. We cannot correlate with absolute 
certainty a normal BSER pattern and normal hear- 
ing, yet with the current state of the art the authors 
and others have measured pure tone thresholds 
within 15 dB by monitoring the brainstem with at- 
tenuated pure tone stimulation. Only future expan- 
sion of this technique will support the validity of the 
contention that the normal panorama of latency 
and amplitude equates to normal speech transmis- 
sion. In the interim, further investigation is sug- 
gested in the time frame beyond 10 ms. 


We might ask rhetorically whether the organic 
foundation for dyslexia is a common anatomical lo- 
cation occurring in a consistent area of the brain 
and thereby producing a more or less stereotyped 
individual pattern. Educators, psychologists, and 
psychiatrists are well aware of the heterogeneity of 


this group with varying degrees of academic disabil- 
ity, personality and behavioral instability, and need 
for supportive care. The organic disability of read- 
ing disturbances and the evident hearing failure of 
synthesis, reconstruction, and environmental audi- 
tory competition suggest multiple areas of func- 
tional disturbances. 


Based upon the central battery which indicates a 
wide spectrum of auditory disturbance in anatomi- 
cally disparate regions of the brain, the authors sug- 
gest the probability of a diffuse neural disturbance 
for this disorder of dyslexia. 


SUMMARY 


A battery of four central auditory tests was 
presented to a group of dyslexic students with nor- 
mal hearing by pure tone and speech discrimination 
scores. The ages of the students extended from 10 to 
13 inclusive but for one individual age 7 years. 
Ninety-five percent failed at least one segment of 
the battery. The binaural fusion test indicated the 
greatest degree of difficulty with 85% of the group 
significantly below the normal values. Filtered 
speech testing identified 50% of the group who 
were unable to pass this segment. The competing 
sentence as well as the compressed speech tests were 
below the normal values in about one third of the 
investigated students. 


A composite of the individual test scores indicates 
that about half failed two sections of the CAT bat- 
tery and 10% each were below normal in three or 
four components. 


The auditory evoked brainstem response did not 
provide evidence of significant impairment in the 
auditory induced neuronal response evaluated by 
latency and amplitude. 


A correlation of the CAT battery and the BSER 
does not implicate the brainstem nor the inner ear 
as the source of the hearing disability in dyslexia. 


Specific examples of educational and psychologi- 
cal assessments in conjunction with the central 
evaluation of audition are presented to illustrate the 
comprehensive perceptual and behavioral disorders 
of the dyslexic students. 
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Recently we developed an analog model to simula:e Alexander's law in nystagmus secondary to dysfunction of a semicircular canal. 
Alexander's law is based on the observation that the amplitude of the nystagmus grows with increasing gaze in the direction of the fast 
phase and diminishes with gaze in the opposite direction. To investigate the assumptions made in the model, we conducted quantitative ex- 
perimental studies on the effect of gaze on caloric-induced nystagmus in human subjects. A weak stimulus (water at 26.5°C and 240 
ml/min) was administered for several minutes which caused the development of jerk nystagmus. Both the average slow phase velocity and 
frequency reached a steady state at about three minuces after the start of irrigation and remained stable until the flow of water was 
stopped. To investigate the effect of gaze, each subject was asked to hold gaze at various positions from center, to the right, to the left, and 
to repeat the cycle. Results indicated that the slow phase velocity of the nystagmus was greatest in the direction of the fast phase and de- 
creased approximately linearly with gaze in the other direction in accordance with Alexander’s law. F requency was not a function of gaze. 
We speculate as to the biological advantages of the brainstem neural circuitry responsible for Alexander’s law. 


B - Central bias, EOM - Extraocular muscles, FQ()5 - Fast phase stimulator, G - Summed gaze and tone signals, G,, G, - Right gaze, 
left gaze, LC - Left canal, LLR - Left lateral rectus, LVN - Left vestibular nuclei, NI - Neural integraters, ©» - Desired angle gaze, 
© - Eye (gaze) angle, OMN - Ocular motor nuclei, PG - Pulse generator, RC - Right canal, RMR - Right medial rectus, RPG - Right pulse 
generator, RVN - Right vestibular nuclei, SSC - Semicircular canals, SM - Slow phase modulator, SV - Slow phase velocity, T - Central 
tone signals, TD - Total duration of the nystagmus beat. 


INTRODUCTION MODEL 

In 1912 Alexander' made the observation that the The model represents the brainstem mechanisms 
intensity of nystagmus grows as gaze is increased in that determine the gaze-dependent slope variation 
the direction of the fast phase and diminishes with of the slow phase of vestibular nystagmus. We did 
gaze in the opposite direction (Fig. 1); it later not explicitly model the generation of the fast 
became known as Alexander’s law. He cat2gorized phases; they were assumed to occur with a constant 
nystagmus into three degrees: First — present only frequency. A model has been proposed by other in- 
during gaze in the direction of the fast phase; sec- vestigators for fast phase generation.’ 


ond — present during gaze straight aheac but in- 
creased in the direction of the fast phase; third — 
present in all fields of gaze but greatest in the direc- 
tion of the fast phase. 


A neural configuration, consistent with the 
known anatomy and physiology on which our mod- 
el was based, is shown in Figure 2. The vestibular 
nuclei (right, RVN; left, LVN) transfer excitatory 


Despite the long and almost universal recognition signals contralaterally and inhibitory signals 1P- 
of Alexander’s law by clinicians, there has been no silater ally o the neural Mite SERtOTS (ND): erior fo 
serious attempt to explain the phenomenon. This synapsing with the integrators, these signals are 
prompted us to develop an analog computer model 
utilizing relevant brainstem anatomy and physiol- 
ogy in an effort to simulate Alexander’s law in nys- 
tagmus secondary to dysfunction of a semicircular 
canal.” The model behaved in accordarce with 
Alexander’s law with total and partial unilateral 
canal dysfunction. To investigate the asst mptions 





of the model and to quantitate the details of Alex- lef CAGE ANGE degrees) right 
ander’s law, we performed studies of variation with Figs i Diagran of digit fpa and iet-beating 
gaze of caloric-induced nystagmus in normal hu- (lower) vestibuler nystagmus variations with gaze. T in- 
man subjects. dicates target position.’ 


From the Ocular Motor Neurophysiology Laboratory, VA Medical Center, and Department of Neurology, Case Western Reserve University, School of 
Medicine, Cleveland. This study was supported in part by USPHS grant IT 32 EY-07021-05. 


Presented at the meeting of the American Neurotology Scciety, Palm Beach, Florida, April 12, 1980. 
REPRINTS — L. F. Dell’Osso, PhD, Ocular Motility (1274), VA Medical Center, Cleveland, OH 44106. 
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RPG 





Fig. 2. A possible “wiring diagram” suggested by the model. The upper half of the diagram corresponds to the right side 
of the brainstem and the lower half to the left side. Open circles Shere excitatory neurons; filled circles represent inhibi- 


tory neurons. Dysfunction of the left semicircular canal is signified 


y a large X through LC. C - Canal; R - Right; L - Left; 


VN - Vestibular nuclei; VIII - Eighth nerve nuclei; NI - Neural integrator; PG - Poise ee OMN - Ocular motor nu- 


clei; LR - Lateral rectus; MR - Medial rectus; G - Gaze signals; T - Central tone; B - 


modulated by desired right and left gaze (G,, G.) 
and central tone (T) signals. The evidence for a cen- 
tral T signal has been presented previously’ and is 
related to the interconnections of the brainstem 
neural integrators. When no imbalance between 
vestibular nerve activity from each side is present, 
the summed gaze and tone signals (G) are prevented 
from influencing vestibular activity by means of the 
presynaptic inhibition supplied by a postulated cen- 
tral bias (B). When an imbalance of vestibular ac- 
tivity occurs, this inhibitory bias is turned off by ad- 
ditional presynaptic inhibition. Such inhibition of 
inhibitory signals is not unusual and has been 
documented in other areas of neurophysiology.* 
Also shown are the ocular motor nuclei (OMN) and 
the eye muscles. With dysfunction of the left canal 
(LC), the right canal (RC) provides inereased 
stimulation of the left lateral rectus (LLR) and right 
medial rectus (RMR) causing the eyes (represented 
here as one eye) to drift to the left. Intervening sac- 
cadic pulses from the right pulse generator (RPG) 
move the eyes back to their predrift position. The 
waveforms shown represent changes in the neural 
firing frequencies and eye position (© +). 


Our model, which was implented on a Systron- 
Donner SD-80 analog computer, is described by the 
functional block diagram shown in Figure 3. Neural 
signals from the semicircular canals (SCC) pass to 


entral bias; V - Vestibular signals.’ 


the vestibular nuclei (VN) before being integrated 
by the NI. The NI outputs then lead to stimulation 
of the extraocular eye muscles (EOM) via the OMN. 
The position of the eyes is represented by © ¢. 


In order to include a gaze-dependent variation, 
however, we added a slow phase modulator (SØM) 
which medulated vestibular nuclei activity with de- 
sired gaze (6) and constant T. In this manner we 





Fig. 3. Functional block diagram of the model. Solid 
lines represent slow phase generation; dashed lines repre- 
sent fast phase aspects. SCC - Semicircular canal; VN - 
Vestibular nuclei; NI - Neural integrators; OMN - Ocular 
motor nuclei; EOM - Extraocular muscles; Q» - Desired 
gaze angle; @, - Eye (gaze) angle; PG - Pulse generator: 
FỌS - Fast phase stimulator; SOM - Slow phase modu- 
lator; T - Central tonic input.’ 
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Fig. 4. Recordings of the outputs from “he model with various parameter settings to stimulate three degrees of 


nystagmus (I-III) variation with gaze.’ 


were able to simulate the variation of slow phase ve- 
locity with canal imbalance and desired gaze. The 
fast phase stimulator (FQS) and pulse generator 
(PG) are connected by dashed lines to illustrate that 
they were not explicitly modeled, although their 
role in the fast phase of the vestibular nystagmus 
was represented. The waveforms shown indicate 
both neural firing frequencies and the resulting nys- 
tagmus of the eyes. 


When simulating normally functioning semicir- 
cular canals with equal spontaneous activity from 
the two sides, the model produced no nystagmus. 
When simulating total impairment of the canal on 
one side with gaze directed maximally in the oppo- 
site direction, the model produced large amplitude 
(arbitrarily chosen to be 15°) nystagmus with linear 
slow phases directed toward the “lesioned” side and 
fast phases in the opposite direction (corresponding 
with observed clinical phenomenology). As gaze 
was adjusted from far contralateral to ipsilateral, 
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Fig. 5. Plots of variations of nystagmus amplitude as a 
function of gaze angle and the amount of simulated semi- 
circular canal dysfunction. LC - Left canal; RC - Right 
canal.? 





the nystagmus gradually diminished to zero. This is 
shown in Figure 4 as third degree nystagmus (by 
Alexander’s classification). When one canal output 
was only partially reduced and the other normal, 
the nystagmus was smaller in amplitude and was 
absent in ipsilateral or in both ipsilateral and center 
gaze, as indicated by the second and first degree 
labels in Figure 4. As an initial simplifying assump- 
tion, the frequency of the nystagmus was held con- 
stant at 3.33 Hz. 


Figure 5 illustrates the quantitative relationship 
between the amplitude of the nystagmus, the angle 
of desired gaze, and the amount of canal dysfunc- 
tion measured as the percentage of its normal spon- 
taneous activity. The linear property of these curves 
is a result of our simple interpretation of Alex- 
ander’s law, ie, the amplitude of third degree nys- 
tagmus increases linearly with increasing gaze in 
the direction of the fast phase. The parallel proper- 
ty of the curves is again the result of our approxima- 
tion of the linear variation of nystagmus with canal 
deficit (as measured above). This is not meant to 
imply that the vestibular function (VOR) of a canal 
is directly related to its spontaneous activity. 


The model provoked some interesting questions: 
1) Is the relationship between the amplitude of the 
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Fig. 6. Sketch of nystagmus waveform showing param- 
eters measured. SA - Slow phase amplitude; SD - Slow 
ey duration; TD - Total duration of the nystagmus 
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Fig. 7. (Subject 1) A) Time course of the nystagmus slow phase velocity{SV), while holding center gaze suring constant 


irrigation. Each filled circle and error bar represents the SV mean and stancard deviation, respectively, of 10 sam 


ed beats. 


The position on the time axis is the mean time of occurrence of the 1C sampies. B) Time course of the nystagmus frequency, 
while holding center gaze during constant irrigation. Each filled circle and error bar as in A. 


nystagmus and the desired gaze angle aetually 
linear? 2) For a given angle of gaze, is the nys- 
tagmus amplitude a linear function of canal deficit? 
3) How does the nystagmus frequency vary with 
gaze? Consequently, studies of calorics on normal 
subjects were initiated in our laboratory to answer 
these questions and to provide additional direction 
for our modeling. 


METHODS 


Caloric-induced horizontal nystagmus was monitored, using an 
infrared technique, as a function of gaze in seven normal male 
subjects between the ages of 18 and 34; the infrared system was 
linear within + 20°. The subjects were not patients, had no 
clinical ocular motor complaints, and made normal eye move- 
ments during calibration. The subjects were in complete darkness 
(except during calibration) and were in a reclined sitting position 
with the coronal plane of the head at 60° from the vertical. Blinks 
were detected with a vertical electro-oculographic recording of 
one eye. During calibration, each subject was asked to look at 
small spots located on the ceiling (at a distance of approximately 
20 m) at gaze angles of 0°, + 20°, and +25°. 


The time courses of the slow phase velocity (SV) and frequency 
of one subject holding center gaze during continuous irrigation 
were calculated to establish when and if adaptation had occurred. 
The intent in this study was to first get our subjects mto the 
adapted plateau region and then study the effect of gaze on the 
SV. 


Cold water (26.5°C and 240 ml/min) was delivered contin- 
uously for several minutes to the external auditory meatus of the 
subject’s left ear; right-beating linear nystagmus was thus in- 
duced. After the nystagmus reached a constant amplitude, the 
subject was asked to look at his best estimate (since it was dark) of 
various angles of right and left gaze while receiving constant cor- 
rective feedback as needed from the experimentor. Usually gaze 
variations originated at 20° right, proceeded to 20° left in a step- 
wise manner, returned to 20° right, and then the cycle was 
repeated at least once. In this way many beats at various gaze 
angles were recorded. Calibration was then rechecked after the 
experiment. The slow phase velocity and frequency of every 
third, fourth, or fifth beat, depending on the total number of 
beats recorded from a particular subject, were calculated (Fig. 6). 
The individual amplitudes and durations were determined 
graphically. 


RESULTS 


The time courses of both the SV and frequency 
for subject holding center gaze are shown in Figure 
7A,B respectively. Notice the peak at 2'/, minutes 
and the subsequent plateau region in each figure. 


Results from all the subjects are shown in Figure 
8. The heavy solid line is the mean of the SV regres- 
sion lines for subjects,>57 eliminating three special 
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Fig. 3. Plots of nystagmus slow phase velocity (SV) ver- 
sus gaze angle for each of the subjects tested. Each subject's 
data are represented as a linear regression. The heavy solid 
line is the mean of the individual curves of four subjects (3, 
5-7). The heavy dashed line is the mean of the individual 
curves ef six subie (1, 3-7). The error bars are standard 
deviations. 
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STATISTICAL INFORMATION FOR FIGUR&S 9-13 


le Data Data F 
eci pee Starts (s)* Ends (s)* (Mean & 
l T 53 137 290 330 1.41 
2 18 66 120 290 135 0.83 
3 34 592 65 138 231 0.62 
4 30 — 56 180 345 3.08 1.40 
5 30 > 6 180 350 334 1.10 
6. 7 >... 48 180 360 301 0.87 
ar) 2) BL 180 450 305 1.41 
“After the start of gation, 


cases Seer Below: The heavy dashed line is the 
mean of the SV regression lines for six subjects, ex- 
cluding the markedly different data for sudject 2. In 

all cases; frequency was not a function of gaze; the 
Means were 3.08 and 3.2 beats/second ccrrespond- 
‘ing to the above groupings of four and six subjects 
respectively. The table presents individual data for 
each of the subjects. 


The data for subject 3 was best fit by a regression 
line (Fig. 9). The subject made multiple sweeps of 
rightward and leftward gaze during the time the 
nystagmus was recorded. The frequency was not a 
function of gaze. These results were cheracteristic 
of most of the subjects tested. The data of subjects 1, 
4 and 2 are unique and will be presented separately. 


Figure 10 describes data for subject 1 which were 
consistent with Alexander’s law with one sweep of 
gaze from right to left (dots), but not on the return 
to right gaze (x’s). The frequency derived from the 
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Fig. 9. Plot of wee phase velocity (SV) as a function of 
paz angle (shown by dots) for the sampled rystagmus 
ts from subject 3 with multiple sweeps of gaze from one 


side to the other. The solid line is a linear n with a 
= 31.25, b = 0.77, r= 0.91. In this and all subsequent fig- 
ures, a and b are parameters in the equation SV = a (gaze 


angle) + b; r is the correlation coefficient. 
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Fig. 10. Plot of slow eA N, SV) as a function of 

pito prelate ed nystagmus poser a & 
dots represent 36 beats occurring between 137 secon 

and 242 seconds for one sweep of gaze starting at the right 
and ending at left gaze. The x’s represent 17 beats occur- 
ring between 244 seconds and 290 seconds for the return to 
right . The solid line is a linear regression (a = 30.95, 
b = 0.47, r = 0.87) of the data shown by dots. A linear re- 
gression on the other data had a value of r equal to only 


beats, referred to by the dots, was not a function of 
gaze. 


Data for subject 4 are consistent with Alexander’s 
law with one sweep of gaze from right to left (dots), 
but not for other sweeps of gaze (Fig. 11). The data 
shown by the dots were recorded during a time in 
the middle of all the data recorded. Frequency was 
not a function of gaze. 


Subject 2 demonstrated “hemifield reciprocity” " 
(Fig. 12). With multiple rightward and leftward 
sweeps of gaze, results were consistent with Alex- 
ander’s law at center and left gaze but not during 
right gaze where the opposite occurred. Frequency 
was not a function of gaze; the mean value (1.95) 
was the smallest of all subjects’ mean frequencies 
(table). 


DISCUSSION 


For all subjects the data were obtained when we 
felt reasonably sure that the SV was not a function 
of time, ie, the system was in steady-state; this time 
was usually greater than 2'/, minutes after the start 
of irrigation, based on the SV adaptation character- 
istic of subject 1. The frequency change also fol- 
lowed a similar time course. The SV time course is 
consistent with data in the literature.5* The time 
course of the frequency does not appear to be docu- 
mented elsewhere. 


The data for subject 3 (Fig. 9) began 65 seconds 
after commencement of irrigation. These data, 
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Fig. 11. Plot of slow phase velocity (SV) as a function of 
gaze angle for the sampled nystagmus beats from subject 4. 
The dots represent 26 beats occurring between 210 seconds 
and 300 seconds for one sweep of gaze from right to left. 
The x’s represent 30 beats occurring from 180 seconds to 
210 odka a and 300 seconds to 345 seconds. The solid line 
is a linear regression (a= 27.61, b=0.61, r= 0.84) of the 
data shown by dots. 


nonetheless, had the best fit to a linear regression 
line and followed Alexander’s law. It is probable 
that the SV for this subject reached a steady state 
prior to the beginning of the data. Otherwise the SV 
would have increased as gaze was changed from the 
far right, to center, and to the left. Also, since the 
SV path was retraced with multiple right and left 
sweeps of gaze, and since the nystagmus first ap- 
peared much sooner than average, the subject’s SV 
and frequency were most probably adapted. 


The SV data for subject 1 (Fig. 10), on returning 
from left to right gaze, did not conform to the SV 
line established when gaze initially changed from 
right to left. The reduced SV on returning to right 
gaze was possibly due to a minor fluctuation of the 
SV, even when it has adapted.® Other possibilities 
are diminished attention of the subject or variation 
of the caloric stimulus. 


The SV data for subject 4 (Fig. 11) had high val- 
ues initially for variations of gaze and did not fol- 
low Alexander’s law. However, for a subsequent 
gaze variation from right to left, Alexander's law 
was obeyed. With the return of gaze to the right, 
Alexander’s law was again violated. These inconsis- 
tencies may have been due to fluctuations in the 
adapted state, late-occurring adaptation, fluctua- 
tions in the subject’s mental state, or variation of 
the applied stimulus. 
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Fig. 12. Plot of slow phase velocity (SV) as a function of 
gaze angle for the 66 sampled nystagmus beats from sub- 
ject 2 with multiple sweeps of gaze from one side to the 
other. The solid line is a linear regression (a= 17.46, 
b = 0.47, r=0.85) of data, shown by the dots, from 43 
samples. The dashed line is a linear regression (a = 22.51, 
b = 0.89, r = 0.84) of data, shown by x’s from 23 samples. 


The SW data for subject 2 (Fig. 12) were unique. 
In addition to being considerably smaller than for 
the other subjects, they were in agreement with 
Alexander’s law for center and left gaze but not for 
right gaze. This “hemifield reciprocity” has not, to 
our knowledge, been reported in patients with 
pathological vestibular end-organ nystagmus. In- 
terestingly, the slope of the SV versus gaze line in 
left gaze was similar to the slopes of the correspond- 
ing lines for all the other subjects. Since this entire 
SV line was followed quite well with multiple right 
and left sweeps of gaze, we feel that the decrease of 
SV with rightward gaze is a biological anomaly. 


The SV data for the remaining three subjects 
(5-7) were quite similar to the data from subject 3. 
Their mean is shown by the heavy solid line in 
Figure 8. The SV data for two of the special cases 
mentioned above (subjects 1 and 4) are very similar 
to that of the four mentioned above (3, 5-7). In fact, 
the mean SV line for subjects 2, 3-7 compares very 
closely with the mean SV line for subjects 3, 5-7. 


Figure 13 is a superposition of the mean SV line 
for subjects 3, 5-7 and the initial results from the 
model (with amplitude converted to SV). The in- 
duced vestibular nystagmus SV was linear within + 
20° of gaze, as we assumed in the model; the magni- 
tudes of the actual and model SVs were also in close 
agreement. The linear extrapolations beyond + 20° 
are merely to simplify comparison with the model; 
this region needs further investigation. It is not 
known what extent of canal deficit is needed to 
mimic the caloric-induced third degree nystagmus. 
In each subject, the effective degree of deficit pro- 
duced was probably different as a result of 
biological variation and different thermal conduc- 
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tivity properties of the meatus and petrous bone. 
This probably accounts for the .intersubject dif- 
ferences in SV (Fig. 8). The fact.that the slopes were 
quite similar and the lines were nearly perallel but 
separate, supports another assumption of the mod- 
el. The mean frequency (3.2 Hz) of the nystagmus 
for all the subjects (except no. 2) tested was both 
constant (not a function of gaze) and also of similar 
magnitude to the frequency (3.33 Hz) assumed in 
the model. The parameters in the model can now. be 
adjusted slightly so that the SV slopes ard the fre- 
quencies are equivalent to those obtained experi- 
mentally. 


The phenomenon which constitutes Alexander’s 
law is the natural consequence of our brainstem 
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neural circuitry. What might be the biological ben- 
efits of having a neural network so constituted? We 
speculate that it might be to enhance the vestibulo- 
ocular reflex (VOR) and, in pathological vestibular 
states, to minimize nystagmus. With head rotation, 
the eyes deviate in the direction of the fast phase.’ 
The SV would therefore be greatest with the eyes 
deviated in that direction. Consequently, the gain 
of the VOR (SV/rotation velocity) would be 
greatest, thereby maximizing the performance of 
this reflex. In clinical cases of labyrinthine dysfunc- 
tion, the eyes usually deviate in the direction of the 
affected side,” away -from the fast phase of the 


` resulting nystagmus. Thus, the SV of the nystagmus 


and the visual impairment would be minimized. 
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FAMILIAL LARYNGEAL ABDUCTOR PARALYSIS WITH 
PRESUMED AUTOSOMAL DOMINANT INHERITANCE 
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V. VENTRUTO, MD 
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NAPLES, ITALY 


The etiology of Gerhardt’s syndrome is uncertain. With the present work the authors present a hereditary form of this syndrome, 
which was found in three subsequent generations with autosomal dominant transmission. 


INTRODUCTION 


Paralysis of the dilatators of the glottis, known as 
Gerhardt’s syndrome, ' has been the object of atten- 
tion by many authors and clinically its nosology has 
been determined. However, there is still uncertain- 
ty about its etiology. 


In the past a luetic etiology of the lesion was sug- 
gested. Possible causes have been attributed to dis- 
eases of the central nervous system, both irritative 
and dystrophic (amyotrophic lateral sclerosis, mul- 
tiple sclerosis, epidemic encephalitis, poliomyelitis): 
to acute viral infections and vascular encephalo- 
pathies; and to toxic agents (lead, nicotine, alcohol) .’ 
The cases now showing an evident etiology are as- 
sumed to be cryptogenetic forms. In fact, statistics 
show a high percentage of cases, especially among 
young people, in which the syndrome cannot be 
related to any recognized etiological agent. The 
present study documents a familial form of the af- 
fection, and suggests the possible genetic nature of 
the syndrome, at least in some cases. 


CLINICAL OBSERVATION 


The family was partially studied in the past,*” 
and its pedigree is shown in Figure 1. There are five 
recognized affected subjects in three subsequent 
generations. Apart from respiratory troubles they 
all show a normal phenotypic aspect and normal 
psychic development. Two of them have congenital 
clubfoot. 


Three adult subjects were treated surgically for 
asphyxia, one by cordectomy and two by arytenoid- 
opexy. For the other two, the respiratory conditions 
have not required surgical treatment at present. 
The age at the onset of the respiratory problems 
varied from case to case. The oldest (58 years) was 
treated by cordectomy about 20 years ago and two 
of his children (Fig. 1, III 4 and III 5) were treated 
by arytenoidopexy at 18 and 16 years of age respec- 


tively. Two other children (Fig. 1, HI 2 and III 3) 
died from asphyxia, one at birth and the other a lit- 
tle later. before a diagnosis was made. The laryn- 
geal pieture in all subjects examined showed bilat- 
eral paralysis with the vocal cords in adduction (pa- 
ralysis øf the posterior cricoarytenoid muscles). The 
laboratory data, the EEG and the neurologic find- 
ings were inconclusive. Furthermore all the patients 
had normal results on audiometric tests. The karyo- 
type test was normal. 


DISCUSSION 


In the family examined the hereditary feature of 
the syncrome seems evident. The presence of af- 
fected individuals of different sex in three subse- 
quent generations suggests autosomal dominant in- 
heritance. In the third generation, all the siblings 
were affected. However, in relation to the variable 
expression of the gene in terms of age at onset and 
severity of disease, it should be noted that nongene- 
tic factors also may have had an important role. 


As to the pathogenesis we agree with Plott, ac- 
cording ‘o whom the dysgenesis should be searched 
out at the nuclear level and, more precisely, in the 
median portion of the nucleus ambiguus where are 
found the cells from which depart the fibers for the 
posterior cricoarytenoid muscles. The dysgenesis 
would affect this portion of the nucleus ambiguus 
bilaterally. The possibility that the lesions can com- 
promise other regions of the supranuclear nervous 
system must be excluded. In fact it seems unlikely 
that the dysgenesis may have affected the cortico- 
bulbar tracts involving only the fibers of the poster- 
ior cricoarytenoid nucleus. 


Publications on the inheritance of Gerhardt’s syn- 
drome are very rare.° The family described by 
Plott® as well as the patients reported by Walters 
and Fitch’ were all males with suggested x-linked 
recessive or male limited autosomal dominant in- 
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| heritage. The nani was associated with men- 

tal deficiency and mild deafness. In th2 family 
reported here, all the affected subjects show normal 
psychic and intellectual development with no com- 
promise of auditory function. This strongly suggests 
the presence of heterogeneity in this disorder. It is 
therefore desirable that more contributions be pub- 
lished, leading, in the future, to a better kcowledge 
of the hereditary aspects of the disease. 


SUMMARY 


The authors report a familial congenital paralysis 
of the laryngeal abductors in seven members of 
three subsequent generations. The affected subjects 
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Fig. 1. Pedigree of family. 


showed the disease at different ages, and the ser- 
iousness of the respiratory troubles also varied 
among individuals. Two of them died from asphyx- 
ia (one at birth); three were treated surgically as 
adults (one by cordectomy, two by arytenoidopexy). 
In the other two the disease is not very serious at 
present and does not require surgical treatment. In 
all the subjects the clinical tests and all the 
laboratory data are inconclusive. The pedigree is 
compatible with autosomal dominant transmission. 
The present work suggests that 1) Gerhardt’s syn- 
drome is possibly a heterogeneous disorder, and 2) 
the inheritance pattern, in the rare familial cases, 
seems to be autosomal dominant, although multi- 
factorial inheritance cannot be excluded. 
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TRACHEOESOPHAGEAL FISTULA 
A COMPLICATION OF FOREIGN BODY 


M. N. OBIAKO. MD 


ENUGU, NIGERIA 


The case presented is one in which a coin in the esephagus resulted in a tracheoesophageal fistula. It is of interest not only because the 
occurrence is unusual, but also because the coin remained in the esophagus for an extraordinarily long period before the condition became 
symptomatic. The various factors responsible for the delay in getting medical help, including the nonavailability of medical services in 


many parts of Nigeria, are discussed. 


CASE REPORT 


A 9",-year-old male was referred from a mission hospital in one 
of Nigeria’s 19 states with a diagnosis of foreign body in the 
esophagus complicated by tracheoesophageal fistula. Compre- 
hensive radiological studies accompanied the patient. A lateral 
chest x-ray film revealed a coin in the midthoracic esophagus 
(Fig. 1). Barium x-ray film showed barium in the lower lobe of 
the right lung, implying an esophagotracheobronchial fistula 
(Fig. 2). The history was inadequate and the exact time the 
foreign body was swallowed cannot be determined. 


The first symptom noticed was coughing at about agetwo years 
(1972). The patient was treated for this until 1974 when chest 
x-ray films revealed a coin in the chest. The attendant doctor 
referred the patient to a specialist center for further management. 
The parents did not do as the doctor directed; instead they took 
their son home where it was agreed at the village level that the 
coin would find its way out with the feces. For this reason the pa- 
tient received no medical attention for four relatively symptom- 
free years. The coughing started again some time in 1978 and 





Fig. 1. Lateral x-ray film of chest showing coin ia mid- 
thoracic esophagus. 





culminated in May 1980 in hemoptysis and hematemesis. On June 
25, 1980, he turned up at a hospital with a letter from his school 
headmaster threatening to dismiss him from school as a case of 
suspected pulmonary tuberculosis. 


On examination the patient appeared small for his age, ob- 
viously undernourished, dehydrated, and clinically anemic. He 
was febrile (38.8° C) with normal pulse rate (100/minute). The 
chest wall was not deformed, although reduced air entry through- 
out the anterior chest wall was noted. Dullness to percussion 
marked the right (R) lower zone posteriorly. Reduced air entry 
was noted in the left (L) lower zone posteriorly and the R lower 
zone anteriorly and posteriorly. Bronchial breath sounds were 
heard in the L middle zone and R midparasternal border, and ex- 
piratory rhonchi in the R middle zone posteriorly. Laboratory 
studies produced the following values: hematocrit, 66.5%; WBC 
10.200/eu mm, with 67% polymorphs, 30% lymphocytes, and 
3% eosinophils; sedimentation rate (Westergren) 20 mm/hour. 
Sputum was purulent, tuberculosis test negative (albuminose-free 
tuberculin), and Paragonimus ova absent. Clinical findings were 
obviousty related to the barium swallow finding. 


The patient was placed on systemic Amplicox as well as 
hematinics. He also received dextrose and normal saline intraven- 
ously. Beeding by mouth was restricted to occasional semifluids 
which now and again resulted in paroxysms of coughing and 
choking. After two weeks there was marked improvement in his 
general condition although he still had frequent episodes of 


~~. 


Fig. 2. Barium swallow film showing esophagotracheo- 
bromchial fistula (right). 
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Fig. 3. AP x-ray films of chest and abdomen showing A) coin at cardioesophageal junction, and B) foreign body in the 
colon 2 days after film in A. 


hemoptysis and hematemesis. It was, however, considered safe to 
subject him to esophagoscopy under general anesthesia, and en- 
doscopic extraction of the foreign body was attemoted. The 
esophageal lumen was filled with blood mixed with pus oozing 
from areas of ulceration and periesophageal abscess. Fassing the 
esophagoscope provoked even more bleeding from the ulcerated 
areas of the esophagus. In spite of constant suction the zoin could 
not be seen; apparently it had been dislodged and pushed further 
down during the procedure. An x-ray film taken curing the 
operation showed the coin at the cardioesophageal junetion (Fig. 
3A). It continuec to move (Fig. 3B) and was passed four days 
after the operation. The patient lost a large quantity of blood. He 
was kept on antibiotics and one week after the procedure he was 
cautiously introduced to a meal of semifluids. At first soft foods 
produced violent coughing, but this gradually eased off, the 
bleeding stopped, and the patient was up and about. 


DISCUSSION 


This case of tracheoesophageal fistula cue to a 
foreign body is presented because of its othe- unusu- 
al but rather interesting aspects. It is noteworthy 
that the foreign body was a coin, which reportedly 
is the most common foreign body found in 
children.” The assertion that poor children who 
are left to feed themselves at an early age are more 
liable to swallow foreign bodies® than others is here 
supported. The patient is 1 of 9 children from a very 
poor family. The coin remained in the esophagus 
for well over seven years, an unusually long period 
which surpasses by over two years a case reported 
previously.’ Foreign bodies in the air and food pas- 
sages usually give dramatic and alarming symptoms 
which prompt patients to seek immediate medical 
help. When the impacted foreign body is a coin. 
however, the patient may remain asymptomatic for 
a long time. Some foreign bodies in the throat have 
been found by accident.'?'? This patient started 
coughing at the age of about two years (1572) and 
continued until 1974 when, in the course cf symp- 
tomatic treatment, the diagnosis of coin in the chest 


was made. Although the coin was not extracted. he 
seemed to be svmptom-free until 1978 when he 
started coughing again. The period is so unusually 
long that there can be some doubts as to whether 
the patient was actually asymptomatic at that time. 
The fact that he is very small for his age (115 cm, 17 
kg) suggests that he may be undernourished due to 
dysphagia. 


The various forms of congenital tracheoesoph- 
ageal fistula and esophageal atresia and their 
management are well documented.'**'* Acquired 
tracheoesophageal fistulas, on the other hand. are 
far less frequent and most often associated with 
malignant diseases. Other causes of acquired fis- 
tulas include infectious diseases of the esophagus, 
trachea, or pleura, such as tuberculosis, syphilis, 
actinomycosis, suppurative esophagitis, nontuber- 
culous empyema, esophageal diverticula and eso- 
phagomalacia.'* Traumatic perforation of the 
esophagus as well as intrapleural surgical pro- 
cedures for nonmalignant diseases have caused 
tracheoesophageal and esophagopleural fistulas. '*!” 
Acquired tracheoesophageal fistula as a result of a 
foreign body seems to be relatively infrequent; this 
literature search revealed only one similar case, a 
fistula due to a piece of bone which lodged in the 
anterior esophageal wall'*® and perforated it. The 
coin, on the other hand, caused a breakdown of the 
esophageal wall by the localized inflammatory 
reaction. "° 


Many factors would appear to be responsible for 
the delay in getting medical help and thereby pre- 
venting this serious complication. In 1974 when a 
diagnosis of coin in the chest was made, the attend- 
ing doctor directed the patient to a specialist center 
for further management. The parents did not do as 
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directed, most certainly because of financial con- 
straints. The patient is 1 of 9 children and the father 
a poor farmer. Specialist centers in otolaryngology 
are few and far between in Nigeria. Often one has 
to travel hundreds of kilometers and spend a lot of 
money to get to such a center. It must have been a 
big relief to the parents when, at the village level, 
they were assured that the coin would probably be 
passed. The fact that the patient was asymptomatic 
at the time further management was recommended 
must have made it difficult for them to understand 
or believe the doctor. On the other hand, the deci- 
sion at the village level must have looked quite 
reasonable. The patient started coughing again in 
1978, four years after the diagnosis of coin in the 
chest was made, and long after the details of that 
episode must have been forgotten. They did not 
relate the cough to the foreign body. Upper respira- 
tory tract infection with a cough is a common 
phenomenon which villagers usually treat with a 


cough mixture from the local market. 


Ancther factor responsible for the delay is the 
absence of cheap medical services in many areas of 
Nigeria. Private hospitals are beyond the reach of 
the poor. Medical centers are ill-equipped, poorly 
staffec, and mostly without drugs. General hospi- 
tals are not accessible because of transportation 
problems and even at the hospitals one may spend a 
week without seeing a doctor. Patients, therefore, 
go to a hospital as the last resort after quacks and 
self-medication have failed. This is why many pa- 
tients seen in hospitals are in late or terminal stages 
of thesr illnesses. In the case reported, hemoptysis 
and hematemesis were not considered serious 
enough for the parents to seek medical help. It was, 
instead, the threat by the headmaster to expel their 
son from school because of suspected pulmonary tu- 
berculosis that at last compelled them to go to the 
hospital. 
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Die a yei, nétiod oe December 1978, we =ncountered 27 cases of otitis media secondary to ampicillin-resistant Hemophilus 


l a This. represëiits 19%. of the 139 Hemophilus isolates obtained by tympanocentesis. In agreement with data from Huntsville, 


gen. 


Disease caused by ampicillin- resistant strains of 
Hemophilus influenzae. was first reporfed in 
1974.!-* Currently, 10 to 20% of systemic and up- 
per respiratory tract disease in many parts of the 
United States and of the world is associated with 
this ampicillin-resistant pathogen.** In an earlier 
communication, we summarized our exp2rience 
with H influenzae as a cause of acute otitis media.‘ 
The purpose of this report is to update our experi- 
ence. 


METHODS AND MATERIALS 


During a 2-year period ending December 1978, m ddle ear 
cultures were obtained from 444 children with acute otitis media. 
(Otitis media is defined as fullness or bulging of the rympanic 
membrane with loss of ossicular landmarks.) Ages ranged from 1 
month to 17 years; 50% of these children were less than 24 
months of age. The study population was composed of p-edomin- 
antly middle class, suburban children seen in a private pediatric 
office. These 444 children represented about 18% of all cases of 
otitis media seen by one pediatrician who collected the middle ear 
specimens. Myringotomy was performed as described ir a recent 
article by one of the authors.’ Standard microbiological methods 
were used in this study with modifications as previously de- 
scribed.* Using a simplified chromogenic cephalosporfa techni- 
que, representative Hemophilus colonies growing in prcximity to 
the ampicillin disc were tested for 8-lactamase producticn.’ Mini- 
mum inhibitory concentration (MIC) for all strains was deter- 
mined at a reference laboratory using an agar dilution method. 


RESULTS 


Middle ear cultures were obtained frcm 444 
children during the 2-year study. The table depicts 
the results of the cultures for each year of the study. 
There were approximately equal numbers o= Strep- 
tococcus pneumoniae (29%) and H infiuenzae 
(31%) isolated from the middle ear. We were un- 
able to recover a pathogenic isolate from 34 % of the 
middle ear specimens. This is in accordance with 
the findings of other investigators. Group A strep- 
tococci were isolated from 3% of the series. 





Alabaina, Bostoni; and Pittsburgh, we estimate that as of 1978, approximately 4% of all cases of acute otitis media are caused by this patho- 


Whereas in 1977, 11 of 70 (16%) H influenzae re- 
covered from the middle ear were ampicillin-resis- 
tant, in 1978, 16 of 69 (23%) were ampicillin-resis- 
tant. All the isolates were resistant to ampicillin by 
the disc sensitivity method. All strains produced 
6-lactamase (a penicillinase enzyme), and of the iso- 
lates available for MIC 90% were confirmed resis- 
tant by this method and had MIC of =3.12 pg/ml. 
The proportion of all Hemophilus recovered from 
middle ear aspirates did not differ significantly 
from that of S pneumoniae. 


DISCUSSION 


Since 1970 at least six reports presented data on 
the microbiology of acute otitis media.'°"* In these 
studies, H influenzae was isolated from the middle 
ear in 25-30% of children who presented with signs 
of acute otitis media. While there have been several - 
individual case reports of ampicillin-resistant strains 
of H influenzae as a cause of otitis media,’* only 
two previous reports contain substantial numbers.**® 
Syriopoulou et al have reported that 16% of middle 
ear isolates obtained in Boston and Huntsville, Ala- 
bama, were H influenzae ampicillin-resistant.’” C. 
Bluestone (personal communication), on the other 
hand, estimates that 3% of children with acute 
otitis media seen at Pittsburgh Children’s Hospital 
have ampicillin-resistant strains of H influenzae 
recovered from their middle ear. In our previous re- 
port, we had estimated that 8% of all cases of otitis 
media in our area are caused by these ampicillin-re- 
sistant organisms.” Our initial estimate, based on 
the first eight months of 1977, may have been too 
high. A certain element of bias may have existed 
due to our selection method, since children seen at 
the initial acute visit who had a noticeable bulging 
of the tympanic membrane with concomitant inten- 
sified fever or pain, and those children who had 
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H Influenzae 


Number of Sensitive to Resistant to Group A B Hemolytic 
Myringotomies Ampicillin Ampicillin Pneumecoccus Streptococcus No Growth Other* 
1977 270 59 1] £3 6 100 -e H 
1978 174 53 16 46 6 49 1 be 4 
Totals 444 112 27 12 12 149 15 
(25 % ) (6%) (29 % ) (3%) (34 % ) (3%) 


31% 


“Includes 5 polymicrobic infections, H influenzae, in addition to S pneumoniae, and a number of Neisseria species and Pseudomonas. 


failed to improve objectively after a course of am- 
picillin or amoxicillin, were more likely to undergo 
diagnostic paracentesis. If one were to aspirate con- 
sistently only those patients who failed to improve, 
a greater yield of H influenzae could have resulted. 
Of the 720 cases of acute otitis media seen by only 
one member of the group in 1978, 174 (24%) under- 
went myringotomy. Sixteen of 174 (9%) yielded 
ampicillin-resistant Hemophilus from the middle 
ear aspirate. However, in 1977, when we used less 


restrictive criteria for performing myringotomies, 
cultures from only 4% of such myringotomies 
yielded ampicillin-resistant H influenzae. 


Recent treatment with ampicillin or amoxicillin 
in a child presenting with signs of a bulging, yellow- 
colored drumhead is likely to be associated with 
ampicillin-resistant H influenzae. Given such a 
clinical situation, we have been able to obtain H in- 
fluenzae from at least 35% of the children. 
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sion or movement. The impedance change was 

The patient was seen a year later, with no change 
in the tinnitus. The audiological results were again 

Four months later the patient returned with the 
report that since learning of the possibility of volun- 
tary middle ear muscle contraction, she had discov- 
ered that, if she concentrated, she was able to pre- 


equal in both ears, and did not occur when eyes re- 
made not to blink (Fig. 1). No etiological explana- 


tion could be made for this reaction. 
normal, except for the large impedance changes as- 


sociated with blinking. In counseling the patient, 
contraction of one of the middle ear muscles, 


though it was unknown why the contraction oc- 
curred with blinking. It was also mentioned that 
some people can contract their middle ear muscles 
voluntarily.” * 

vent the rushing tinnitus that had been associated 
with eye blinks. It sometimes still occurred if she 


mained closed and relaxed, with a conscious effort 
the tinnitus was explained as probably a result of 


blinks, without any detectable facial or neck ten- 
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-CONDITIONED MIDDLE EAR MUSCLE TINNITUS 
A case of bilateral middle ear muscle contraction tinnitus associated with eye blinks is presented. It is hypothesized that the association 


7 " représents a conditioned middle ear muscle response. 
A 32-year-old female presented with corcplaints 


of itching ears, ear pressure, nasal congestior., and a 


, Williams" reported an unusual case of unilateral 
fluctuating tinnitus due to stapedial muscie con- 


traction synchronous with eye blinks, following 
traumatic seventh nerve injury. Exploratory tym- 
panotomy confirmed the stapedial contraction, and 


lysis of the. stapedial-tendon relieved the arnoying 
rushing noise in the ears every time she blinked. The 


periodic rushing tinnitus became extremely annoy- 


quent congestion. Her medical history was entirely 
negative for any episode of facial palsy or neurologi- 


ing whenever she tried to relax quietly. The otolar- 
yngological examination was entirely norma_ except 
for a septal deviation, the apparent cause of fre- 
cal disorder. Audiological evaluation indicated nor- 
mal pure-tone thresholds, word discrimination, 
tympanometry, and reflex thresholds bilaterally. 
Large changes in impedance occurred with eye 


another case of tinnitus due to middle ear muscle 


blinks. We would like to relate our experienze with 
contraction occurring with eye blinks. 


change in tinnitus which was associated with eye 
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. Recording of im- 
ut blinking. 
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BASELINE—BLINKING 


(cm?) 


N 
COMPLIANCE 


t a t t t 


VOLUNTARY 


Fig. 2. A) Recording of baseline impedance while pa- 
tient blinks. B) Recording of impedance changes with 
voluntary middle ear muscle contraction, without blink- 


ing. 


was not making an effort to stop it. Impecence re- 
cording demonstrated complete voluntary control; 
she could blink without impedance change (Fig. 
2A) or could produce a large impedance change at 
will (Fig. 2B). Three months later, anotier visit 
with the patient elicited a subjective impression 
that her control of the tinnitus was stil good. 
Repeat tests again resulted in normal tympanom- 
etry and impedance changes very similar to those 
seen in Figure 2. 


Otological examination during voluntary middle 
ear muscle contractions indicated that the tympanic 
membrane was being drawn inward by the contrac- 
tion. Tensor tympani muscle contraction is sug- 
gested in this patient because of the inward tym- 


panic membrane movement and the fact that the 
impedance change seen with voluntary contraction 
was larger than that demonstrated by maximum 
acoustic stimulation.* 


A normally voluntary response can be cofiditioned 
to occur involuntarily by pairing of an uncondi- 
tioned stimulus and a conditioned stimulus in be- 
havioral conditioning paradigms. The normal 
acoustic middle ear muscle reflex in cats has been 
conditioned to occur in response to a visual stimulus 
alone, which was first paired with an acoustic stim- 
ulus.° 


Our patient related to us her belief that she learned 
to contract her middle ear muscles in an attempt to 
relieve the pressure sensation in her ears. The 
following sequences are hypothesized: 

l. Behavioral attempt to relieve pressure— leads 
to— middle ear muscle contraction. 

2. Behavioral attempt to relieve pressure and sim- 
ultaneous blink— leads to— middle ear muscle con- 
traction. 

3. Eye blink— leads to— middle ear muscle con- 
traction. 


It is thought that the attempt to clear pressure 
became associated with blinks by frequent simul- 
taneous occurrence as in the second step above, and 
that her problem represents a conditioned middle 
ear muscle response. Counseling the patient and 
self-modification of her behavior allowed allevia- 
tion of her tinnitus complaint without necessity for 
any other treatment. 
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* Siidden hearing loss from stmultaneous rupture of both oval and round windows, occurring in the only hearing ear of a child, is 
described: The-condition was surgically managed with recovery of hearing. Of particular note was the presence of air aspirated into the 


e Sulta duptar of both oval and round 
windows of the inner ear associated with aspiration 
of air into the labyrinth has not previously been re- 
ported. This paper describes such a case managed 
: by prompt surgical intervention resulting în recov- 
_ ery of hearing. An attempt is made to explain the 
findings and occurrence of this phenomenon. 


CASE HISTORY 


A 4'h-year-old male presented to the Pediatric 
Otolaryngology Division of the Departmen: of Oto- 
rhinolaryngology at the University of Michigan 
with a history of stable, profound, senscrineural 
hearing loss in his left ear since birth. The parents 
had been told that this was a congenital loss and he 
had developed speech and language normally. Au- 
ditory thresholds and discrimination scores in his 
right ear had been normal throughout his life. 


Ten days prior to admission, he had slipped while 
playing, bumping his head lightly on a padded sofa. 
There was no loss of consciousness or dizziness, but 
an immediate complaint to his mother of a buzzing 
noise in both ears. An audiogram was performed at 
another center and showed slight depression of 
hearing levels in all frequencies in the right (and on- 
ly hearing) ear and no change in the cepressed 
thresholds of the left ear. During the ensuzng week 
some difficulties in understanding speezh were 
noted by the parents and a further audiogram 
showed an additional 10-dB drop in rure-tone 
thresholds with a fall in speech discrimination 
abilities from 96% to 92%. 


The child was again seen at the University of 
Michigan where a complete physical examination 
revealed no abnormal findings other than -zhe hear- 
ing loss (Fig. 1). He had a negative fistula test and 
no Hennebert sign despite testing with the im- 
pedance bridge, Frenzel glasses, and electronystag- 
mography. No caloric testing was performed. 


tet ret meea 
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ee 2 labyrinth at the time of membrane rupture, which has rot previously been described. The possible mechanisms and some clinical correlates 
associated with’ anatomic predisposition to such ruptupe are discussed. 


Following admission, thorough serologic and bio- 
chemical evaluations were performed revealing no 
abnormal findings. Thin-section laminography of 
both ears, obtained in anteroposterior and lateral 
projections, revealed the startling finding of a com- 
pletely air-filled posterior semicircular canal (Fig. 
2). Due ta technical problems, posterior sections in 
the anteroposterior mode could not be completed 
and further x-ray studies were obtained two days 
later in this mode revealing resorption of the gas. 
No ossicular, cochlear, or vestibular labyrinthine 
abnormality was seen. 


Clinically, there appeared to be a fluctuation in 
the sensorineural level of hearing in the right ear. In 
particular, it was noted that it was more difficult to 
communicate with the patient in the morning, but 
that in the afternoon he could understand speech 
well, This was documented by serial audiograms 
which showed a depression of all pure-tone levels 
and speech testing in the morning (SRT 45 dB, dis- 
crimination 86% ) and an elevation in the afternoon 
(SRT 35 dB, discrimination 96%). This was consis- 
tent throughout two days. Further vestibular test- 
ing revealed no spontaneous nystagmus throughout 
the period of observation. 


The hospitalization was complicated at this point 
by the onset of chicken pox from which the child 


` made an uneventful recovery during the course of a 


week. Following recovery from this unrelated infec- 
tious disease, he was taken to the operating room 
with a working diagnosis of a perilymphatic fistula 
and a tympanotomy was performed. A general an- 
esthetic, supplemented by local anesthesia, was re- 
quired. The findings revealed a malformation of the 
round window niche such that the round window 
appeared to be a funnel-shaped hole approximately 
three times normal size and extending deeply into 
the temporal bone. In its depths, perilymph could 
be seen welling out of this region and it appeared 
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FREQUENCY (Hz) 
125 250 500 i000 2000 4000 8000 


HEARING THRESHOLD LEVEL (dB) 


SPEECH 
DISCRIM 


Fig. 1. Audiogram on day of admission to the hospital 
showing a profound hearing loss in the left ear, unchanged 
from previous tests, and an irregular sensorineural loss in 
the right ear not apparent on previous tests. 


that the round window membrane did not lie in its 
normal axis but had been ruptured and was com- 
pletely visible to the operating surgeon (Fig. 3). 


Following routine exposure of the oval window, a 
malformation of the stapes crura was seen. The an- 
terior crus lay in normal position, but the posterior 
crus joined the footplate almost at its center point. 
The posterior half of the footplate, therefore, could 
easily be seen under a normal stapedius tendon and 
centrally within this half was a dehiscence with a 
thin layer of mucous membrane overlying it. Fluid 
was not observed leaking from this dehiscenee (Fig. 
3). Following gentle scarification of the mucosa in 
the region of both round and oval windows, fat 
from the posterior earlobe was placed under the 
stapedius tendon anteriorly and under the crura 
and was reinforced with Gelfoam. The round win- 
dow niche was similarly plugged and fortuitously a 
large central bony trabeculum bridging the window 
secured this fat in place. The tympanotomy flap 
was then replaced. 


Postoperatively, a 512-Hz tuning fork lateralized 
to the operated ear and the patient could converse 
easily with his parents. He said that his hearing felt 
improved. The buzzing tinnitus, which he had no- 
ticed in the operated ear, had disappeared. 


On the first postoperative day an audiogram was 
obtained showing almost normal sensory thresholds 
and a conductive hearing loss compatible with a 
tympanotomy having been performed. In further 
serial audiograms the air-bone gap had closed with 








ka 


Fig. 2. Lateral laminographic x-ray film of the right ear. 
Theposterior semicircular canal (arrows) appears in stark 
contrast due to air within the canal. A - Anterior; P -Pos- 
terior. 


resolution of blood and serum from the middle ear 
space (Fig. 4). Hearing was at this time stable. 


The patient suffered an identical dramatic hear- 
ing loss in the right ear 3'/, months following explor- 
ation and repair of the simultaneous round and oval 
window fistulae. Audiometry revealed a “carbon- 
copy” sensorineural hearing loss when compared to 
his previous loss. No radiologic study was under- 
taken. 


Right tympanotomy and repair of a smaller re- 
current round window perilymph leak were per- 
formed. The previous repair with lobular fat was 
intact except inferiorly in the round window niche 
where the atrophied fat membrane was adherent to 
the tympanic membrane. The impression was that 
this dense adherent membrane had retracted out- 
ward and allowed a further perilymphatic leak. 
The fistula was repaired with layered temporalis 
fascia. 


Five days postoperatively an audiometric study 
revealed sensory levels within normal limits in the 
operated ear and a 20 dB air-bone gap with normal 
discrimination score. Spontaneous very rapid fluc- 
tuation in pure-tone levels with changes in discrim- 
ination were observed for ten days after the repair. 
These occurred within minutes and sometimes dur- 
ing auciometric testing. 


Oral diuretics (hydrochlorothiazide) were tried 
without effect and although a glycerol or urea test 
was considered it was felt that fluctuation within 
minutes from normal (postoperative result) to pre- 
operative levels precluded any significance being 
drawn from a rise in hearing level. 


Two months postoperatively the patient could 
use the telephone and converse normally without a 
hearing aid. He is presently being closely followed 
by another surgeon and documented fluctuation in 
hearing has continued to occur infrequently. Ex- 
ploration of the other ear and an endolymphatic sac 


oe 





a Fig: 3.°Artst’s drawing demonstrating malformations of 
3c, both windows'seen during exploration of the righ- ear. 
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‘procedure to attempt to stabilize the only hearing 


` ear are- being considered.. 


DISCUSSION 


ae Spontaneous perilymphatic fistulae in children 


lave been reported as presenting with meningitis or 
sudden‘ hearing loss with or without vestibular 
symptoms. Spontaneous fistulae have also been rec- 
ognized associated with mild physical exe-tion, al- 
though no specific reports in children o? sudden 
hard physical exertion or barotrauma have been 
documented. Reported fistulae due to travma have 
occurred in adults. In an excellent review of re- 
ported cases in children, Grundfast and B_uestone' 
indicate that 2 of 5 cases had congenital malforma- 
tions of either the oval or round window. Their de- 
scription of these anomalies occurring individually 
corresponds very closely to the malformazions ob- 
served in our patient. 


Although the pathogenesis of spontanesus peri- 
lymphatic fistula is unknown, three physiologic 
processes are accepted as important in the genesis of 
such fistulae. These are the so-called implcsive, the 
explosive, and the mechanical-predisposition types 
of injury. Pashley and Shapiro in 1978? reported the 
last type of rupture, describing an anatomic defect 
in the stapes which they felt predisposed the oval 
window to rupture in an overloaded region of the 
footplate. Clinically, their case was noteworthy for 
its paucity of clear vestibular symptoms or signs. 
Although bilateral hypofunction was seen with 
caloric testing, the fistula test was negativa and no 
consistent spontaneous nystagmus was found. Fur- 
thermore, there was no complaint or sign cf vertigo 
from the patient. Similarly, negative fistula test 
results and an absence of vertigo were found in the 
two cases of congenital malformation of a window 
reported by Grundfast and Bluestone. ' 


In this case vestibular symptoms and s:gns were 
absent also, which contrasts with reports of many 
authors of implosive or explosive types of fistulae in 
which vestibular signs and symptoms were definite- 
ly present and occasionally resolved follewing re- 
pair of the fistula. This case provides a clinical cor- 
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Fig. 4. Audiogram three months following exploration and 
repair of the simultaneous round and oval window fistulae 
in the right ear. A small air-bone gap remains but the sen- 
sory responses are restored and maintained at levels present 
on the audiogram performed at another center two years 
prior to the sudden rupture. A conductive hearing loss is 
present in the opposite (left) ear in the lower frequencies 
suggesting the presence of an identical anatomic anomaly. 
An exploration of this ear is under consideration. 


relate not previously documented and may lend 
support to the assertion by Goodhill’ and Simmons‘ 
that rupture of a window may cause excessive stress 
on the intracochlear membranes. If the stress caus- 
ing the initial window rupture is slight (mechanical 
predisposition), then the force transmitted through 
the intracochlear fluids will be less and the fluid 
wave exerted on the intracochlear membranes will 
be decreased. (A sudden implosive or explosive in- 
jury would normally cause a massive wave with 
dire consequences for the intracochlear and labyrin- 
thine membranes and great potential for vestibular 
symptoms and hearing loss.) Theoretically, an im- 
proved prognosis for hearing might be anticipated 
in the mechanical predisposition group; this is dem- 
onstrated by Pashley and Shapiro’ and in this case 
report. 


It is radiologically apparent that a massive fluid 
shift associated with a surge of air into the labyrinth 
occurred in our patient, which is surprising without 
vestibular symptoms or signs. It is the author's 
postulate that air aspirated into the labyrinth en- 
tered the vestibule via one window in an implosive 
fashion, possibly associated with a Valsalva maneu- 
ver during a minor fall. The air then passed from 
the vestibule into the posterior semicircular canal 
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when the head was positioned face dowr for the 
x-ray film. For air to enter in this manner, and not 
displace the intracochlear membranes in a catastro- 
phic manner, a “pop-off” system for the pressure 
generated must be in effect. Such a release valve 
may be created when the second window is simul- 
taneously ruptured. Massive fluid shift within the 
closed system would then be possible without signi- 
ficant intracochlear membrane injury. Goodhill’ 
has suggested the term “aerodynamic implosive 
fistula” for this type of injury. The relative y minor 
initiating event in our case would further emphasize 
a subcategory of patients predisposed to such in- 
juries. 


When anatomic defects render the oval or round 
window susceptible to rupture, perilymphatic fis- 
tulae in children may occur without antecedent 
physical exertion or significant barotrauma. These 


children have little in the way of vestibular symp- 
toms, and may recover hearing if the fistula is surgi- 
cally repaired. 


In the more recently reported congenital window 
ruptures, and in this report, the children had par- 
tial or complete unilateral sensorineural hearing 
loss prior to sudden loss of hearing in the only hear- 
ing ear. There is reason to suspect, therefore, that 
some unilateral, otherwise asymptomatic, sensori- 
neura! hearing losses in children may be due to pre- 
vious, undiagnosed spontaneous fistulae, perhaps 
associated with the stress of birth, with relatively 
minor head trauma or with abnormal pressure fluc- 
tuations within the cochlea. As yet, no satisfactory 
diagnestic test or combination of tests exists for 
perilymphatic fistulae other than the clinical acuity 
of the otolaryngologist and an exploratory tym- 
panotomy. There is a need to develop a noninvasive 
diagnestic test. 
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PAN AMERICAN ASSOCIATION OF OTORHINOLARYNGOLOGY AND BRONCHOESOPHAGOLOGY 


The XVIII Congress of the Pan American Association of Otorhinolaryngology and Bronchoesophagology will be held November 2-6, 
1982, in San Juan, Puerto Rico. Dr. Hans von Leden has been elected President of the Association. 
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INTRINSIC MALIGNANT SCHWANNOMA OF THE LARYNX 
A CASE REPORT 


HOAVARD L. DELOZIER, MD 


BURLINGTON, VERMONT 


The first case of an intrinsic laryngeal malignant schwannoma is reported. The diagnosis of a malignant schwannoma is difficult to 
establish without gross evidence of its origination in a nerve. Although surgery remains the mainstay of treatment, a combination of 
surgery and radiotherapy appears promising. The prognosis in most cases is poor, with death usually resulting from persistent or locally 


recurrent disease. 


INTRODUCTION 


The incidence of nonepithelial laryngezl malig- 
nancies is extremely low. Krajina’ reviewed over 
6,000 malignant laryngeal tumors and reported the 
incidence of sarcoma to be 0.32%. Ferlito in 1976 
reported an incidence of 0.5% of nonepithelial 
malignancies over a 5-year period at the University 
of Padua. Thomas’ reviewed over 850 primary 
laryngeal tumors from 1968-1977 at the Royal Na- 


tional Throat, Nose, Ear Hospital and found of 708 
malignant neoplasms only 7 were of nonepithelial 
origin, an incidence of approximately 1% 


Although Michaels‘ alludes to one case of malig- 
nant transformation of a primary schwanmoma of 
the larynx, a review of the literature reveals this pa- 
tient to be the first reported case of a primary ma- 
lignant schwannoma of the larynx. 


CASE REPORT 


A 46-year-old male had a left supraglottic mass excised at an 
outlying Vermont hospital in 1970. The pathology report was 
equivocal with the final diagnosis being fibrosarcome. 


The patient was lost to follow-up until April 1978, when he 
presented with a left neck mass. The mass was locally excised, and 
a histologic diagnosis of embryonal rhabdomyosarco na was re- 
ported. It was intended for the patient to have pcstoperative 
radiation therapy, but he was lost to follow-up. Th following 
year the patient reappeared with a recurrence of his neck mass 
and upper airway obstruction. An urgent tracheostomy was per- 
formed, and direct laryngoscopy revealed severe distoction of the 
left supraglottic larynx. The patient was subsequently transferred 
to the Medical Center Hospital of Vermont for furtaer evalua- 
tion. 


On examination, the patient had an 11 x 5 cm firm, slightly 


mobile, nonpulsatile mass involving the entire anter or cervical 
triangle, with fixation to the larynx. There was bulging of the left 
floor of the mouth and base of tongue, secondary to tumor com- 
pression. 


Laryngeal tomograms revealed distortion of the eupraglottic 
larynx bilaterally with obliteration of the left ventr cle and no 
subglottic extension. A barium swallow showed comp ete obliter- 
ation of the left pyriform sinus and no distal esophageal disease. 
The CAT scan (Fig. 1) demonstrated the contiguous involvement 
of the neck mass and laryngeal disease. It also showed the mass to 
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extend superiorly in the lateral pharyngeal space without appar- 
ent involvement of the base of the skull. A carotid arteriogram 
revealed the carotid system to be displaced posteriorly and lateral- 
ly (Fig. 2), Pulmonary tomograms and bone scan demonstrated 
no evidence of metastatic disease. Direct laryngoscopy revealed 
bulging of the left aryepiglottic fold, false cord, and obliteration 
of the left ventricle. The left true cord was paralyzed. There was 
impingement of the neck mass into the lateral hypopharyngeal 
wall with obliteration of the left pyriform sinus. A biopsy of the 
left false vocal cord yielded embryonal cell rhabdomyosarcoma. 


In April 1979, the patient underwent a total laryngectomy and 
left radical neck dissection. At the time of surgery, the tumor was 
found to involve the entire left glottic and supraglottic larynx. It 
extended to the base of the skull and completely infiltrated the in- 
ternal jugular vein at the level of the mandible. The 10th. 11th 
and 12th cranial nerves were engrossed by tumor and were sacri- 
ficed in the en bloc removal of the mass. 

Light microscopy of the resected specimen revealed increased 
cellularity and invasion of the surrounding fibrous tissue (Fig. 
3A). The tumor displayed two distinct histologic patterns. The 





Fig. 1 CAT scan demonstrating contiguity of the neck 
mass with endolarynx (dotted line). Arrow - Contralateral 
lamina of thyroid cartilage. 
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Fig. 2. Left carotid muir: paar A) Lateral and B) pos- 
terior displacement of carotid system. 


first was a loosely cellular myxoid pattern, and the other a more 
palisading configuration (Fig. 3B). The cells were small and 
spindle-shaped with large nuclear to cytoplasmic ratio. There was 
little nuclear pleomorphism and approximately 4 mitoses/10 
high-power microscopic field. 


Due to the clinically aggressive nature of the mass and its histo- 
logic appearance, a diagnosis of low-grade malignant schwan- 
noma was made. Electron microscopy was of no help in establish- 
ing the diagnosis. 


The patient underwent 5800 rads of postoperative radiotherapy 
and remained free of disease for seven months. Recurrent disease 
was then noticed submucosally along the left lateral pharyngeal 
wall and retromolar trigone area. 


* 
’ 
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Fig. 3. Light photomicrographs of surgical specimen. 
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The patient subsequently received both intravenous and intra- 
arterial adriamycin therapy, Which failed to inhibit progressive 
enlargement of the tumor. Following an unsuccessful trial of 
localized radiotherapy, the patient expired ten years after his in- 
itial presentation. 


DISCUSSION 


Malignant schwannomas (neurogenic sarcomas) 
are more frequently found outside the head and 
neck, ie, in the extremities, the chest wall, or the 
abdominal wall. In the head and neck, they origin- 
ate most often from the brachial plexus, the sympa- 
thetic chain, or from the main trunk or branches of 
the cranial nerves. In this case, the tumor most like- 
ly originated from the peripheral branch of the 
superior laryngeal nerve, with subsequent growth 
in the supraglottic area (a common location for be- 
nign intrinsic laryngeal schwannomas). 


There appears to be no age predilection for these 
tumors, although a slight female predominance has 
been noted. An association between neurofibroma- 
tosis and neurogenic sarcoma has been reported 
with the incidence varying from 5 to 50% .°* Sar- 
comatous change occurs more frequently in males 
and in the more deeply located tumors.° 


Although symptoms may be caused by direct 
neuronal involvement, ie, pain, paresthesia, and 
secondary muscular atrophy, they are usually attri- 
butable to local expansion of the mass, such as air- 
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way obstruction in this patient. Clinically, these 
‘tumors are firm, although necrosis and cystic 
degeneration can cause varying degrees of softness. 
’ They are usually circumscribed and frequently ex- 
tensively invade the surrounding tissues. Lymphatic 
spread is uncommon, while blood-borne metastases 
_ to the chest, bone, brain, and liver are more rou- 
tinely found, 


- Histologically; malignant schwannomas are com- 
prised? of spindle cells with various degrees of 
-pleomorphisin:: They tend to be very cellular and 
palisading is sometimes evident. The mitotic rate is 
_usually low: ‘With. greater than 5 mitoses/10 high- 
z power d i e snane a high grade of malignan- 
7 cy,” ee 


tose 


mors may ibe easily confused with other soft tissue 
sarcomas that may encroach on or infiltrate a nerve 
for various distances. The use of special stains to 
dérnonstrate a characteristic “straight wire” pattern 
of reticular fibers is of questionable value in docu- 
“menting a neurogenic origin in a soft tissue sar- 
coma.® In fact, there have been no criteria 
established by which a primary neurogenic sarcoma 
can be differentiated from a fibrosarcoma without 
gross evidence of its origination in a nerve trunk; 
therefore, many investigators®*'° would adhere to a 
strict dependence on the nature and degree of in- 
volvement of the nerve. In the present case, the 
mass had been resected twice prior to the patient 
being referred to our institution. With the size of 
the mass, the scarring from the previous surgical 
procedures, the degree of soft tissue invasion, and 
with the supraglottic locus of origin (the nerve of 
origin being extremely small this far peripherally), 
it is not surprising that the classical pattern of 


l 


tumor growth inside an identifiable nerve trunk 
was not observed. Furthermore, it is not surprising 
that on the basis of the initial surgical specimen, the 
diagnosis was fibrosarcoma. A review of the ensuing 
slides revealed poor specimen sampling, containing 
mainly degenerated tissue, making any diagnosis 
difficult. It was not until the last surgical specimen 
was reviewed that the characteristic pattern of a 
malignant schwannoma could be found among the 
myoid stroma. 


Traditionally, wide surgical excision has been the 
modality of choice in the treatment of these tumors, 
while radiation therapy has been felt to be ineffec- 
tive.*'° However, the recent experience of Goepfert 
et al?’ and Hutcherson et al’? argue in favor of the 
combination of surgery with postoperative full 
course radiotherapy. 


The prognosis for malignant schwannomas of the 
head and neck is poor, with death usually resulting 
from persistent or locally recurrent disease. In 
Kragh et al’s'* series 50% of the patients and 67% 
in D’Agostino et al’s’° series died within three years. 
Of the six patients in Hutcherson et al’s'? series that 
had a significant period of follow-up, 50% died 
within one year, and only one of these six patients is 
currently alive and free of disease. With multiple 
surgical procedures, radiation therapy and chemo- 
therapy, our patient survived for ten years; never- 
theless, he still expired of his locally recurrent 
tumor. 


In conclusion, malignant schwannomas of the 
head and neck are difficult tumors to diagnose and 
to cure. Although wide surgical excision remains 
the mainstay of treatment, evidence is accumulat- 
ing in favor of the combination of surgery plus 
postoperative radiotherapy. 
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ANEURYSMAL BONE CYST OF THE SPHENOID IN A CHILD 


CHARLES P. KIMMELMAN, MD 


WILLIAM P. POTSIC, MD 


LUIS SCHUT, MD 


PHILADELPHIA, PENNSYLVANIA 


The aneurysmal bone cyst is a vascular lesion which destroys and expands bone. We report a case of an aneurysmal bone cyst of the 
sphenoid sinus which resulted in loss of vision due to compression of the optic chiasm. Staged intracranial and extracranial procedures were 
used to remove the lesion. Aneurysmal bone cysts are very rare in the sphenoid sinus, and this is the first reported case occurring at that site 


in a child. 


INTRODUCTION 


Because of its central location in the skull, the 
sphenoid bone and its contained sinus serve as a 
conduit for vital neural and circulatory elements. 
Consequently, the manifestations of sphenoid le- 
sions may be protean. Since sphenoid disease per se 
is relatively rare, the physician should, from time to 
time. review and study these cases to maintain clini- 
ical acumen. Our case represents a most unusual 
sphenoid lesion hitherto unreported in a child. 





Fig. 1. A) Lateral skull x-ray film revealing expansion of the sphenoid sinus 


CASE REPORT 


A 10-year-old male was seen at the Children’s 
Hospital of Philadelphia in January 1976 for de- 
creasing vision in the left eye. Physical examination 
at that time revealed normal extraocular motility 
without proptosis. Sensation in the ophthalmic and 
maxillary divisions of the fifth nerve was intact. No 
bruits were present over the globe or skull. There 
was pallor of the optic discs, more pronounced on 
the left. Central scotomas were present in both 


(arrows). B) Computed tomogram of the 


skull demonstrating expansile sphenoid mass (arrows) encroaching on orbits (O). 
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Fig. 2. Excised tissue from the nasopharynx revea s large 
vascular spaces (V) surrounded by fibrous tissue (F) within 
bone (B) consistent with aneurysmal bone cyst. 


eyes. There was a soft tissue mass filling the 
nasopharynx and causing obstruction to air flow. 
The rest of the physical examination was normal. 


Roentgenography of the skull showed a soft tissue 
mass expanding the sphenoid sinus and ertending 
intracranially. The right maxillary sinus, r asopha- 
rynx, and posterior nasal cavity were simiarly in- 
volved (Fig. 1A). A computed tomogram -evealed 
an enlarged sphenoid sinus containing a scft tissue 
density which enhanced with the injection of Con- 
ray (Fig. 1B). The lesion extended into tae right 
maxillary sinus and into the medial portion of the 
orbits. It also extended superiorly to produce 
destruction and deformity of the sella. 


On January 12, 1976 a bifrontal craniotemy was 
performed; as much of the mass as possible was re- 
moved from the sella, carotid arteries amd optic 
chiasm. The tissue was thought to be a gant cell 
tumor or giant cell granuloma. On February 6, 
1976 a transpalatal and transantral approach was 
used to remove tumor from the nasopharyr x, sphe- 
noid sinus, and posterior walls of both maxillary 
sinuses. The blood loss was approximately _000 ml. 
The patient tolerated the procedure well and was 
discharged on February 13, 1976. Histopethologic 
examination of the tissue removed at the second op- 
eration revealed aneurysmal bone cyst (Fig. 2). 


There was some decrease in vision over tł e course 
of a week following discharge, and oral dexametha- 
sone was given. This resulted in improvement of vi- 
sion by March 16, 1976. The steroids were then tap- 
ered and stopped several weeks later. 


In April 1976 the patient was evaluated at the 
National Eye Institute. The vision was 20/30 bilat- 


erally. The consensus of the pathologists was that 
the lesion was an aneurysmal bone cyst. 


Since that time there has been no progression of 
the lesion. At the last examination there was no evi- 
dence of further visual loss; the central scotomas re- 
main. 


DISCUSSION 


Although it is more common in the extremities 
and spine, the aneurysmal bone cyst may nonethe- 
less occur in the sphenoid bone. This lesion is a 
cystic, vascular osseous tumor which destroys and 
expands bone. It is not a true neoplasm.' Jaffe and 
Lichtenstein first described the lesion in 1942 in the 
extremities.* Histologically there are irregular en- 
larged vascular channels separated by septae of fi- 
brous tissue containing prominent giant cells. An 
associated giant cell tumor may be present, and this 
makes the diagnosis difficult in lesions of the skull 
and jaws.’ The histologic differential diagnosis also 
includes fibrous dysplasia, ossifying hematoma, and 
cavernous hemangioma of bone. 


There are several phases of development of this 
lesion. The initial phase consists of osteolysis and 
periosteal elevation. In the second phase there is 
progressive bony destruction. Next is the phase of 
stabilization, giving the classic radiologic picture of 
an expanded tumor with a distinct bony shell. Fi- 
nally there is the healing phase, as the tumor pro- 
gressively ossifies.' 


The etiology is unknown, but it may include such 
factors as trauma or alteration in osseous hemody- 
namics. Some pathologists question the existence of 
aneurysmal bone cyst as a pathologic entity.* In the 
head and neck aneurysmal bone cysts have been de- 
scribed in the maxilla, mandible, cranium, orbital 
roof, temporal bone, and sphenoid bone.*:5-!° 


Radiographic evaluation is critical in the evalua- 
tion of an aneurysmal bone cyst. Conventional roent- 
genograms of the sinuses may reveal bony destruc- 
tion, opacification, expansion of sinus or sella, or 
abnormal calcification. A more detailed view of 
bony changes is obtained with multidirectional 
polytomography. Computed tomography with en- 
hancement further defines the anatomic process. 


Surgical excision is the treatment of choice for 
aneurysmal bone cysts. There are several routes in 
addition to the transpalatal, which was employed 
in this patient. The availability of the operating 
microscope and the use of intraoperative fluoro- 
scopy have improved the ability to safely perform 
thinologic approaches, such as the transseptal 
sphenoidotomy. Other routes include the transan- 
tral and transethmoid, which suffer from the obli- 
quity of the approach as well as an external scar in 
the latter.'™!? In the past radiation therapy in doses 
of 2000 rad has been recommended in cases where 
surgery is difficult.' However, it is generally best to 
refrain from the use of radiation for benign disease. 
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FOURTH WORLD CONGRESS ON BRONCHOESOPHAGOLOGY 
The Fourth World Congress on Bronchoesophagology will take place at the Foresta Conference Center in Stockholm, Sweden, June 


20-23, 1983. This Congress is arranged by the International ee Society, Swedish Otolaryngological Society and 


Swedish Society for Pulmonary Diseases. During the meeting, the Congress will up 
ogy. Further information may be obtained by writing IBES Congress 1983, c/o RESO Congress Service S-105, 24 Stock 


te the knowledge within prone yey and esophagol- 
olm, Sweden, or 
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eg MALIGNANT MIXED TUMOR 


Been, ea, A JOHN G. BATSAKIS, MD 
` pws’ n ‘4 Po , 


Definitions of salivary gland tumors embraced by 
the term “malignant mixed tumors” have under- 
gone considerable refinement in the past GO years. 
Features such as incomplete encapsulation, epithe- 
lial cellularity, and recurrences no longer serve as 
justifications for a connotation of maligrancy or 
“semi-malignancy.”' It is now generally agreed that 
a high recurrence rate for mixed tumors is primarily 
the result of inadequate primary surgery removal.’ 
A myxoid stromal dominance in the tumcr is also 
more often associated with recurrence than is an 
epithelial dominance. 


Definable, life-consuming malignancy is, how- 
ever, associated with mixed tumors and generically 
malignant mixed tumor exists in three clinical and 
histological forms (Fig. 1).° 


The overall frequency of these malignant mixed 
tumors is not high: less than 2% of al mixed 
tumors. The great majority of these malignant 
mixed tumors are carcinomas arising in oz from a 


mixed tumor, the so-called carcinomas ex pleomor- 
phic adenoma. 


The other two histological variants are only rare- 
ly encountered and contain both components of a 
mixed tumor: epithelial and mesenchymal. In one 
variant there is a synchronous and biphasic malig- 
nant neoplasm: in effect a carcinosarcoma whose 
metastases contain both carcinoma and sarcoma.’ A 
most unusual variant is the metastasizing mixed tu- 
mor. This lesion can be defined as a histologically 
benign mixed tumor that inexplicably manfests dis- 


"MALIGNANT MIXED TUMOR! 
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CARCINOMA EX PLEQMORPHIC ADENOMA 
(Carcinoma arising in a Mixed Tumor} 


Fig. 1. The three forms of tumors encompassec by the 
term “malignant mixed tumor.” Nearl 90% of auch le- 
sions are carcinomas ex pleomorphic adenoma. 
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tant metastases. The metastatic deposits (most often 
in lungs and bones) deviate only minimally from the 
benign appearance of the primary mixed tumor. An 
infiltrative growth pattern and mitotic activity 
have been found in some of the eight examples of 
this form of malignant mixed tumor recorded in the 
literature through 1978.4 Recurrences and surgical 
manipulations of the tumors may play a role in their 
hematogenous spread. 


Given the rarity of the two preceding forms, 
when one speaks of a malignant mixed tumor he is 
referring to the carcinomatous development of 
malignancy in a mixed tumor; carcinoma ex pleo- 
morphic adenoma (carcinoma arising in a mixed 
tumor).'* The latter, in turn, presents in two 
clinical settings. Most often the carcinoma arises in 
a mixed tumor of long duration: either as a conse- 
quence of no treatment or because of recurrences. 
The risk of carcinomatous transformation can be 
said to increase with the age of the tumor. Support 
for this hypothesis has been given by microspec- 
trophotometric DNA analysis wherein there is a dif- 
ference in the DNA content between morphologi- 
cally benign pleomorphic adenomas with short and 
with long preoperative duration of the tumor.’ A 
less common clinical presentation is malignancy ap- 
pearing at the first surgical excision following a 
short preoperative time period. 


Carcinoma ex pleomorphic adenoma may arise in 
any salivary tissue with the parotid gland most 
often, and the mucous glands of the upper respira- 
tory tract the least often involved. Table 1 presents 
the salivary gland distribution of these lesions as 
presented in four series.'7-? 


The gross appearance of a malignant change pre- 
sents valuable clues to its existence. The tumor 
usually appears encapsulated but with areas of cap- 


TABLE 1. SALIVARY GLAND DISTRIBUTION OF 
CARCINOMA EX PLEOMORPHIC ADENOMA 


Subman- Minor 
dib 


Authors Parotid ular Glands 
Eneroth et al? 31 3 — l 
LiVoisi and Perzin’ 23 6 18 
Spiro et al’ 107 23 16 
Gerughty et al’ 16 5 1 
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sular invasion or outright disruption. The cut sur- 
face bears a resemblance to the benign counterpart 
with the exception of areas of softening, necrosis 
and hemorrhage. Any of these gross features should 
alert the pathologist to the fact that he is not dealing 
with an ordinary mixed tumor and should be the 
stimulus for additional sectioning. 


For conclusive diagnosis, remnants of the benign 
mixed tumor should be histologically evident. The 
type of carcinoma most often observed is a ductal 
carcinoma, often with epidermoid areas. Carci- 
nomas such as adenoid cystic, mucoepidermoid, 
and acinous cell only rarely evolve from a benign 
mixed tumor. LiVolsi and Perzin’ have added an 
additional histological entity: carcinoma in situ or 


preinvasive carcinoma ex pleomorphic adenoma. 
This lesion demonstrates no capsular invasion or ex- 
tension into adjacent salivary stroma. | 


The prognosis of a patient with carcinoma ex ple- 
omorphic adenoma is poor, with nearly no surviv- 
ors in 20-year determinate survival studies.''° Spiro 
et al,® dealing with carcinoma at major and minor 
salivary gland sites, record net or determinate. 
“cure” rates at 5-, 10-, and 15-year intervals of 40, 
24, and 19% respectively. Local recurrence is al- 
most invariably the reason for treatment failure and 
distant metastasis, which occur with a higher inci- 
dence than lymph node involvement, occur in near- 
ly one third of patients with uncontrolled primary 
disease.’ 
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s iy X-RAY STUDY OF THE MONTH 
HYPERTELORISM IN NASAL AND PARANASAL SINUS POLYPOSIS 


ALFRED L. WEBER, MD 


WILLIAM R. WILSON, MD 


WILLIAM W. MONTGOMERY, MD 


BOSTON, MASSACHUSETTS 


PATIENT 


This 13-year-old female has had a lifelong history 
of complete nasal obstruction. In early caildhood 
she developed asthmatic bronchitis and required 
frequent hospitalizations for status asthmaticus. 
Allergy skin testing demonstrated sensi-ivity to 
dust, mold, feathers, and tree pollen. Despite an- 
tigenic therapy for four years, she requirec steroids 
for control of her asthma. She has no known aspirin 
sensitivity and evaluation for cystic fibrosis was 
negative. 


At age 12 years she was first seen at th2 Massa- 
chusetts Eye and Ear Infirmary and notec to have 
total nasal occlusion with polyps and marked 
hypertelorism. Laboratory studies revealed an 
eosinophil count of 248 cells/mm? and a serum IgE 
level of 35 IU/ml. 


The patient’s mother has asthma, but no nasal 
polyps. No other family member has hypertelorism. 


RADIOGRAPHIC FINDINGS 


The Water's projection (Fig. 1 A) of the para- 
nasal sinuses reveals complete opacifica-ion and 
slight dilatation of the maxillary antra with some 
thinning of the bony walls laterally and medially. 
There is distension and opacification of both nasal 
cavities and thinning of the bony outline. 


A Caldwell projection (Fig. 1 B) demorstrates a 
marked diffuse increase in density of the etamoid si- 
nuses and frontal sinus, with hypertelorism. 


On the lateral projection (Fig. 1 C) polrpoid tis- 
sue is seen in the anterior half of the nasopharynx 
and there is complete opacification of the sphenoid 
sinus. 


An AP polytome study (Fig. 1 D) of nasel cavities 
and paranasal sinuses was done when nasa! obstruc- 
tion recurred after surgery. This reveals 2omplete 
reopacification of the sinuses and nasal cavities. 
Note the dilatation of both ethmoid sinuses with 
thinning and lateral displacement of th2 medial 
wall of both orbits. 


DIAGNOSIS 


The patient underwent bilateral intranasal eth- 
moidectomy and sphenoidectomy in March 1976. 
Within six months the polyps had recurred and 
were again causing nasal obstruction. In the next 
two years, three intranasal ethmoidectomies were 
necessary. Currently, she is stable and is receiving 
topical intranasal steroids (beclomethasone dipro- 
prionate). 


DISCUSSION 


Nasal polyps are uncommon in children,’ their 
frequency increasing with age. The etiology of nasal 
polyps is not clear. Cystic fibrosis and aspirin in- 
tolerance are predisposing conditions for the forma- 
tion of nasal polyps,? but patients with these 
diseases represent only a small proportion of the 
total population with nasal polyps. Allergy and in- 
fection are most frequently suggested as the primary 
factors contributing to the formation of nasal 
polyps. Settipane and Chafee noted asthma in more 
than 70% of their polyp patients.? 


Polyps may be sessile or pedunculated. The extent 
of polyposis may range from a single polyp in the 
nasal cavity or ethmoid sinus to diffuse polyposis in- 
volving all paranasal sinuses and causing complete 
obstruction of both nasal cavities, frequently ac- 
companied by chronic sinus infections, anosmia, 
and at times chronic otitis media. Nasal polyps that 
extrude through the choanae most often arise from 
the maxillary antrum and may extend into the naso- 
pharynx as a single choanal polyp or as multiple 
bilateral masses. Mucoceles may develop in patients 
with multiple polyposis, especially in the ethmoid 
sinuses and supraorbital ethmoid sinus extensions.’ 


Radiologically, single polyps are characterized by 
a homogeneous sharply-defined round tissue density 
arising from the antral wall or in the nasal fossa. In 
marked nasal and paranasal polyposis there is 
opacification and expansion of the nasal and sinus 
cavities and thinning of the bony walls. Fluid levels 
are rarely seen. The ethmoid cell partitions are 
commonly lost and there is considerable thinning of 
the medial wall of both orbits. Marked expansion of 
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the ethmoid sinuses in a small child may produce 
hypertelorism, as observed in this patient. Nasal 
polyps are seen on conventional sinus films only 
when polyposis is extensive. For detailed evaluation 
of the extent of polypoid disease, polytomography 
of the nasal cavities and sinuses is very useful. 





Surgery is indicated when there is severe nasal 
obstruction or chronic sinus infection and pain. 
Simple polypectomy should be tried first, but in- 
tranasal or external ethmoidectomy may be re- 
quired if polyps recur. Malignant degeneration has 
not been reported in patients with polyposis. 
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BOOK REVIEWS 


Prostaglandin Synthetase Inhibitors: New Clinical Applications 


Edited by Peter Ramwell. Hard cover, black and white illus- 
trations, 410 pp, 1980. Alan R. Liss, Inc, New York. Price 
$34.00 


The prostaglandins (PGs) have been extensively studied in 
many centers during the past several decades. In his opening re- 
marks, the editor emphasized the importance of prostaglandins 
by saying that the prostaglandins are now recognized as one of the 
four major classes of endogenous substances with high biologic ac- 
tivities, along with steroids, biologic amines and pobypeptides. 
One reason that the PGs are so important is that they are easily 
synthesized by all body tissues. Furthermore, about a third of the 
drugs in the pharmacopoeia interact with the PG syst2m. 


The clinical importance of PGs became obvious by -he discov- 
ery in 1971 that aspirin and other nonsteroidal anti-inflammatory 
agents inhibit the PG synthetase pathway. 


This multiauthored volume, which is the first in the new pro- 
posed series on prostaglandins and related lipids, is devoted to the 
clinical application of PG synthetase inhibitor (PGSI). The book 
includes reviews on research in the biochemistry of the PG sys- 
tem, the pharmacokinetics of PGSI and potential clinscal uses of 
PGSI. The potential clinical uses of PGSI discussed im the book 
encompass diverse areas such as inflammation, pain, bene resorp- 
tion, cancer, thrombosis, hypertension, shock, renal functions, 
dysmenorrhea, premature labor, closure of the ductus arteriosus. 


Special interests for an otolaryngologist may be found in the 
sections dealing with inflammation, disorders of the bone and 
cancer. This book will also serve as an introduction to prostaglan- 
din research for those who want to learn about this fascinating 
subject. 


As do most collections of articles, the book suffers from the vari- 
ability in style and quality of presentations by various authors. It 
may be too broad in scope for many readers. 


This book represents the state of the art in PGSI research and 
constitutes a welcome addition in the library of serious clinicians 
and researchers interested in PGs. 


TIMOTHY T. K. JUNG, MD 


Minneapolis, Minnesota 


The Voice and its Disorders, Fourth Edition. 


By Margaret C. L. Greene. Hard cover, black and white il- 
lustrations, indexed, bibliography, 446 pp, 1980. J. B. Lip- 
pincott Co, Philadelphia. Price $47.50. 


This revised edition of The Voice and its Disorders r2mains one 
of the most complete clinically instructive scholarly texts on vocal 
pathology and management in the literature to date. Twenty-two 
years after its first edition, Greene updates the areas of surgical 
advances (pseudoglottis reconstruction in postlaryngectomy, sur- 
gical approaches to spastic dysphonia, posterior palatal repair in 
cleft palates and new approaches to papillomata), hormone re- 
lated voice disorders, singing as a vocal technique, aad pro and 
con approaches to breathing as an effective clinical technique. 
She adds to the sections on treatment strategies, which include ex- 
cellent case studies, and outlines rehabilitative pregrams for 
specific vocal disorders. She utilizes primarily Europeen scientific 
studies with only a respectable representation of the best in 
American contributions. Throughout the new edition, Greene’s 
clinical philosophy is reiterated as 1) “. . . therapy is mere art than 
science,” 2)“. . . it transcends scientific explanation and embraces 
the personality of the therapist,” and 3) “ . . . developments in 
surgery and electronic microprocessors linked to the relatively 
new concept of biofeedback . . . pose a real threat to traditional 
speech therapy.” Although most American voice clinicians and 
scientists would agree that therapy is substantially a personal 
technique or “art,” few view with “depressing outlook” the ad- 
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vent of scientific and technological advances in clinical in- 
strumentation. 


The text is divided into two major parts: Normal Voice and 
Voice Disorders. Part One, Normal Voice, is a sufficient review of 
the anatomy and physiology of the vocal instrument although sev- 
eral omissions in American research, notably Thomas Hixon’s 
work in respiratory parameters of speech and the work of Thomas 
Shipp, John Michel and David Brewer, are unfortunate. Chapter 
4, dealing with articulation and resonance, seriously omits any 
sufficient discussion of the function of the lateral pharyngeal walls 
in velopharyngeal closure as enhanced by the work of Skolnick, 
McCall and Minfie. There is no presentation of the work of War- 
ren in the area of air flow and air pressure dynamics of velo- 
pharyngeal closure as it is able to predict adequate cross-sectional 
area of nasal-oral port for speech production. 


This portion of the text makes valuable contributions in a sec- 
tion entitled “Vocal Synthesis” which is a glossary-type prose that 
outlines an excellent conceptual framework of viewing phona- 
tion. Chapter 6 is worth mentioning because it deals with a timely 
subject of “infancy and senescence” in normal voice evolution. 
While the chapter is comprehensive and timely it lacks depth of 
scientific reports from the other side of the Atlantic. 


Part Two, entitled Voice Disorders, is outstanding because it is 
both a comprehensive and indepth presentation of assessment and 
rehabilitative techniques in the total area of vocal pathologies. 
Greene subdivides the disorders of voice into six categories of 
symptomatology rather than by organic versus functional or etio- 
logic taxonomy. She presents six basic disorder areas: hyperkinetic 
dysphonias, psychogenic disorders, disorders of pitch, disorders of 
resonance, dysarthrophonia (upper motor neuron lesions) and lar- 
yngeal palsy (lower motor neuron lesions). She also deals 
specifically with some less common disease states such as chronic 
hyperplastic laryngitis, papillomata, tuberculosis of the larynx, 
and others. In two separate chapters she presents laryngeal carci- 
noma and its management as distinct forms of vocal disorder in 
appraisal and treatment. These last three chapters are excellent 
contributions and well updated. 


The highlight of the text is clearly the presentation of hyper- 
kinetic dysphonia (the most common form of vocal abuse) which 
occupies four separate chapters and 60 pages of the entire text. 
The author convincingly defends the necessity for breathing tech- 
niques in most voice disorders, with a valuable discussion of both 
American and European investigators (pro and con). She then 
outlines her own time-honored approach to breath control and 
abdominal support in phonation. 


This superbly written scholarly book is a valuable teaching and 
reference text for the laryngologist interested in phonation and 
vocal rehabilitation. The substantial European emphasis in its 
references and approach is a positive feature commending it to 
every American library in vocal pathology. 


RICHARD M. MERSON, PhD 


St. Louis, Missouri 


Audiology, Education and the Hearing-Impaired Child 


By Fred H. Bess and Freeman E. McConnell. Hard cover, 
black and white illustrations, indexed, 321 pp, 1981. C. V. Mosby 
Co, St. Louis. Price $16.95. 


Authors cite the separateness of audiology and education of 
hearing-impaired children as prompting this book. The primary 
readers are audiologists involved in managing hearing-impaired 
children and teachers who consider audiology important in 
teaching such children. Otolaryngologists will have only peri- 
pheral interest. Authors are primarily clinicians and do a better 
job of bringing audiology to the educator than the reverse. De- 
spite a number of texts on this same theme recently, Bess and 
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McConnell, who represent different generations concerned with 
hearing-handicapped children, have made an important contri- 
bution. This book’s best use is probably in the training of audiol- 
ogists and teachers. It is refreshing for its unity in having the text 
written by only two authors, rather than following the popular 
trend for edited texts of chapters by numerous authors. Although 
there is some reference to the experience of the authors, the book 
borrows heavily from other publications cited throughout the 
text. 


The text is quite readable with fine diagrams, illustrations and 
photographs. A special feature is inclusion of “vignettes” that are 
sometimes case histories, sometimes suggested forms or outlines. 
About half of the chapters are “standards” for comprehensiveness, 
but Chapters 2, 5, 7, 8, 9 and 11 are the real contributions, 
wrestling with the issues at the core of the problems of utilizing 
hearing for the education of hearing-impaired children. 


DONALD R. CALVERT, PhD 


St. Louis, Missouri 


Breathing, Speech, and Song 


By Donald F. Proctor. Hard cover, black and white illustra- 
tions, indexed, 159 pages, 1980. Springer-Verlag Inc., New 
York. Price $19.80. 


This text is written primarily for the student of voice. It pro- 
vides a collection of essays describing the anatomy and physiology 
of voice production in man. The author surveys the issue of voice 
mechanics from a very unique position as a clinical laryngologist 
and a student of voice himself. While the attempt to combine sci- 
ence with art is an especially noble one, the author, in my opin- 
ion, necessarily falls short of his intended goals because of the 
diversity of fields addressed. Certainly for the student of lar- 
yngology, the discussions of anatomy and physiology are super- 
ficial at best. In addition, guidelines for the laryngologist in the 
treatment of voice disorders appear fragmented and anecdotal. 
The textbook is, unfortunately, flawed by numerous spelling and 
typescript errors. Photographs are difficult to interpret without 
appropriate labeling to guide the reader. 


For the student of voice, the description of anatomy and phys- 
iology may in fact be too complex and technical to provide mean- 
ingful interpretation and significance to the art of singing. For 
him also, the guidelines of treatment in voice disorders might ap- 
pear unstructured and for the most part anecdotal. 


In general, the strength of this text lies in its attempt to fuse the 
scientific interests of a singer with the art of singing itself. 
Whether it successfully accomplishes this is unfortunately open to 
question. 


CLARENCE T. SASAKI, MD 


New Haven, Connecticut 


Progress in Clinical Neurophysiology, Volume 8, Spinal and 
Supraspinal Mechanisms of Voluntary Motor Control and 
Locomotion 


Edited by J.E. Desmedt. Hard cover, black and white il- 
lustrations, indexed, 374 pp, 1980. S. Karger, Basel, New 
York. Price $82.75 


This is a state of the art collection of monographs by multiple 
authors. Both animal and human investigations are described. 
The general subject areas include sensory input and spinal con- 
nectivities in motor control, segmental circuits involving inter- 
neurons and motoneurons, muscle vibration and motor control in 
man, and motor control mechanisms in postural and locomotor 
activities. The editorial quality is excellent. The reviews provide 
useful conceptual insights in relation to current research efforts. 
Overall the book comprises a useful reference for investigators 
and graduate students. For the clinician there may be some useful 
insights in regard to the status of studies of proprioceptive and ves- 
tibular mechanisms in relation to posture and movement. 


WILLIAM M. LANDAU, MD 


St. Louis, Missouri 


Reconstruction of the Head and Neck 


Edited by Malcolm A. Lesavoy. Hard cover, black and white 
illestrations, indexed, 319 pp, 1981. Williams and Wilkins, 
Bartimore. Price $43.00. 


As the author states in his preface, this book is not intended to 
be a comprehensive review of constructive surgery of the head 
and neek. Rather, it addresses reconstructive problems in a re- 
gional and segmental fashion, illustrating only selected and 
favored techniques. 


The book is divided into 16 chapters, each dealing with the re- 
construction of a different region within the head and neck. The 
majority of the authors are plastic surgeons of whom over half are 
from soathern California. 


For the most part, the discussion of reconstructive techniques is 
kept quite simple; greater detail can be found in many other sur- 
gical texts. While not true for all, in most chapters there is little 
written about the indications and contraindications, advantages 
and disadvantages, and alternatives concerning particular recon- 
structive procedures. In general, each author discusses his pre- 
ferred methods for attacking specific reconstructive problems. 


Despite these shortcomings, the book provides a delightful and 
fairly in?ormative overview of reconstructive concepts in the head 
and necx. As always, certain chapters are better than others; in 
general the book is well written and easy to read and follow. The 
illustrations and case photographs are clear. Because of the rather 
simple regional style and organization, it serves as a nice first book 
for general physicians, residents and students interested in the 
subject. It is a worthy contribution which can be recommended to 
the seasoned reconstructive surgeon only as an adjunct to a com- 
plete library on head and neck and reconstructive surgery. 


STEVEN M. SOBOL, MD 
New York, New York 


Verbal Dyspraxia in Clinical Practice 


By Betty Hill. Hard cover, black and white illustrations, 
appendix, 80 pp, 1978. University Park Press, Baltimore. 
Price $9.95. 


This monograph attempts to outline treatment programs for 
the resteration of articulation skills in patients with cerebral le- 
sions and clinically described as exhibiting some form of apraxia 
of speeca. Ms. Hill, a senior speech pathologist at the Royal Tal- 
bot Rehabilitation Hospital in Melbourne, Australia, reports the 
results o7 a 10-year investigation with as many as 100 to 150 pa- 
tients wth some form of apraxia. 


The report is not well organized, and gives no detailed des- 
cription of her population or any quantification system to identify 
therapy progress. Ms. Hill specifies her own unique four major 
varieties of dyspraxia: dyspraxia with global aphasia, afferent 
dyspraxia, efferent dyspraxia, and efferent dyspraxia with ady- 
namia. Only afferent and efferent dyspraxia are well defined and 
differentiated in the text while the other two forms are clouded, 
evident! by forms of severe aphasic syndromes that are not spe- 
cified by any standard aphasia examinations. 


The book does present some valuable outlines of articulation se- 
quence drills moving from isolated consonants to syllables of in- 
creasing-strength for the afferent types of dyspraxia, and utiliza- 
tion of rayming techniques with carrier phrase verbal fill-in drills 
for the efferent dyspraxic. The appendix offers some helpful 
facilitating phrases following phonemic similarities. The area of 
interest, dyspraxia, although in need of further treatment in the 
literature is not improved much by this text. I cannot recommend 
it as a valuable book in a professional library. 


RICHARD M. MERSON. PhD 


St. Louis, Missouri 


BOOKS RECEIVED 


Basic Industrial Hearing Conservation 
David F. Barr and Richard K. Miller. Black and white illustra- 


tions, hard cover, glossary, appendix, 125 pages, 1979. The Fair- A l k a l O l 


mont Press, Inc:, Atlanta, $26.95. 


Guide to Noise Control Literature F OR THROAT 


Richard K. Miller. Hard cover, 148 pages, 1980. The Fairmont 
Press, Inc., Atlanta, $24.95. Use ALKALOL as a gargle for 
Concepts in Cancer Care. A Practical Explanation of 
Radiotherapy & Chemotherapy for Primary Care Physicians 


Jay Scott Cooper and Donald J. Pizzarello. Black and white il- treatment. Radiologists find it ef- 
lustrations, indexed, hard cover, 257 pages, 1980. Lea & Febiger, fj . ollowi ; 
Philadelphia, $16.50. cacious following deep therapy 


cleaning mucus as a postoperative 


treatment of CA of the throat par- 
Neurological Surgery of the Ear, Volume II 


Herbert Silverstein and Horace Norrell. Black and white illus- ticularly for its soothing, eee 


trations, indexed, hard cover, 396 pages, 1979. Aesculapius Pub- solvent and deodorant qualities. 
lishing Co., Birmingham, $60. 


Otolaryngology, 3 volumes, 2nd edition 


Michael M. Paparella and Donald A. Shumrick. Volume I: 
Basic Sciences and Related Disciplines ($70); Volume I: The Ear 
($55); Volume III: Head and Neck ($70), hard cover, indexed, 
black and white illustrations, 3020 pages, 1980. W.B. Saunders THE ALKALOL COMPANY 
Co., Philadelphia, $185 the set. 


Sample upon request 


Taunton, Mass. 02780 
The Voice and Its Disorders, 4th edition 
Margaret C.L. Green. Black and white illustrations, indexed, 


hard cover, bibliography, 446 pages, 1980. J.B. Lippincott Co., 
Philadelphia, $47.50. 





Evoked Potentials 


Edited by Colin Barber. Black and white illustrations, indexed, 
hard cover, 603 pages, 1980. University Park Press, Baltimore, 
$34.50. 


GUADALAJARA OTOLARYNGOLOGY 
External Ear Malformations: Epidemiology, Genetics, and SOCIETY 


Natural History 


Michael Melnick and Nitnos C. Myrianthopoulos. Iadex, black COURSE 
and white illustrations, hard cover, 128 pages, Alan R Liss, Inc., OTOLOGY. NE UROTOLOGY 
New York, $18. i 3 
selec. RHINOPLASTY AND PLASTIC 
Physiology and Pathophysiology of Eustachian Tube and Middle SURGERY OF THE FACE 
Ear 


Edited by G. Miinker and W. Arnold. Index, black and white Oct. 7-9, 1982 
illustrations, soft cover, 244 pages, Georg Thieme Verlag, Stutt- Camino Real Hotel Guadalajara 
gart. , 


Scott-Brown’s Diseases of the Ear, Nose and Throat, 4 volumes, Guest Lecturers: 


4th edition. Prof. Horst L. Wullstein, West Germany 
Edited by John Ballantyne and John Groves. Volume I: Basic Dra. Sabrina R. Wullstein, West Germany 

Sciences, 760 pages, $115. Volume II: The Ear, 978 pages, $145. Antonio De La Cruz, MD, Los Angeles 

Volume III: The Nose and Sinuses, 480 pages, $69.95. Volume 

IV: The Pharynx and Larynx, 626 pages, $99.95. Black and white James L. Sheehy, MD, Los Angeles 

illustrations, index, hard cover. Butterworths, Woburn, Mass., Robert Simons, MD, Miami 


$400 the set. Fee $110 


Hearing Aid Assessment and Use in Audiologic Habilitation, 2nd 
edition 


For further information: Jose Sanchez Gil, 


. MD, Justo Sierra #2081, Guadalajara, Jal., 
Edited by William R. Hodgson and Paul H. Skinner. Black and Mexico 44680, telephone: 15. 79. 59, 15. 96. 


white illustrations, indexed, hard cover, 303 pages, 1981. Wil- 


liams & Wilkins, Baltimore, $32. 04. 


Neuronal Mechanisms of Hearing 


Josef Syka and Lindsay Aitkin. Black and white illustrations, 
indexed, hard cover, 1981. Plenum Press, New York, $45. 














Beconase Nasal Inhaler 
beclomethasone dipropionate/Glaxo 
provides continuous relief of nasal congestion, 


sneezing runny nose and itching 
associated with hay fever and nasal allergies. 
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a major therapeutic advance in seasonal and perennial rhinitis symptom relief. 





DESCRIPTION Beclomethasone dipropionate, USP the active component of BECONASE Nasal Inhaler, is an anti-in- 
flammatory steroid having the chemical name, 9-Chloro-11/3, 17 21-trihydroxy- 16/3-methylpregna-1, 4-diene-3. 20-dione 
17.21-dipropionate , 


Beclomethasone dipropionate is a white to creamy-white. odorless powder with a molecular weight of 521.25 It is very 
Slightly soluble in water; very soluble in chloroform: and freely soluble in acetone and in alcohol 


BECONASE Nasal Inhaler is a metered-dose aerosol unit containing a microcrystalline suspension of beclomethasone 
dipropionate-trichloromonofiluoromethane clathrate in a mixture of propellants (trichloromonofluoromethane and di- 
chlorodifluoromethane) with oleic acid. Each canister contains beclomethasone dipropionate-trichloromonofl_sromethane 
Clathrate having a molecular proportion of beclomethasone dipropionate to trichloromonofluoromethane between 3:1 and 
3:2. Each actuation delivers from the nasal adapter a quantity of clathrate equivalent to 42 mcg of beclomethasone 
dipropionate, USP The contents of one canister provide at least 200 metered doses 


CLINICAL PHARMACOLOGY Beclomethasone 17.21-dipropionate is a diester of beclomethasone. a synthetic corticosteroid 
which is chemically related to dexamethasone. Beclomethasone differs from dexamethasone only in having 1 chlorine at 
the 9-alpha position in place of a fluorine. Animal studies showed that beclomethasone dipropionate has potent glucocor- 
ticoid and weak mineralocorticoid activity 


The mechanisms for the anti-inflammatory action of beclomethasone dipropionate are unknown. The precise mechanism 
of the aerosolized drug's action in the nose is also unknown Biopsies of nasal mucosa obtained during clinical studies 
showed no histopathologic changes when beclomethasone dipropionate was administered intranasally 


The effects of beclomethasone dipropionate on hypothalamic-pituitary-adrenal (HPA) function have been -valuated in 
adult volunteers by other routes of administration. Studies are currently being undertaken with beclomethasone dipro- 
pionate by the intranasal route, which may demonstrate that there is more or that there is less absorption by this route of 
administration. There was no suppression of early morning plasma cortisol concentrations when beclomethasone 
dipropionate was administered in a dose of 1000 mcg/day for one month as an oral aerosol or for thee days by 
intramuscular injection. However, partial suppression of plasma cortisol concentration was observed when veclometha- 
sone dipropionate was administered in doses of 2000 mcg/day either by oral aerosol or intramuscularly Immediate 
Suppression of plasma cortisol concentrations was observed after single doses of 4000 mcg of beclomethasone dipro- 
pionate. Suppression of HPA function (reduction of early morning plasma cortisol levels) has been reported in adult 
patients who received 1600 mcg daily doses of oral beclomethasone dipropionate for one month. In clinical studies using 
beclomethasone dipropionate intranasally, there was no evidence of adrenal insufficiency 


Beclomethasone dipropionate is sparingly soluble. When given by nasal inhalation in the form of an aerosoleed suspen- 
sion, the drug is deposited primarily in the nasal passages. A portion of the drug Is swallowed. Absorption occurs rapidly 
from all respiratory and gastrointestinal tissues. There is no evidence of tissue Storage of beclomethasone dipropionate or 
its metabolites. /n vitro studies, have shown that tissue other than the liver (lung slices) can rapidly metabolize beclo- 
methasone dipropionate to beclomethasone 17-monopropionate and more Slowly to free beclomethasone (whach has very 
weak anti-inflammatory activity). However, irrespective of the route of entry the principal route of excretior of the drug 
and its metabolites is the feces. In humans, 12% to 15% of an orally administered dose of beclomethasone dipropionate is 
excreted in the urine as both conjugated and free metabolites of the drug. The half-life of beclomethasone dit-opionate in 
humans is approximately 15 hours 


Studies have shown that the degree of binding to plasma proteins is 87% 


INDICATIONS AND USAGE BECONASE Nasal Inhaler is indicated for the relief of the symptoms of seasonal or perennial 
rhinitis in those cases poorly responsive to conventional treatment 


Clinical studies have shown that improvement is usually apparent within a few days. However, symptomat = relief may 
not occur in some patients for as long as 2 weeks. Although systemic effects are minimal at recommesded doses, 
BECONASE should not be continued beyond 3 weeks in the absence of significant symptomatic improvement BECONASE 
should not be used in the presence of untreated localized infection involving the nasal mucosa 


CONTRAINDICATIONS Hypersensitivity to any of the ingredients of this preparation contraindicates its use 


WARNINGS The replacement of a systemic corticosteroid with BECONASE Nasal Inhaler can be accompaniec by signs of 
adrenal insufficiency 


When transferred to BECONASE Nasal Inhaler, careful attention must be given to patients previously treated fer prolonged 
periods with systemic corticosteroids. This is particular! y important in those patients who have associate’ asthma or 
other clinical conditions, where too rapid a decrease in systemic Corticosteroids may cause a severe exacerb ‘tion of their 
symptoms 


Studies have shown that the combined administration of alternate-day prednisone systemic treatment and sally inhaled 
beclomethasone increase the likelihood of HPA suppression compared to a therapeutic dose of either one alone. Therefore. 
BECONASE treatment should be used with caution in patients already on alternate day prednisone regimens for any 
disease 


PRECAUTIONS General: During withdrawal from oral steroids. some patients may experience symptoms of withdrawal. e.g 
joint and/or muscular pain, lassitude, and depression 


In clinical studies with beclomethasone dipropionate administered intranasally, the development of localized infections of 
the nose and pharynx with Candida albicans has occurred only rarely. When such an infection develops. it may require 
treatment with appropriate local therapy or discontinuance of treatment with BECONASE Nasal Inhaler 


Beclomethasone dipropionate is absorbed into the circulation. Use of excessive doses of BECONASE Nasal inhaler may 
suppress HPA function 


BECONASE should be used with caution, if at all. in patients with active or quiescent tuberculous infecions of the 
respiratory tract, or in untreated fungal, bacterial, systemic viral infections or ocular herpes simplex 


Because of the inhibitory effect of corticosteroids on wound healing, patients who have experienced recent aasal septal 
ulcers, nasal surgery. or trauma should not use a nasal corticosteroid until healing has occurred 


Although, systemic effects have been minimal with recommended doses. this potential increases with excessive doses 
Therefore, larger than recommended doses should be avoided 


Information for Patients: Patients should use BECONASE Nasal Inhaler at regular intervals since its effectiveness depends 
on its regular use. The patient should take the medication as directed. It is not acutely effective and the prescribed dosage 
should not be increased. Instead nasal vasoconstrictors or oral antihistamines may be needed until the effeets of BECO- 
NASE Nasal Inhaler are fully manifested. One to two weeks may pass before full relief is obtained. The patient should 
contact the doctor if symptoms do not improve, or if the condition worsens. or if sneezing or nasal irritatior occurs. For 
the proper use of this unit and to attain maximum improvement. the patient should read and follow the accompanying 
Patient's Instructions carefully 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Treatment of rats for a total of 95 weeks. 13 weeks by inhalation and 82 
weeks by the oral route, resulted in no evidence of carcinogenic activity Mutagenic studies have not been perfarmed 


Impairment of fertility, as evidenced by inhibition of the estrous cycle in dogs, was observed following treatment by the 
oral route. No inhibition of the estrous cycle in dogs was seen following treatment with beclomethasone dipropionate by 
the inhalation route 


Pregnancy Category C: Like other corticoids, parenteral (subcutaneous) beclomethasone dipropionate has been shown to 
be teratogenic and embryocidal in the mouse and rabbit when given in doses approximately ten times the human dose. In 
these studies, beclomethasone was found to produce fetal resorption, cleft palate, agnathia, microstomia absence of 
tongue, delayed ossification. and agenesis of the thymus. No teratogenic or embryocidal effects have been seen in the rat 


Glaxo Glaxo Inc. Ft. Lauderdale, Florida 33309 


when beclomethasone dipropionate was admin:stered by inhalation at 10 times the human dose or Orally at 1000 times 
the human dose. There are no adequate and well-controlled studies in pregnant women. Beclomethasone dipropionate 
Should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus 


Nonteratogenic Effects: Hypoadrenalism may occur in infants born of mothers receiving Corticosteroids during pregnancy. 
Such infants should be carefully observed 


Nursing Mothers: It is not known whether beclomethasone dipropionate is excreted in human milk. Because other cortico- 
steroids are excreted in human milk. caution should be exercised when BECONASE Nasal Inhaler is administered to 
nursing women 


Pediatric Use: Safety and effectiveness in children below the age of 12 years have not been established 


ADVERSE REACTIONS In general, side effects in clinical studies have been primarily associated with the nasal mucous 
membranes 


Adverse reactions reported in controlled clinical trials and long term open studies in patients treated with BECONASE are 
described below 


Sensations of irritation and burning in the nose (11 per 100 patients) following the use of BECONASE Nasal Inhaler have 
been reported. Also. occasional sneezing attacks (10 per 100 patients) have occurred immediately following the use of the 
intranasal inhaler 


Localized infections of the nose and pharynx with Candida albicans have occurred rarely, (See PRECAUTIONS) 
Less than 2 per 100 patients reported transient episodes of bloody discharge from the nose 


Ulceration of the nasal mucosa has been reported rarely. Systemic corticosteroid side effects were not reported during the 
controlled clinical trials. If recommended doses are exceeded, however. or if individuals are particularly sensitive. symp- 
toms of hypercorticism, i.e.. Cushing's syndrome. could occur 


DOSAGE AND ADMINISTRATION Adults and Children 12 years of age and over the usual dosage is one inhalation (42 mcg) in 
each nostril two to four times a day (total dose 168-336 mcg/day). Patients can often be maintained on a maximum dose 
of one inhalation in each nostril three times a day (252 mcg/day) 


In patients who respond to BECONASE Nasal Inhaler, an improvement of the symptoms of seasonal or perennial rhinitis 
usually becomes apparent within a few days after the start of BECONASE Inhaler therapy 


The therapeutic effects of corticosteroids, unlike those of decongestants are not immediate This should be explained to 
the patient in advance in order to ensure cooperation and continuation of treatment with the prescribed dosage regimen 


BECONASE Nasal Inhaler is not recommended for children below 12 years of age 


In the presence of excessive nasal mucus secretion or edema of the nasal mucosa, the drug may fail to reach the site of 
intended action. In such cases it is advisable to use a nasal vasoconstrictor during the first two to three days of 
BECONASE Nasal Inhaler therapy 


Directions for Use: Illustrated patient instructions for proper use accompany each package of BECONASE Nasal Inhaler 


CONTENTS UNDER PRESSURE. Do not puncture Do not use or store near heat or open flame Exposure to temperatures 
above 120°F may cause bursting. Never throw container into fire or incinerator Keep out of reach of children 


OVERDOSAGE When used at excessive doses, systemic corticosteroid effects such as hypercorticism and adrenal suppres- 
Sion may appear If such symptoms appear. the dosage should be decreased. The oral LD,, of beclomethasone dipropion- 
ate is greater than 1 g/kg in rodents. One canister of BECONASE contains 8.4 mg. of beclomethasone dipropionate. 
therefore acute overdosage is unlikely 


HOW SUPPLIED BECONASE Nasal Inhaler, 16.8 c canister: box of one. Supplied with nasal adapter and patient's instruc- 
tions: (0173-0336-88) 


Store between 2° and 30°C (36° and 86°F}. 


Manufactured by Glaxo Operations—UK Ltd.. 
Greenford, England for Glaxo Inc., Ft. Lauderdale, FL 33309 8/81 
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OTO 83 


Third Tri-annual Conference 


Otology, Neurotology, and 
Laser Microsurgical Techniques 


June 2-4, 1983 


Hyatt Regency, San Francisco 


Rodney Perkins, MD, Program Director 


Format integrates basic science with practical 
surgical and medical therapy using a compre- 
hensive syllabus, electronic audience response 
system and illustrated surgical and laser tech- 
nique tricks. 


Concurrent Audiology Meeting 


24 Hours Category I Credit 


For further information contact: Project 
HEAR, 1801 Page Mill Road, Palo Alto, CA 
94304 (415) 494-2000. 


AMERICAN RHINOLOGIC SOCIETY 


announces 
Postgraduate Introductory Course 


NASAL SEPTAL PYRAMID SURGERY 
AND 
CLINICAL RHINOMANOMETRY 


Based on the Dr. Maurice H. Cottle Technique 
August 20-25, 1982 


University of Missouri School of Dentistry 
Kansas City, Missouri 


This practical course is designed to introduce the basic 
philosophy of the late Dr. Maurice H. Cottle, and will in- 
clude exhibits, lectures, T.V. surgery, and cadaver dissec- 
tion by members and guests of the American Rhinoløgic 
Society. 
Special attention to the physiological concepts of diagnosis 
and surgical treatment for nasal and septal deformities. 
Clinical office rhinomanometry will be presented in lec- 
ture, and practical application will be demonstrated. 

Registration fee: Physicians - $600 

Residents - $300 


Through the Dr. Maurice H. Cottle Education and Research 
Fund a few part and full pay tuitions are available. 


To register contact: P.A. Barelli, MD, Course Director, 2929 
Baltimore, Suite 105, Kansas City, MO 64108. (816) 
561-4423. 


Category 1 — AMA credit 





HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 








| HILGER FACIAL NERVE STIMULATOR 





MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
current measurements with readings 
Statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable battery, 
Model! 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 


J 









Detailed information is available from — 


WR menica 


ELECTRONICS CO. 


1I995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 55113 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 











In Allergic Rhinitis.. 





Inflammation reduced- 
nasal passages cleared through safe, 
topically applied steroid control 





Dramatic Clinical Benefits Demonstrated 








Before Vancenase treatment After Vancenase Treatment 

Left nostril before VANCENASE Nasal Inhaler Left nostril after using VANCENASE Nasal Inhaler for 
treatment: eight weeks: 

See marked swelling of turbinate with partally Note marked reduction of turbinate size with 
obstructed airway, moderate amount of thin and Improvement in nasal patency; minimal secretion, pink 


thickened secretions, red mucosa. (normal) mucosa. 


Consider 


ancenase 
Nasal Inhaler 


brand of 












eclomethasone 
dipropionate, USP 











Effective intranasal steroid control 
with proven safety and convenience 


= Allows freer breathing by direct steroid control 
of inflamed/boggy nasal mucosa 


On intranasal application, VANCENASE™ (brand of beclomethasone dipropionate) provides effective 
steroid control of seasonal or perennial rhinitis symptoms* to relieve congestion and permit freer 
breathing. Initial relief can be expected within a few days, with maximum improvement seen during the 
second week of therapy. ' 


= Assures well-tolerated therapy with a minimum 
of side effects and no adrenal suppression" 


The automatic VANCENASE metered-dose aerosol unit assures accurate delivery of safe, minimal 
quantities of drug for maximum effectiveness and maximum safety. No amounts greater than the 
recommended dose are administered when simple directions are followed thus precluding the possibility 
of adrenal suppression. 


@ Easy to carry...easy to use 


The VANCENASE metered-dose aerosol is small and easy to carry, thus patients can follow your 
prescribing directions any time of day, in any location, with minimal! inconvenience. The simple b.1.d. 
dosage promotes patient compliance assuring you that your patient's allergic rhinitis is properly controlled. 


*In those patients poorly responsive to conventional treatment 

+Since VANCENASE Nasal Inhaler is not immediately effective, patients should be advised not to increase the dose Deyond that prescrided in an effort to obtain a response. Instead. nasa 
decongestants or oral antihistamines may be needed until the effects of VANCENASE Nasal Inhaler are developed. In some oatients, one or two weeks may pass before full relef is obtained. This 
relief can then be easily maintained with the recommended doses ~~ 

ttWhen used at recommended dosage. Use of excessive doses of VANCENASE may suppress hypothalamic-pituitary-adrena function 


Source: Files 


Please see Clinical Considerations section which follows... 






In Allergic Rhinitis 


-NE N--> 

Nasal Inhaler 
beclomethasone 
dipropionate, USP 


For Nasal Inhalation Only 
CLINICAL CONSIDERATIONS: 


INDICATIONS AND USAGE = VANCENASE Nasal Inhaler is indicatec for the relief of 
the symptoms of seasonal or perennial rhinitis in those Cases poorly responsive to 
conventional treatment. 

Clinical studies have shown that Mprovement ıs usually apparent wEhin a few days 
However, symptomatic relief May not occur in some patients for as lonj as two weeks. 
Although systemic effects are minimal at recommended doses. VANCEMASE should not 
be continued beyond three weeks in the absence of significant symptomat c improvement. 
VANCENASE should not be used in the presence of untreated localized intct on involving 
the nasal mucosa. 


CONTRAINDICATIONS Hypersensitivity to any of the ingredients of this preparation 
Contraindicates its use 





WARNINGS The replacement of a Systemic corticosteroid with VAY CENASE Nasal 
Inhaler can be accompanied by Signs of adrenal insufficiency 

When transferred to VANCENASE Nasal Inhaler. careful attention MUS! DE given to 
patients previously treated tor prolonged periods with systemic cortico-teroids. This is 
particularly important in those patients who have associated asthma cr other clinical 
conditions, where too rapid a decrease in systemic corticosteroids may cause a severe 
Exacerbation of their symptoms 

Studies have shown that the combined administration of alternate Jay prednisone 
Systemic treatment and orally inhaled beclomethasone increased the likelihood of HPA 
SUPPression Compared to a therapeutic dose of either one alone, Thereto e. VANCENASE 
treatment should be used with caution in patients already on alternate day prednisone 
regimens for any disease 


PRECAUTIONS General: During withdrawal from oral steroids some patients may 
experience Symptoms of withdrawal, e.g., joint and/or muscular pain lassitude, and 
depression 

In clinical studies with beclomethasone dipropionate administered ntranasally, the 
development of localized infections of the nose and pharynx with Candra albicans has 
occurred only rarely. When such an infection develops. it May require treatment with 
appropriate local therapy or discontinuance of treatment with VANCENAS Nasal Inhaler 

Beclomethasone dipropionate is absorbed into the circulation. Use of excessive doses 
of VANCENASE Nasal Inhaler may suppress HPA function 

VANCENASE should be used with caution, if at all. in patients with act ve or quiescent 
tuberculous infections of the respiratory tract. or in untreated fungal. bacterial. systemic 
vital infections, or ocular herpes simplex. 

Because of the inhibitory effect of corticosteroids on wound healing. paients who have 
experienced recent nasal septal ulcers, nasal surgery, or trauma should ot use a nasal 
corticosteroid until healing has occurred 

Although systemic effects have been minimal with recommended doss. this potential 
Increases wilh excessive doses. Therefore, larger than recommended dses should be 
avoided 


Information for Patients: Patients should use VANCENASE Nasal Irhaler at regular 
intervals since its effectiveness depends on its regular use. The patient should take the 
medication as directed. It is not acutely effective and the prescribed dosac should not be 
increased. Instead, nasal vasoconstrictors or oral antihistamines May be seeded until the 
effects of VANCENASE Nasal Inhaler are fully manifested. One to two weeks May pass 
before full relief is obtained. The patient should contact the doctor if synptoms do not 
improve, or if the condition worsens. or if sneezing or nasal irritation dccurs. For the 
proper use of this unit and to attain maximum mprovement, tne patient Siould read and 
follow the accompanying PATIENT'S INSTRUCTIONS carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Treatment of rats for a 
total of 95-weeks, 13 weeks by inhalation and 82 weeks by the oral route resulted in no 
evidence of carcinogenic activity. Mutagenic studies have not been perfcrmed 
Impairment of fertility, as evidenced by inhibition of the estrus cycl2 in dogs, was 
observed following treatment by the oral route. No inhibition of the estrus cycle in dogs 
was seen following treatment with beclomethasone dipropionate by the i ahalation route 


Pregnancy Category C: Like other corticoids. parenteral (SubGutaneous) be- 
clomethasone dipropionate has been shown to be teratogenic and embryocidal in the 
mouse and rabbit when given in doses approximately ten times the humas dose. In these 
Studies beclomethasone was found to produce fetal resorption. cleft palate agnathia, 
microstomia, absence of tongue, delayed ossification, and agenesis of ne thymus. No 
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Kenilworth, New Jersey 07033 





teratogenic or embryocidal effects have been seen in the rat when beclomethasone 
dipropionate was administered by inhalation at ten times the human dose or Orally at 1000 
times the human dose. There are no adequate and well-controlled Studies in pregnant 
women. Beclomethasone dipropionate should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus 


Nonteratogenic Effects: Hypoadrenalism May occur in infants born of mothers 
receiving corticosteroids during pregnancy. Such infants should be Carefully observed. 


Nursing Mothers: It is not known whether beclomethasone dipropionate is excreted 
n human milk. Because other corticosteroids are excreted in human milk Caution should 
oe exercised when VANCENASE Nasal Inhaler is administered to nursing women. 


Pediatric Use: Safety and effectiveness in children below the age of 12 years have not 
Deen established 


ADVERSE REACTIONS In general, side effects in clinical studies have been primarily 
associated with the nasa’ mucous membranes. Adverse reactions reported in controlled 
clinical trials and long-term open studies in patients treated with VANCENASE are 
described below 

Sensations of irritation and burning in the nose (11 per 100 patients) following the use 
of VANCENASE Nasal Inhaler have been reported. Also. occasional sneezing attacks (10 
per 100 patients) have occurred Immediately following the use of the intranasal inhaler 

Localized infections cf the nose and pharynx with Candida albicans have occurred 
rarely. (See PRECAUTIONS ) 

Less than 2 per 100 patients reported transient Episodes of bloody discharge from the 

Ulceration of the nasa mucosa has been reported rarely. Systemic corticosteroid side 
effects were not reported during the controlled clinical trials. If recommended doses are 
exceeded, however, or if individuals are particularly sensitive, symptoms of hypercorti- 
cism, i.e., Cushing's syndrome could occur 


DOSAGE AND ADMINISTRATION Adults and Children 12 years of age and 
over: ihe usual dosage is one inhalation (42 mcg) in each nostril two to four times a day 
(total dose 168-336 mcg/day). Patients can often be maintained on a maximum dose of 
one inhalation in each nostril three times a day (252 mcg day). 

IN patients who respond to VANCENASE Nasal Inhaler an Improvement of the 
symptoms of seasonal or perennial rhinitis usually becomes apparent within a few days 
alter the start of VANCENASE Nasal Inhaler therapy 

The therapeutic effects of corticosteroids. unlike those of decongestants are not 
mmediate. This should be explained to the patient in advance in order to ensure 
cooperation and continuation of treatment with the prescribed dosage regimen 

VANCENASE Nasal Inraler is not recommended for children below 12 years of age. 

In the presence of excessive nasal mucus secretion or edema of the Nasal mucosa, the 
drug may fail to reach the site of intended action. In such cases it is advisable to use a 
nasal vasoconstrictor during the first two to three days of VANCENASE Nasal Inhaler 
therapy 


Directions for Use: Illustrated PATIENT INSTRUCTIONS for proper use accompany 
each package of VANCENASE Nasal Inhaler 


CONTENTS UNDER PRESSURE. Do not puncture. Do not use or store near heat or open 
tlame. Exposure to temperatures above 120°F May Cause bursting. Never throw container 
nto fire of incinerator. Keep out of reach of children 


OVERDOSAGE When used at excessive doses. systemic corticosteroid effects such as 
nypercorticism and adrenal suppression may appear. If such symptoms appear. the dosage 
snould be decreased 

The oral LD., of beclomethasone dipropionate is greater than 1 g/kg. One canister of 
VANCENASE Nasal Inhal2r contains 8.4 mg of beclomethasone dipropionate. therefore 
acute overdosage is unlikely 


HOW SUPPLIED VANCENASE Nasal Inhaler. 16.8 g Canister; box of one. Supplied 
with nasal adapter and PATIENT'S INSTRUCTIONS; (NDC 0085-0041-04) 


Store between 2° and 30°C (36° and 86°F). 


Manufactured by Aerosol Techniques, Inc.. Armstrong Laboratories Division. 
West Roxbury, MA 02°23 for Schering Corporation, Kenilworth, N.J. 07033. 


For more complete details, consult package insert or Schering literature 
available from your Schering Representative or Professional Services De- 
partment, Schering Corporation, Kenilworth, New Jersey 07033. 
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FIRST INTERNATIONAL SYMPOSIUM AND WORKSHOPS 
ON SURGERY OF THE INNER EAR 


At Snowmass-Aspen, Colorado, USA 
August 14-21, 1982 


MAJOR TOPICS: 


ENDOLYMPHATIC HYDROPS, VERTIGO, 
COCHLEAR IMPLANTS, PERILYMPH FISTULA, 


SUDDEN DEAFNESS AND TINNITUS 


HONORING: 


PROF. DR. GEORGES PORTMANN, 


Bordeaux, FRANCE 


GEORGE E. SHAMBAUGH, JR., M.D., 


Hinsdale, Illinois 


WILLIAM F. HOUSE, M.D., 
Los Angeles, California 


PROGRAM CHAIRMEN: 


|. Kaufman Arenberg, M.D., Denver, Colorado 


Thomas J. Balkany, M.D., Denver, Colorado 


For Further Information Write or Ca 


Mary Ann Crist 


2525 South Downing Street 
Denver, Colorado 80210, USA 
Phone 30 3 7é 4 


CULTURAL EVENTS: 


Aspen Music Festiva 
Ballet West 

Pilgrim Reperatory Theater 

Aspen Literary Foundation Lecture Series 
Aspen Center for Visual Arts 


Anderson Ranch Arts Center 


RECREATIONAL EVENTS: 
White River Raft Trip 

Ashcroft Ghost Town Trip 

Mountain Jeep Trip 

Hot Air Balloon Ride 

Horseback Riding/ Mountain Hikiag 
Nature Trails 

Glider -Flights / Biplanes/Hang-Giiding 


SPECIAL SOCIAL EVENTS: 


Welcome Wine and Cheese Party 
Art Gallery Tour with Reception 
Prosper Meniere Society Banque! 
Tennis Tournament 

Golt Tournament 

Breaktast Horseback Ride 


| 
A 


1. E ire 
Colorado Otologic Research Center CORC 


Sponsored by the Colorado Otologic Research Center - COE 


at Porter Memorial Hospital/ 


nsored by the Lister 


Swedish Medical Center, Denver, Colorado 


Foundation and Aspen Camp School tor the Deat 


FEATURED SPEAKERS: 


George W. Allen, M.D., Chicago 

Jerome Alpiner, Ph.D., Denver 

|. Kaufman Arenberg, M.D., Denver 
Thomas J. Balkany, M.D., Denver 

Paul Bretlau, M.D., DENMARK 

Prof. Dr. Kurt Burian, AUSTRIA 

Prof. Dr. Ugo Fisch, SWITZERLAND 
W.P.R. Gibson, M.D., FRCS, ENGLAND 
Michael Glasscock, Ill, M.D., Nashville 
Victor Goodhill, M.D., Beverly Hills 
Howard P. House, M.D., Los Angeles 
William F. House, M.D., Los Angeles 
Sam Kinney, M.D., Cleveland 

Masaaki Kitahara, M.D., JAPAN 

H.E. Maddox, Ill, M.D., Houston 

Michael M. Merzenich, Ph.D., San Francisco 
William M. Meyerhoftf, M.D., Minneapolis 
Robin P. Michaelson, M.D., Sar Francisco 
Josef M. Miller, Ph.D., Seattle 

Andrew W. Morrison, FRCS, ENGLAND 
Alec F. O'Connors, FRCS, ENGLAND 
Michael M. Paparella, M.D., Minneapolis 
Rodney Perkins, M.D., Palo Alt 

Harold C. Pillsbury, Ill, M.D., New Haven 
Prof. Dr. D. Plester, WEST GERMANY 
Prof. Dr. M. Portmann, FRANCE 

Prof. Dr. Georges Portmann, FRANCE 
Helge Rask-Andersen, M.D., SWEDEN 
Wallace Rubin, M.D., New Orleans 
Robert Schindler, M.D., San Francisco 
George E. Shambaugh, Jr., M.D., Hinsdale 
John J. Shea, M.D., Memphis 

Herbert Silverstein, M.D., Sarasota 

F. Blair Simmons, M.D., Palo Alto 

Prof. Dr. Jan Stahle, SWEDEN 

Richard J. Wiet, M.D., Hinsaale 

J. William Wright, Jr., M.D., Indianapolis 
Galdino E. Valvassori, M.D., Cnicag: 


CLINICAL DIRECTOR 


Opening Date: May 1, 1982/Closing Date: June 30, 1982 


The National Institute of Neurological and Com- 
municative Disorders and Stroke, National Institutes of 
Health, Public Health Service, invites nominations and 
applications for the position of Clinical Director. The 
incumbent administers clinical research activities in the 
Intramural Research Program, and supervises patient 
care resources. In addition, the Clinical Director has the 
opportunity to utilize outstanding hospital amd labora- 
tory facilities to conduct clinical and basic research in 
the neurological and communicative sciences. Manda- 
tory requirements include a Medical Degree, clinical 


training and experience in neurology, neurosurgery or 


otolaryngology, and relevant research expenence. Can- 
didates are expected to demonstrate evidence of schol- 
arly achievement and professional stature, leadership 
and skill in the development and administration of 
clinical and basic research programs, and the capacity 
for training investigators in the neurological and com- 
municative disorders and the ability to implement equal 


opportunity objectives. Candidates will be evaluated by 


NIH IS AN EQUAL OPPORTUNITY EMPLOYER 


27a 


a panel ef experts in the field. The vacancy may be 
filled through the Public Health Service Commissioned 
Corps, or a career Civil Service appointment, subject to 
competitive procedures prescribed by the Office of 
Personnel Management. 

The basic salary ($54,755-$58,500) may be sup- 
plemented by the Physician’s Comparability Allow- 
ances ($5,000-$10,000) as determined by qualifications. 
Applications include a Curnculum Vitae, bibliography, 
and a Personal Qualifications Statement (Form SF-171). 
These should be submitted by June 30, 1982 to: 


Mr. Wallace W. Holland 
Personnel Management Specialist 
Building 31, Room 8A25 
National Institutes of Health 
NINCDS Personnel Office 
9000 Rockville Pike 
Bethesda, Maryland 20205 





Advance Registrations Now Being Accer ted 


TEMPORAL BONE 
SURGICAL DISSECTION COURSE 


HOUSE EAR INSTITUTE 


In Cooperation With 
University of Southern California School of Medicine 


TWO WEEKS EACH 


November 1982, 
March, April, October and November 1983 


Participants spend four hours daily in the dissection 
laboratory and four hours observing live telecasts of 
correlated surgery. Early evening lectures and films 
include demonstration and practice of multiple ap- 
proaches to the structures of the temporal bone as 
used by members of the Otologic Medical G-oup, 
Inc. 


Each course limited to 24 board certified or board 
eligible otolaryngologists and residents. 


Tuition aes Currency): 
Physicians — $1500 
Residents — $1200 (with letter from 
Chief of Service). 


CME Credit: 100 Hours 


For further information: Antonio De La Cruz, MD, 
Director, Temporal Bone Surgical Dissection 
Course, House Ear Institute, 256 South Lake Sreet, 
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CALL FOR PAPERS 


The AAFPRS is requesting submission of papers 
for consideration for presentation at our fall 
meeting which will be held in conjunction with the 
American Academy of Otolaryngology-Heac and 
Neck Surgery in New Orleans October 19-21, 1982. 
We are particularly soliciting papers pertaining to 
basic research in facial plastic and reconstructive 
surgery. Papers on any topic within the rea m of 
facial plastic and reconstructive surgery will be con- 
sidered. The emphasis on this meeting will be basic 
research and facial plastics. 


Please submit seven (7) copies of your abstrect by 
June 15, 1982. Authors will be notified of accept- 
ance/rejection by August 1, 1982. Please hdp us 
make this a most meaningful program. 


Submit all abstracts to: Ted A. Cook, MD. Suite 
300 West, Fifth and Browne Medical Center, West 
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838-8272, or Charles W. Cummings, MD, Professor 
and Chairman, Department of Otolaryngolo zy — 
Head and Neck Surgery RL-30, Universi-y of 
Washington, Seattle WA 98195 (206) 543-523). 
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Drixoral 


brand of dexbrompheniramine maleate 6 mg. 
and pseudoephedrine sulfate 120 mg. 


Sustained-Action Tablets opens 

the way...in nasal/sinus congestion 
and blocked eustachian tubes ...in 
sneezing, runny nose, itchy eyes, and 
other allergic symptoms ...for up to 

24 hours with convenient b.i.d. dosage 


Clinical Considerations: 


INDICATIONS DRIXORAL Sustained-Action Tablets are indicated for 
the relief of symptoms of upper respiratory mucosal congestion in sea- 
sonal and perennial nasal allergies, acute rhinitis, rhinosinusitis, and 
eustachian tube blockage. 


CONTRAINDICATIONS Hypersensitivity to dexbrompheniramine 
maleate or other antihistamines of similar chemical structure or to 
pseudoephedrine contraindicates the use of DRIXORAL Sustained-Action 
Tablets. 

Antihistamines should not be used to treat lower respiratory tract symp- 
toms. Antihistamines are also contraindicated for use in conjunction with 
monoamine oxidase (MAO) inhibitor therapy 

Pseucoephedrine sulfate is contraindicated in patients who have shown 
hypersersitivity or idiosyncrasy to adrenergic agents, which may be mani- 
fested by insomnia, dizziness, weakness, tremor, or arrhythmias. In 
patients with severe hypertension, severe coronary artery disease, hyper- 
thyroidism, and in those receiving MAO inhibitor therapy or within 10 days 
of stopping such treatment, sympathomimetic amines are contraindicated 


WARNINGS = Dexbrompheniramine, as with all antihistamines, should 
be used with caution in patients with narrow angle glaucoma, stenosing 
peptic ulcer, pyloroduodenal obstruction, symptomatic prostatic hypertro- 
phy, and bladder neck obstruction. Overdosage of antihistamines may 
cause hallucinations, convulsions, or death, especially in infants and 
children 

Products containing dexbrompheniramine maleate have additive effects 
with alcchol and other CNS depressants (hypnotics, sedatives, tranquil- 
izers, etc.). Patients should not engage in activities requiring mental alert- 
ness, such as driving a car or operating machinery. 

Antihistamines are more likely to cause dizziness, sedation, and hypo- 
tension in elderly patients (approximately 60 years or older) 

In patients with prostatic enlargements, pseudoephedrine may increase 
difficulty in micturition. In patients with narrow angle glaucoma, it may 
precipitate angle closure. It should also be used with caution and ata 
lower dosage in the elderly, who are more sensitive to the CNS stimulating 
effects o the drug which may result in confusion, delirium, hallucinations, 
and convulsions. The safe use of a short-acting sympathomimetic, particu- 
larly in the elderly patient, should be demonstrated before considering the 
use of a sustained-action tablet. 


PRECAUTIONS General: Dexbrompheniramine maleate has an 
atropine-like action and therefore products containing it should be used 
with caution in patients with: a history of bronchial asthma: increased 
intraocular pressure; hyperthyroidism; cardiovascular disease: 
hypertension 

Pseudoephedrine should be used with caution in patients with hyper- 
tension, diabetes mellitus, ischemic heart disease, angina, or in patients 
receiving digitalis 

Use in Pregnancy: DRIXORAL Sustained-Action Tablets should not be 
administered in the first and second trimesters of pregnancy until safety of 
their use during this period is established. However, dexbrompheniramine 
maleate should not be used in the third trimester of pregnancy because 
newborr and premature infants may have severe reactions, such as con- 
vulsions, to antihistamines. 

Nursing Mothers: \t is not known whether this drug is excreted in 
human milk. Caution should be exercised when DRIXORAL Sustained- 
Action Tablets are administered to a nursing woman because: certain anti- 
histamires are known to be excreted in human milk; dexbrompheniramine 
maleate is contraindicated in newborn and premature infants: there is a 
report of irritability, excessive crying, and disturbed sleeping patterns in a 
nursing infant whose mother had taken a product containing dexbrom- 
pheniramine maleate and pseudoephedrine 

Pediatric Use: Safety and effectiveness in children below the age of 12 
years have not been established 


ADVERSE REACTIONS Dexbrompheniramine maleate 

Slight to moderate drowsiness is the most frequent side effect of dex- 
brompheniramine maleate. Other possible side effects of antihistamines 
include 

General: urticaria, drug rash, anaphylactic shock, photosensitivity, 
excessive perspiration, chills, dryness of mouth, nose, and throat 

Cardiovascular System: headache, palpitations, tachycardia, extrasys- 
toles, hypotension. 

Hematologic System: hemolytic anemia, hypoplastic anemia, thrombo- 
cytopenia, agranulocytosis. 

Nervous System: sedation, dizziness. vertigo, tinnitus, acute labyrin- 
thitis, disturbed coordination, fatigue, confusion, restlessness, excitation 
nervous ess, tremor, irritability, insomnia, euphoria, paresthesias, blurred 
vision, hysteria, neuritis, convulsions 

Gastrointestinal System: epigastric distress, anorexia, nausea, vomit- 
ing, diarrhea, constipation 

Geniiourinary System. urinary frequency, difficult urination, urinary 
retention, early menses 

Resp’ratory System: thickening of bronchial secretions, tightness of 
chest, wheezing, nasal stuffiness 

Pseudoephedrine sulfate 

Pseudoephedrine, like other sympathomimetic amines, may cause dis- 
turbing reactions, such as fear, anxiety, excessive perspiration, tenseness 
restlessness, throbbing headache, tremor, weakness, dizziness, nausea, 
pallor, dysuria, respiratory difficulty, palpitations, tachycardia, and insom- 
nia. Hyperthyroid and hypertensive individuals are particularly susceptible 
to the untoward and pressor responses of pseudoephedrine, which may 
also induce angina, hypertension, and cardiac arrhythmias. Sympathomi- 
metics have also produced CNS depression and cardiovascular collapse 
with accompanying hypotension. In psychoneurotic individuals, existing 
symptoms are often markedly exaggerated by the drug. The elderly are par- 
ticularly sensitive to the CNS stimulating effects, and hallucinations and 
convulsions have occurred. Symptoms of unusual sensitivity to the effects 
of pseudoephedrine have been reported in an infant with phenylketonuria 
11808131 MAY 1980 

For more complete details, consult package insert or 
Schering literature available from your Schering Representative 
or Professional Services Department, Schering Corporation, 
Kenilworth, New Jersey 07033. SLS-638 
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Sustained-Action Tablets 
antihistamine/decongestant action 
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relief in upper 
respiratory 
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See Clinical Considerations section on opposite page. 
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University of Texas Health Center at San Antonio 
American Academy of Facial Plastic and 
Reconstructive Surgery 


THIRD ANNUAL 
MAXILLOFACIAL TRAUMA WORKSHOP 
November 5-7, 1982 


Course Directors 
G. Richard Holt, MD: Douglas E. Mattox, MD 


Featured Speakers 
Byron Bailey, MD, Galveston; George Gates, MD, 
San Antonio; William Meyerhoff, MD, Dallas 


The workshop is designed for both the practicing sur- 
geon and resident-in-training desiring in-depth education 
in the management of maxillofacial injuries. Lectures will 
stress an integrated and multidisciplinary approach. Em- 
phasis will be placed on diagnosis and the formulation of a 
treatment plan in complex injuries including soft tissue re- 
pair and fracture reduction and fixation. Participants will 
analyze difficult cases and faculty panels will discuss con- 
troversial topics. Laboratory exercises will allow the par- 
ticipant to practice interdental wiring, transosseous wir- 
ing, splint fabrication and approaches to sinus fractures. 


Registration fee: $275 Nonmembers of AAFPRS: $225 
Members of AAFPRS; $150 Residents-in-training. 


22 Hours Credit — AMA Category I 


For further information contact: Medical School Con- 
tinuing Education Services, University of Texas Health Sci- 
ence Center at San Antonio, 7703 Floyd Curl Drive, San 
Antonio, TX 78284, (512) 691-6295. 
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INTERNATIONAL FELLOWSHIP 
OTOLARYNGOLOGY 


A one-year or six-month international 
fellowship, to commence July 1, 1982, is 
offered. This year of structured learning 
will consist of courses in otology, audiol- 
ogy, basic sciences, and clinical otolaryn- 
gic sciences. It also includes temporal bone 
dissection, observation of clinical and sur- 
gical methods and procedures. 


For further information contact: 


Dr. Frank Lassman 
Department of Otolaryngology and 
International Lions Hearing Center 

University of Minnesota 
Medical Schooi and Hospitals 
Box 396 Mayo Memorial 
Minneapolis, MN 55455. 
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of otitis externa 
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to specify: 












Otic Solution sterile 
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Economical broad-spectrum bactericidal 


CORTISPORIN® OTIC SUSPENSION Sterile (Polymyxin B-Neomycin-Hydro- 
cortisone) 
DESCRIPTION Each cc contains: 


Aerosporin® (Polymyxin B Sulfate)... 10,000 units 
Neomycin sulfate (equivalent to 3.5 mg neomycin base) 5 mg 
Hydrocortisone..................... 10 mg (1%) 


ternal auditory canal caused by organisms susceptible to the acton of the anti- 
biotics, and for the treatment of infections of mastoidectomy and fenestration 
cavities caused by organisms susceptible to the antibiotics. 

PRECAUTIONS: This drug should be used with care in cases of perforated 
eardrum and in long-standing cases of chronic otitis media because of the possi- 
bility of ototoxicity caused by neomycin. 

CORTISPORIN® OTIC SOLUTION Sterile (Polymyxin B-Neomycin-Hydrocortisone) 
DESCRIPTION: Each cc contains: 


Aerosporin® (Polymyxin B Sulfate)... 10,000 units 

Neomycin sulfate = a 5 mg 
(equivalent to 3.5 mg neomycin base) 

Hydrocortisone. 10 mg (1%) 


The vehicle contains the inactive ingredients cupric sulfate, g-ycerin, hydro- 
chloric acid, propylene glycol, water for injection and potassium metabisulfite 
(preservative) 0.1% 

INDICATIONS: For the treatment of superficial bacterial infectionssof the external 
auditory canal caused by organisms susceptible to the action of the antibiotics 
PRECAUTIONS: This drug should be used with care when 
the integrity of the tympanic membrane is in question be- 
cause of the possibility of ototoxicity caused by neomycin. Pa 
ADVERSE REACTIONS: Stinging and burning have been hal 
reported when this drug has gained access to the middle ear = 
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simplex, vaccinia and varicella 
WARNINGS: As with other antibiotic preparations, prolonged treatment may 
result in overgrowth of nonsusceptible organisms and fungi. If the infection is 
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When using neomycin-containing products to control secondary infection in the 
chronic dermatoses, such as Chronic otitis externa, it should be borne in mind that 
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to many substances, including neomycin. The manifestation of sensitization to 
neomycin is usually a low grade reddening with swelling, dry scaling and itching; 
it may be manifest simply as a failure to heal. During long-term use of neomycin- 
containing products, periodic examination for such signs is advisable and the 
patient should be told to discontinue the product if they are observed. These 
symptoms regress quickly on withdrawing the medication. Neomycin-containing 
applications should be avoided for that patient thereafter 
PRECAUTIONS: If sensitization or irritation occurs, medication should be dis- 
continued promptly. Patients who prefer to warm the medication before using 
should be cautioned against heating the solution above body temperature, in 
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Treatment should not be continued for longer than ten days. Allergic cross- 
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FIBROUS DYSPLASIA: A REVIEW OF THE DISEASE AND ITS 
MANIFESTATIONS IN THE TEMPORAL BONE 


GEORGE T. NAGER, MD 


DAVID W. KENNEDY, MD ERNEST KOPSTEIN, MD 


BALTIMORE, MARYLAND 


Fibrous dysplasia is a fairly common, localized misdifferentiation of the bone-forming mesenchyme affecting a single or many bones, 
in which skeletal aberrations represent the cardinal feature, but in which certain endocrinopathies, abnormal pigmentation of skin and 
mucous membrane, and occasionally other abnormalities form part of the entire disease process. The craniofacial skeleton is one of its 
predilective sites and therefore the temporal bone may become involved. In such instances the disease manifests itself with 1) progressive 
loss of hearing, 2) increasing obliteration of the external ear canal, and 3) enlargement and distortion of the temporal bone. The first part of 
this communication is concerned with a review of the clinical and pathological aspects of the disease in general. The second part is con- 
cerned with a discussion of the clinical manifestations in the temporal bone, based upon an analysis of the entire literature and the authors’ 
personal experience. The indications for surgical intervention include 1) maintenance of a normal outer ear canal, 2) preservation of 


cochlear and vestibular function, and 3) prevention of secondary complications. 


INTRODUCTION 


Fibrous dysplasia of bone is a disorder of un- 
known etiology, in which skeletal aberrations con- 
stitute the cardinal feature, but in which certain en- 
docrinopathies, abnormal pigmentation of skin and 
mucous membrane, and, at times, other abnormal- 
ities, form part of the total disease process. Fibrous 
dysplasia is by no means a rare disorder. Although 
some of the clinical manifestations had been de- 
scribed earlier, the condition was not recognized as 
an independent disease entity until about four de- 
cades ago. In fibrous dyplasia a single bone, a few, 
or many bones may be affected. In the monostotic 
form of the disease, characterized by involvement 
of a single bone, a rib, the femur, the tibia, or a 
facial bone, especially a jaw bone, may be the site 
of a lesion. In the polyostotic form, in which several 
bones are affected, one limb, more often a lower ex- 
tremity, may be the site of multiple bone lesions. 
Involvement of an upper limb is not uncommonly 
associated with lesions of the skull. Since the facial 
and cranial bones are among the predilective sites, 
and since their involvement may produce symptoms 
of disturbance and dysfunction, fibrous dysplasia 
becomes of particular interest to the otolaryngolo- 
gist. 


Some of the more recent clinical information 
about the disease is unfortunately scattered through- 
out the literature. In the first part of this com- 
munication, therefore, an attempt has been made 
for the convenience of the otolaryngologist to com- 
pile all pertinent data on the pathological and 
clinical aspects of fibrous dysplasia. The second 
part discusses the clinical manifestations of fibrous 


dysplasia as they involve the temporal bone. This 
investigation is based on a scrutinous review of all 
available published material and the careful exam- 
ination and long-term observation of our own pa- 
tients. The case histories of three are reported here 
in detail to portray the salient clinical features. The 
understanding of the mechanism and behavior of fi- 
brous dysplasia enables the otolaryngologist to 
adopt a more meaningful treatment and to join in 
the search for its etiology. 


DEFINITION 


Fibrous dysplasia of bone is a fairly common, 
well-recognized, locally circumscribed, slowly pro- 
gressive, benign disorder of fibro-osseous tissue of 
undetermined etiology. Norma! bone, undergoing 
physiological resorption is replaced by an abnormal 
proliferation of an isomorphous fibrous tissue of 
spindle cells and poorly formed bony trabeculae of 
woven bone. The trabeculae have an irregular size, 
form and distribution. They display no orientation 
or apparent relation to the function of the affected 
cylindrical or flat bone. The disease may be con- 
sidered as an arrest of bone maturation at the im- 
mature stage of woven bone,’ as a disturbance of 
postnatal cancellous bone maintenance,* or as a 
misdifferentiation of the bone-forming mesen- 
chyme.* This proliferation process may sooner or 
later extend beyond normal boundaries and give 
rise to expansion, distortion and structural weak- 
ness. Since it involves primarily the cancellous and 
seldom the cortical bone formation, a lesion re- 
places normal cortex by erosion from within but in 
most instances it is always covered with a shell, 
however thin, of normal cortical bone. 


From the Department of Laryngology and Otology, Johns Hopkins University School of Medicine and Hospital, Baltimore. This study was supported by 
Grant 5 ROI-NS-02182-22 from the National Institute of Neurological and Communicative Disorders and Stroke, USPHS. 
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Fibrous dysplasia may affect a single, several or 
many bones but never all bones. Accordingly, mon- 
ostotic, oligostotic and polyostotic forms are dis- 
tinguished. The preferred sites include tne dia- 
physes and metaphyses of long bones, ribs. pelvis, 
shoulder and craniofacial skeleton. The lesicns tend 
toward a unilateral distribution. The moaostotic 
form generally comes to an arrest at puberty, 
whereas the polyostotic form may progress beyond 
the third and even later decades. The initial clinical 
. symptoms usually appear during the first decade of 
` life. ` They include pain, deformity and repeated 
spontaneous fractures. 


©, The MeCune-Albright syndrome represents a spe- 
cial category of polyostotic fibrous dysplasia. It is 
characterized by extensive, circumscribed, predom- 
-inantly ipsilateral skin pigmentations anc preco- 
_cious sexual development. Females are primarily af- 
fected: Fibrous dysplasia may be associated with 
additional endocrine disorders, particularly with 
hyperthyroidism. 


Fibrous dysplasia may be observed in combina- 
tion with nonendocrine diseases, such as hypophos- 
phatemic vitamin D-resistant rickets or osteomala- 
cia,* adamantinoma of the long bones,** paraos- 
seous fibromas of the soft tissue,” and intraosseous 
and extraosseous arteriovenous aneurysms.°'’° Sar- 
comatous dedifferentiation is a rare comp_ication. 
The estimated incidence is about 0.5%." 


HISTORICAL BACKGROUND 


The first description of the bone lesions was 
found by von Recklinghausen in 1891.” Elmslie’ in 
1914 discussed a case of a 6-year-old male with dis- 
seminated skeletal lesions and skin pigmen-ation in 
the back of the neck. Weil'* in 1922 reported on a 
9-year-old female with pigmented skin patches and 
precocious skeletal and sexual development, calling 
the condition an unusual variation of osteopsathy- 
rosis. During the following years, evidence was in- 
creasing that despite some apparently common fea- 
. tures, essential differences existed between hyper- 
parathyroidism, or generalized osteitis fibzosa cys- 
tica (von Recklinghausen), and localized or dissem- 
- inated osteitis fibrosa, soon to be recognized as 
fibrous dysplasia.'’ Jaffé'® also acknowledged that 
the hitherto unrecognized disease entity differed 
‘from hyperparathyroidism and osteitis deformans 
Paget. Furthermore, it became obvious that this 
bone disease could sometimes be associaced with 
certain extraskeletal manifestations. Freind and 
Meffert!’” reviewed the condition in 1936, under the 
heading of “fibrous osteodystrophy,” and the year 
after, McCune and Bruch" in confirming the sep- 
arate entity, used the term “osteodystrophia fi- 
brosa.” Albright and coworkers" in 1937 reported 
five cases of bone involvement associated with en- 
docrine disturbances and pigmented patches in the 
skin, using the term “osteitis fibrosa disseminata.” 
The authors realized its similarities to hyperpara- 


thyroidism and neurofibromatosis, but regarded it 
as a separate entity. The condition which thereafter 
has been known as “Albright syndrome” or “Al- 
bright triad,” ie, polyostotic, predominantly uni- 
lateral bone lesions, precocious sexual development 
and skin pigmentation, had already been men- 
tioned earlier by several investigators. "> The 
polyostotic form of the disease associated with skin 
pigmentation but not accompanied by precocious 
sexual development had already been described by 
Hummel in 1934.” In 1938 Lichtenstein** reported 
eight cases with detailed studies of bone lesions. He 
proposed the term “fibrous dysplasia,” or “poly- 
ostotic fibrous dysplasia” in the presence of multiple 
bone involvement. In 1942, Lichtenstein and Jaffé 
added 15 more cases. By 1947, Schlumberger** had 
collected 67 cases of monostotic fibrous dysplasia. 
Thus the study of a sufficiently large clinical 
material during the first half of this century led to 
the general recognition of fibrous dysplasia as an in- 
dependent entity which, from the standpoint of the 
pathologist, should probably be called more cor- 
rectly “fibro-osseous dysplasia”?*** or “fibrous-os- 
teodysplasia.”?? 


Although recognized clinically as a distinct entity 
only in recent decades, fibrous dysplasia has af- 
fected the human skeleton for centuries. Several re- 
ports of the disease have appeared in the literature 
of paleontopathology. Wells”? in 1963 described a 
polyostotic form of fibrous dysplasia in the skeleton 
of a seventh century Anglo-Saxon. A monostotic 
form of fibrous dysplasia involving the right tem- 
poral bone was discovered in the skull of an approx- 
imately 39- to 44-year-old male recovered from an 
archaeological site in the Monroe County of East 
Tennessee. It dates from the Late Mississippian 
period with a radiocarbon-derived date of AD 
1,480 + 130 (Geochrom GX-4205) and provides doc- 
umentation of the antiquity of the disease in the 
southeastern portion of the United States.*' 


OVERALL AND AGE INCIDENCE 


The fact that by 1971 the number of reported 
cases exceeded 1500” confirms that fibrous dys- 
plasia is not an uncommon disease. Available data 
seem to indicate that the monostotic form acounts 
for about 70%, the polyostotic form without endo- 
crine disturbances for about 30%, and the polyos- 
totic form with endocrine disturbances (McCune- 
Albright syndrome) for about 3% .*” The actual in- 
cidence of each form, however, cannot be assessed 
precisely since the monostotic form may remain 
asymptomatic only to be detected accidentally, and 
thus can often escape clinical detection. Even the 
polyostotic form may occasionally exist unnoticed 
for decades and present as an incidental finding. 
Sante et al, McIntosh et al,’ and Harris et al” 
reported such instances. Among them are two fe- 
males, aged 43 and 57, who are typical examples of 
late discovery rather than late manifestation of the 
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disease. Furthermore, there exists a general 
tendency to report primarily the more remarkable 
cases, namely examples of polyostotic disease. 


Fibrous dysplasia generally makes its appearance 
in late childhood. Some severe forms, however, 
may manifest themselves in infancy (Fig. 16). Each 
form of the disease has a different average age of 
onset which varies slightly from clinic to clinic. One 
study, based upon 57 patients, showed that the 
monostotic form manifests itself initially around the 
age of 14, the polyostotic form without endocrine 
disorders around the age of 11, and the polyostotic 
form associated with endocrine disturbances around 
the age of 8.°° Two other studies indicate a slightly 
earlier onset for the monostotic and polyostotic 
form of the disease.**?’ Although it is not un- 
common for certain lesions to be detected during 
later decades of life, there is good evidence that the 
majority, if not all bone lesions, develop during the 
period of skeletal growth.° 


SEX DISTRIBUTION 


A review of the earlier literature reveals a consid- 
erable variation in sex distribution. Lichtenstein” 
and Jaffé* found a higher incidence among fe- 
males. Spjut et al observed that among young 
adults more males than females were affected. Ac- 
cording to Uehlinger,** monostotic and polyostotic 
fibrous dysplasia not accompanied by endocrine 
disorders reveal an even sex distribution. By con- 
trast, polyostotic fibrous dysplasia with endocrine 
disorders (McCune-Albright syndrome) displays an 
obvious predilection for the female sex. 


Fig. 1. Distribution patterns of polyostotic fibrous 
dysplasia. A) Monomelic, B) unilateral, C) bilateral 
distribution. (Reprinted with permission.”*) 


LOCALIZATION AND DISTRIBUTION OF 
BONE LESIONS 


Fibrous dysplasia may present as a solitary lesion 
(monostetic form) or as multiple lesions in a single 
or in several bones (polyostotic form). The term 
oligestotic form is occasionally used for a very small 
number of lesions. Polyostotic fibrous dysplasia may 
be limited to a single limb (monomelic distribution), 
or may involve both sides of the skeleton (bilateral 
distribution, Fig. 1). 


Monostotic Fibrous Dysplasia. A review of 269 
patients with monostotic fibrous dysplasia collected 
from the literature’ !°-3437:39-42 disclosed the skeletal 
locations shown in Figure 2A and Table 1. A survey 
by Eversole et al® of a large number of patients 
with menostotic fibrous dysplasia involving the 
jaws revealed that the maxilla was almost twice as 
frequent y affected (64%) as the mandible (36%). 


Polyostotic Fibrous Dysplasia. A review of 66 pa- 
tients with polyostotic fibrous dysplasia not asso- 
ciated with endocrine disturbances collected from 
the litereture':!°3°74?44-46 showed the instances of 
individual bone involvement as given in Figure 2B 
and Table 2. The polyostotic form distinguishes it- 
self from the monostotic form by the following fea- 
tures: 1) in the extension of the skeletal involvement 
to the sheulder and pelvic girdle, and in the more 
frequent involvement of the craniofacial skeleton 
and vertebral column; 2) in the tendency to affect 
entire limbs; 3) in the severity of deformities which 
may lead to extensive crippling (ie, shepherd-crook 
deformity of the proximal femur); and 4) in the 
higher incidence of spontaneous and often recurrent 
fractures.*° 
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Fig. 2. Localization of A) monostotic and B) polvostotic 
fibrous dysplasia in 35 cases of monostotic and 36 cases of 
polyostotic disease from the Institute of Pathology in 
Zürich. (Reprinted with permission.) 


The number of bones involved varies and may be 
very high. Hopf” describes a 43-year-old female, 
followed roentgenologically for more than 20 years, 
with 79 single lesions involving 75 bones. This 
represents about a 39% involvement of the entire 
skeleton. Occasionally, the involvement of a limb 
may display a certain “ray-pattern” characterized 
by affection of the metacarpal, proximal, middle 
and distal phalangeal bones, with the severity and 
number of lesions decreasing toward the periphery.?’ 
In some instances of monomelic distributions every 
bone of an entire extremity may be involved. 


The incidence of craniofacial involvement is 
about 10% in monostotic disease, about 50% in 
polyostotic disease with moderate skeletal involve- 
ment, but reaches 100% in polyostotic disease with 
extensive skeletal involvement.** The disease seems 
to affect the neural and facial cranium with nearly 
equal frequency.*? 


TABLE 1. SKELETAL LOCATIONS OF MONOSTOTIGC 


FIBROUS DYSPLASIA IN PATIENTS (N = 269) 
eee SSS EEE 


Instance Instance 

Bone + (Times) Bone (Times) 
Ribs 65 Fibula T 
Femur 45 Base of Skull 3 
Tibia 36 Pelvis 3 
Maxilla 33 Clavicle 3 
Mandible 32 Tarsals 3 
Calvaria 16 Zygoma 2 
Humerus 1] Vertebrae 2 
Radius and Ulna 7 Metatarsals l 
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TABLE 2. INSTANCE OF INDIVIDUAL 
BONE INVOLVEMENT OF PATIENTS WITH 


POLYOSTOTIC FIBROUS DYSPLASIA (N = 66) 





Instance Instance 

Bone (Times) Bone (Times) 
Femur 45 Calvaria 8 
Skull 45 Scapula 6 
Tibia 35 Sacrum 5 
Humerus 22 Maxilla 4 
Ribs 17 Metacarpals q 
Fibula 16 Carpals 3 
Radius and ulna 15 Phalanges 2 
Mandible 13 Metatarsals 2 
Vertebrae 1] Tarsals l 


Van Tilburg?” tried to determine the localization 
of skull lesions in monostotic and polyostotic disease 
by reviewing 144 patients from the literature. His 
observations disclosed the incidence shown in Table 
3. It follows that the frontal and sphenoid bones are 
most often affected, frequently together, sometimes 
unilaterally, occasionally bilaterally, and that the 
temporal bones are afflicted in 18% of skull in- 
volvement. The majority of cranial lesions display 
an asymmetrical distribution. 


The monostotic form is neither a forme fruste nor 
a precursor of the polyostotic form. So far there has 
been no report of a transition from a monostotic to a 
polyostotic manifestation of the disease. In spite of 
an identical histological appearance, the two forms 
distinguish themselves in their clinical course, in the 
tendency toward spontaneous fractures, in the fre- 
quency and severity of fracture deformities, and in 
the continuation of activity beyond the second de- 
cade of life.” It would, therefore, appear appropri- 
ate to regard the two forms as relatively independ- 
ent clinical entities, a concept already suggested by 
Gibson and Middlemiss,*® Hall and Warrick, and 
Schlumberger.?5 


STRUCTURAL CHANGES AND SKELETAL 
DEFORMITIES 


The progressive changes involving the osseous 
structure in fibrous dysplasia result in alteration of 
size, form and stability. The weight-bearing long 
bones tend to bend as the cortex becomes eroded 
from within. The ongoing replacement of cortical 
bone by tissue of diminished strength predisposes to 
recurrent spontaneous fractures (Figs. 7C and 31). 
The firm structure of the dense fibrous tissue on the 
other hand provides a certain amount of splinting 


TABLE 3. INCIDENCE OF LOCALIZATION OF 
SKULL LESIONS IN MONOSTOTIC AND 
POLYOSTOTIC DISEASES?” 


Instance 

Bone (Times) 
Frontal 90 
Sphenoid 72 
Ethmoid 39 
Parietal 32 
Temporal 26 


Occipital 14 
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and, in preventing dislocation, enhances healing.” 
The proximal end of the femur is a predilective site 
of skeletal deformity. The outward bend of the 
neck, the inward protrusion of the acetabula and 
the association with coxa vara produce the patho- 
gnomonic shepherd-crook or jug-handle deformity 
(Figs. 3 and 32). A lesion invading the epiphysis, 
and subsequently interfering with bone growth, 
may result in shortening of a limb. Telescoping of a 
long bone is not an uncommon phenomenon. Occa- 
sionally the opposite may occur in that a lesion may 
actually produce lengthening of a cylindrical 
bone.'75'-53 In a rare instance a lesion can reach 
enormous proportions to the extent that the enlarge- 
ment of a single rib can obliterate half of the thor- 
acic cavity,” or the involvement of the ethmoid and 
sphenoid bone can cause obstruction of the entire 
nasal cavity (Marsh B, Nager GT, personal observa- 
tions) (Figs. 4A-C and 5A,B). Involvement of the 
occipital bone may give rise to the formation of the 
pathognomonic “occipital pug’’” (Figs. TA, 20A, 
and 26A). Asymmetrical enlargement and deformi- 
ty of the cranial and facial bones may lead to uni- 
lateral cranial hyperostosis.** A symmetrical en- 
largement and deformity of the cranial and facial 
skull may lend the face a leonine appearance (Figs. 
18 and 20A). Leontiasis ossea, however, occurs ina 
number of other skeletal disorders and is therefore 
not a specific feature of this disease. 


SKIN AND MUCOSAL PIGMENTATION 


Abnormal cutaneous pigmentation is the most 
common of the extraskeletal expressions of the dis- 
ease. In the monostotic form, it is an occasional 
finding.****-*’ In the polyostotic form without endo- 
crine disturbances, it is present in over 50% of pa- 


ng 3. Bilateral polyostotic fibrous 
dy ? asia with involvement of the pelvis 
and both femora in a 45-year-old female. 
The extensive involvement of the femora 
resulted in the characteristic shepherd- 
crook or jug-handle deformity of their 
neck. (Courtesy of USPHS Hospital, Bal- 
timore). 


tients. In the polyostotic form with endocrine dis- 
turbances, it is hardly ever absent.” 


The pigmented areas are due to an increased 
amount of melanin in the basal cells of the epider- 
mis. Their color varies from dark brown to café au 
lait, te yellow. They are not raised above the adja- 
cent skia. They are generally distributed about the 
midline (Fig. 18). Their predilective sites are, in 
order of decreasing frequency, lower lumbar re- 
gion, buttocks, back of the neck, shoulders, chest, 
face, scalp, hands, lips and oral mucosa, etc.” 
Their margins are irregular, their number is small, 
but thei size may vary considerably. In Benedict's 
series’ wf 42 patients, their location generally coin- 
cided with the side of the skeletal involvement. 
Similarby, when the bone lesions are distributed bi- 
laterally, so tend to be the skin pigmentations.*” 
They are usually present at birth, but may develop 
later and precede the skeletal and endocrinological 
manifestations. The irregularity of their margins 
and the absence of the giant pigment granules in the 
malpighian cells or melanocytes differentiates them 
from very similar pigmented skin areas encountered 
in von Recklinghausen disease.” 


An example of mucosal pigmentation on the un- 
dersurzece of the lower lip is shown in Figure 6. It 
was observed in a 32-year-old female with McCune- 
Albright syndrome. The skeletal involvement was 
widespread and included the entire skull, spine, 
numerous ribs, pelvis, right scapula, humerus, 
radius and ulna, right femur. tibia and fibula, 
metacarpal, metatarsal, and phalangeal bones of 
both hands and feet. The patient had suffered 
numerjas fractures involving ribs and limbs. 
Precocious sexual development was characterized 
by the onset of menstrual bleedings and breast 
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enlargement at the age of 6. Progressive obliteration 
of the left optic foramen by the fibrodysplastic pro- 
cess had resulted in total loss of vision in that eye. 
The serum alkaline phosphatase level was in excess 
of 115 units (normal: 10-32). 


FIBROUS DYSPLASIA IN ASSOCIATION 
WITH ENDOCRINOPATHIES 


McCune-Albright Syndrome. One of the earliest 
descriptions of polyostotic fibrous dysplasia associ- 
ated with skin pigmentation and precocious sexual 
development was that of McCune and Bruch’? in 
1937 and McCune” in 1936. It concerned a 2-vear- 
old female who displayed skin pigmentation, 
enlargement of the breasts and vaginal (menstrual) 
bleeding. Spontaneous fractures of the femur mark- 
ed the appearance of skeletal manifestaticns at the 





Fig. 4. Polyostotic fibrous dysplasia involving both sphenoid 
and ethmoid bones, left maxilla and vomer in a 21-year-old 
female with a 2-year history of headaches, ptosis and progressive 
loss of vision in the left eye, and a gradually enlarging mass in the 
nasopharynx. On the basis of a biopsy, read as “spindle cell 
tumor,” the patient had received 6,500 rads elsewhere. A firm 
tumor obstructed the nasopharynx, choanae and u per posterior 
portions of the nasal chambers and invaded the left orbit and 
maxillary sinus. The funduscopic examination revealed a large 
central scotoma on the left. The lesion was successfully removed 
through a transpalatine approach. A) Submentovertical view dis- 
closes an extensive dysplastic lesion involving the structures men- 
tioned above. B) A-P and C) lateral tomograms display the par- 
tially “cystic” nature of the lesion and involvement of the greater 
and lesser wings and pterygoid process of the left sphenoid bone 
and of the vomer. The microscopic examination disclosed fibrous 
dysplasia (Fig. 5A, B). (Courtesy of Dr. Bernard R. Marsh. 
USPHS, Baltimore.) 


age of 5. At 9, skeletal involvement was extensive 
and included the skull, vertebral column. hands 
and feet. Between 5 and 10, the patient had suf- 
fered 22 spontaneous fractures which had led to 
progressive crippling. The patient subsequently 
developed hyperthyroidism. A thyroidectomy in- 
duced regression of the hyperthyroidism but had no 
influence upon the skeletal lesions. Two vears later, 
in 1938, Albright et al'’ described five patients with 
the triad of 1) polyostotie fibrous dysplasia, 2) ex- 
tensive, predominantly ipsilateral, brown. nonele- 
vated skin pigmentation, which tended to be on the 
side of greater skeletal involvement, and 3) preco- 
cious sexual development. 


In the McCune-Albright syndrome, the skeletal 
involvement is characteristically polyostotic and 
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Fig. 5. A, B) Biopsy from the nasopharyngeal tumor ied igen described in Fig. 4. Sections display areas of densely tex- 


tured, acellular connective tissue containing tiny devitalize 


, in some areas (B) focally calcified, trabeculae of woven bone 


with irregular size and shape. Devitalization resulted from radiotherapy (6,300 rads). The morphology reflects a formerly 


live fibrodysplastic process. (H & E stain, x 150) 


there is a tendency of the bone lesions toward uni- 
lateral distribution.*’ The area of skin pigmentation 
may be very large and affects primarily the neck, 
chest, back, shoulder and pelvic girdle. 


The McCune-Albright syndrome is encountered 
almost exclusively in females. However, in 1966, 
Benedict’ collected five cases of Albright syndrome 
in males and added one of her own. Figure 7 is an 
example of a 16-year-old male with bilateral poly- 
ostotic fibrous dysplasia, skin pigmentation, preco- 
cious sexual development, and acromegaly associ- 
ated with a large pituitary adenoma and elevated 
growth hormone levels (male McCune-Albright 
syndrome). 


Precocious sexual development manifests itself in 
females by premature occurrence of irregular men- 
strual bleedings at the age of 5 to 6, occasionally 
much earlier, and by the development of secondary 
sexual characteristics, with the latter usually fol- 
lowing the former. In males the McCune-Albright 
syndrome is characterized by the early appearance 
of secondary sexual characteristics, gynecomastia, 
and occasionally by spermatogenesis. There is good 
evidence that the precocious sexual development 
represents true precocious puberty. Circulating 
levels of ovulatory luteinizing hormone (LH) have 
been identified in a female with McCune-Albright 
syndrome, and spermatogenesis with production of 


Fig. 6. Mucosal pigmentations on the undersurface of 
the lawer lip in a 32-year-old female with McCune-Al- 
bright syndrome. Polyostotic fibrous dysplasia with wide- 
spread skeletal involvement (entire skull and spine, num- 
erous ribs, pelvis, right seapula, humerus, radius and ulna; 
right femur, tibia and fibula, metacarpal-metatarsal, and 
phalangeal bones of both hands and feet. History of num- 
erous fractures involving ribs and extremities. Skin and 
mucous membrane pigmentations (posterior neck and oral 
mucosa). Precocious sexual development (menarche and 
breast development at age 6). Alkaline phosphatase in ex- 
cess of 115 I.V. (normal 10-32). Amblyopia left eye from 
fibrodysplastic obliteration of optic foramen. (Courtesy of 
Dr. L. Stefan Levin, Director Genetic Clinic, Department 
of Otorhinolaryngology.) 
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spermatozoa, and mature Leydig cells, have been 
demonstrated on biopsy in a 6'/,-year-old male.“ 


Precocious sexual development may b> accom- 
panied by an accelerated skeletal growtn. subse- 
quently followed by premature closure of tae epiph- 
yses. In the unilateral distribution of the disease the 
abnormal skeletal growth is limited to tle side of 
skeletal involvement. Adult patients with McCune- 
Albright syndrome, compared with health~ individ- 
uals of the same age, are therefore often of smaller 
stature.” 


Association with Other Endocrinopathis. In ad- 
dition to precocious sexual development acceler- 
ated skeletal growth, and premature closure of the 
epiphyses, fibrous dysplasia may occasionally be 


Fig. 7. Sixteen-year-old male with bi- 
lateral polyostotic fibrous dysplasia, skin 
pigmentation, precocious sexual develop- 
ment and acromegaly associated with a 
large pituitary adenoma and elevated 
growth hormone levels (male McCune- 
Albright syndrome). A) Massive thicken- 
ing and sclerosis of the entire base of the 
skull, involvement of the right temporal 
bone, occipital pug (arrow) and enlarge- 
ment of the sella are well recognized. B) 
Several of the metacarpal bones of both 
hands and the phalangeal bones of the 
right digits 1, 2 and 5 exhibit evidence of 
bone involvement. 


associated with goiter and hyperthyroidism,'* acro- 
megaly,’°' Cushing disease,**°* extrainsular hypo- 
thalamic diabetes mellitus’ and hyperparathyroid- 
ism.'"°"*"°* The association of these endocrino- 
pathies with fibrous dysplasia is encountered only 
with the polyostotic form. The incidence of hyper- 
thyroidism and polyostotic disease is about 5% .°° 
The thyroid dysfunction generally manifests itself a 
few years after the appearance of the skeletal le- 
sions. One patient with polyostotic disease and hy- 
perthyroidism also had blue sclerae.°’ The coexis- 
tence of polyostotic fibrous dysplasia and Cushing 
disease is rare. 

The simultaneous occurrence of fibrous dysplasia 
and extrainsular hypothalamic diabetes mellitus is 
even less common. The association of polyostotic 
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disease and acromegaly was described by Wortham 
and Hamblen“? and Scurry et al.°' Firat and Stutz- 
man'° observed the familial occurrence of eraniofa- 
cial fibrous dysplasia and hyperparathyroidism in a 
mother and daughter. The mother, in whom the 
skeletal disease was limited to the mandible and 
maxilla, had two hyperplastic parathyroid glands 
and a chief-cell adenoma involving the third 
parathyroid gland. The daughter had fibrous dys- 
plasia of the mandible and a 3-cm chief-cell ade- 
noma of the left inferior parathyroid gland. With 
the exception of these two instances of familial hy- 
perparathyroidism, all secondary endocrinopathies 
encountered in polyostotic disease could be traced 
to an anomaly or dysfunction of the hypothalamus. 


It was Albright® who first suggested that stimuli 
arising in the hypothalamic-pituitary system 
mediate the abnormal release of pituitary hor- 
mones. Since then it has been recognized that the 
hypothalamus controls the function of the anterior 
lobe of the pituitary by the production of releasing 





Fig. 7, cont'd. C) Extensive involve- 
ment of the left femur and right hu- 
merus resulted in a shepherd-crook de- 
formity of the femur neck and a patho- 
logical fracture of the proximal humer- 
us shaft (arrows). (Courtesy of Dr. Jack 
W. Bowerman, Russell H. Morgan Dept. 
of Radiology, Johns Hopkins Hospital, 
and the Genesee and Highland Hospi- 
tals, Rochester, NY.) 


hormenes.”° These releasing hormones are syn- 
thesized in specific areas of the hypothalamus and 
are stored in the median eminence. In response to 
appropriate stimuli they are released to reach the 
anterior lobe, where they initiate the synthesis and 
release of the organotropic hormones. A number of 
independent releasing hormones have so far been 
identi‘ied which increase release of TSH, cor- 
ticotrepin, LH, FSH and GH, and inhibit release ot 
melanocyte-stimulating hormone and prolactin. 
Their structures as short-chain peptides have 
already been determined.°° 


In all of the endocrinopathies encountered in 
fibrous dysplasia, there is evidence of involvement 
of one or more anterior pituitary tropic hormones. 
The histologic evidence of glandular hyperplasia in- 
dicates stimulation of the pituitary from higher 
centers. Certain anomalies involving the hypothala- 
mus have indeed been described in patients with 
fibrous dysplasia associated with endocrinopathies. 
Hall and Warrick’s hypothesis®*® that endocrine 
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manifestations in fibrous dysplasia are the result of 
a hitherto undetermined disorder of the hypothala- 
mus, which leads to overproduction of cer-ain re- 
leasing hormones, becomes very attractive. Preco- 
cious sexual development would correspon 1 to an 
increased release of LRH, enlargement of the thy- 
roid and hyperthyroidism to an overproduetion of 
TSH, acromegaly to an overproduction of growth- 
hormone-releasing hormone (GRH), Cushing syn- 
drome to an overproduction of corticctropin- 
releasing hormone (CRH), and accelera-ion of 
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Fig. 9. Unilateral polyostotic fibrous 
dysplasia of the left frontal and ethmoid 
bone in a 9-year-old male. A) The lesion 
has a uniform ground-glass appearance. 





Fig. 8. Ten-year-old male with unilat- 
eral polyostotic fibrous dysplasia of the 
right frontal and sphenoid bones leading 
to secondary involvement of the right or- 
bit. (Courtesy of Dr. John Dorst, Russell 
H. Morgan Dept. of Radiology, Johns 
Hopkins Hospital. ) 


skeletal growth and maturation could possibly be 
associated with a minor overproduction of several 
releasing hormones. There is already existing clini- 
cal evidence that one form of hyperthyroidism is 
associated with a chronic overproduction of TSH 
and an enlargement of the pituitary fossa.’!:”2 Simi- 
larly in some patients with acromegaly, an associ- 
ated dysfunction of the hypothalamus has been 
identified.”* Microscopic and histochemical in- 
vestigation of that area of the hypothalamus related 
to the pituitary gland in patients with fibrous dys- 
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plasia and endocrine disorders thus becomes ot 
great significance. 


FIBROUS DYSPLASIA IN ASSOCIATION WITH 
OTHER DISORDERS 


A rare associated disorder is the vitamin D-resis- 
tant hypophosphatemic osteomalacia or rickets. 
This condition follows rather than precedes the 
bony lesions. It manifests itself in childhood or 
adolescence with skeletal pains, broadening of the 
epiphyses, and elevation of the renal phosphate 
clearance, a decrease in serum phosphate. and the 
presence of osteoid seams in bone biopsies. The 
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surgical resection of the osseous lesions, which are 
suspected to synthesize a hormone influencing the 
renal phosphate clearance, induces healing of the 
rickets.* 


Po yostotic fibrous dysplasia may occasionally be 
assoc ated with extraskeletal tumors, such as multi- 
ple intramuscular fibromyxomas.’*’* Cohen et al* 
and johnson‘ reported on the simultaneous occur- 
rence of adamantinoma of long bones and fibrous 
dysplasia. The combination of fibrous dysplasia and 
osteitis deformans Paget was mentioned by Daves 
and Yardley.’* Gatewood and Esterly”® reported the 


Fig. 9, cont’d. Extension into the left 
B) anterior cranial fossa, C) orbit and 
ethmoid sinus, and involvement of the 
cribriform plate. (Courtesy of Dr. John 
Dorst, Russell H. Morgan Dept. of Radi- 
ology, Johns Hopkins Hospital.) 
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coexistence of eosinophilic granulomas and -ibrous 
dysplasia. 


The presence of arteriovenous shunts in the os- 
seous lesions was first recognized by Stauffer et al,” 
and subsequently confirmed by McIntosh et <1,’ and 
Fischer et al.”* McIntosh et al?’ and Firat anc Stutz- 
man"° also observed their extraosseous occurrence. 
Widespread shunting of that nature may n turn 
lead to a high output cardiac failure. 


NEUROLOGICAL SYMPTOMS 


The neurological symptoms in fibrous dysplasia 
are for the most part caused by a lesion involving an 
adjacent bone of the skull or spinal column. A de- 
formity of the neural and facial cranium should 
raise the suspicion of an underlying neurological 
deficit. Involvement of the frontal, ethmoic, nasal 
and sphenoid bone may lead to invasion and distor- 
tion of the orbit which can result in latera. or in- 
ferior displacement of the globe, exophthalnaus and 
hypertelorism'?*'’'? (Figs. 4, 8, and 9). Ciplopia 
may be a manifestation of nerve involvement or of 
mechanical interference with globe mobility. Of 
Sassin and Rosenberg’s*® 50 patients with cranial fi- 
brous dysplasia, 10 revealed involvement of the op- 
tic canal and in 3 of them the involvement was bi- 
lateral. All had significant visual symptoms, often 
severe and of long duration. Blurred and failing vi- 
sion, scintillating and central scotomas, ciplopia 
and optic nerve atrophy comprised the ophthalmo- 
logical findings. The funduscopic examination may 
show varying abnormalities ranging from slight 
venous congestion to pronounced papillede na and 
nerve atrophy.*'*? Pressure upon the optic chiasm 
may lead to a variety of bilateral impairmen:s of the 
visual field. Involvement of the cribriform plate 
may produce hyposmia or anosmia.***? § milarly 
involvement of the internal auditory canal and of 
the otic and vestibular capsule can cause tinnitus, 
sensorineural hypacusis and disturbance cf vesti- 
bular function .8°-84-85 


Involvement of the spinal cord or nerve roots is 
evidence of vertebral localization of the disease. 
The cervical and dorsal spine are the predilective 
locations (Fig. 10). Varying degrees of paraplegia 
have been observed associated with a compression 
fracture or an expanding lesion in a vertebral body, 
vertebral arch, or an articular process. 55-86-® 


Mental retardation has been seen in association 
with fibrous dysplasia by several investigators. It is 
thought to be more than just a coincidental finding. 
This is exemplified for instance by the case history 
of a male who developed generalized seizures at 5 
months, displayed evidence of severe mentel defici- 
ency at 9 months, could never stand, walk or talk, 
and developed skeletal deformities at the age of 3 
years. At 5 he was obviously microcephalic, of short 
stature and exhibited extensive, disseminated bone 


lesions, skin pigmentation and thyromegaly. At 
autopsy the brain disclosed marked generalized 
atrophy involving particularly the frontal and 
parietal lobes. Disorganization of the cyto- 
architecture and various cell anomalies in different 
regions of the cortex were the striking observations 
on microscopic examination. Most instances of men- 
tal retardation have been associated with the more 
extensive forms of the disease. Since there has been 
no confirmed correlation between narrowing of the 
intracranial space and impairment of intellectual 
faculties, some investigators consider mental retar- 
dation a cause of primary cerebral involvement 
rather than a secondary manifestation of the dis- 
ease.** The same may apply to seizure disorders and 
muscular hypotonia which has been observed in as- 
sociation with mental retardation in fibrous dys- 
ose 


Fries’ observation* of schizophrenia in two pa- 
tients with extensive involvement of the frontal 
bone, in each of whom the bone involvement pre- 
ceded the abnormal behavior by many years, raises 
the thought of a possible correlation. Similar obser- 
vations of mental disturbances suspected to have re- 
sulted from pressure by newly formed bone upon 
the frontal lobes leading to secondary cerebral 
atrophy have been made in osteitis deformans 
Paget. Dull and nonthrobbing headaches are fre- 
quent complaints in patients with fibrous dysplasia 
involving the skull. 


RADIOLOGICAL ASPECTS 


Monostotic fibrous dysplasia presents itself in- 
itially in a long bone generally in the proximal 
metaphysis where it appears as a unicameral, “cyst- 
like” radiolucency, demarcated from the epiphysis 
and diaphysis, with a slightly bulging, thinned, but 
usually intact wall (Fig. 11). The distention results 
from erosion from within. Occasionally the disease 
may manifest itself as a conglomerate of round or 
ovoid “cysts” with sclerotic margins and a tendency 
towards spindle-shaped expansion. In a rare in- 
stance, the lesion may appear in the diaphysis as a 
chestnut-like, smooth-walled radiolucency, whose 
margins, as it grows, display increasingly sharper 
demarcation. As the diaphysis becomes progres- 
sively distended, the enlarging marrow space begins 
to show a certain subdivision by the development of 
endocortical ridges. The replacement of the original 
cancellous bone by the fibro-osseous tissue lends the 
lesion characteristic “smoky,” “ground-glass,” or 
fine granular appearance (Fig. 12). The resulting 
structural weakness predisposes to spontaneous 
fractures (Fig. 13A). Eventually a certain remodel- 
ing of the original bone may take place. In this 
phase the remaining cortical bone displays a certain 
axial lamellar splintering and incorporation of rows 
of thread-like spongiosa along lines of pressure and 
traction (Fig. 14B). The disease process then be- 
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Fig. 10. (Case 2) Involvement of 12th thoracic vertebra 
in a 42-year-old male with bilateral polyostotic fibrous 
sh oe associated with skin pigmentation and hyperthy- 


roidism. Collapse of the vertebral body (arrow 
spinal fusion. 


) required a 


comes indistinguishable from osteitis desormans 
Paget.” 


Polyostotic fibrous dysplasia frequently involves 
the entire shaft of a cylindrical bone (Fig. 13A). 
Progressive erosion of cortical bone up to the outer 
“general lamella” with replacement of fibro-osseous 
tissue, persistent overload and stress upon tFe struc- 
turally weakened bone, and recurrent pathological 
fractures ultimately lead to the characteristic bony 
deformities. The shepherd-crook deformity of the 
proximal femur with the elevation of the greater 
trochanter, the anterior bowing of the tibia and the 
serpentine torsion of the fibula, and the bending 
and cracking of the humerus are typical examples of 
structural alterations encountered in polłyostotic 
disease (Figs. 3, 7C, 31, 32 and 35). Telescoping of 
a cylindrical bone results in shortening of the shaft 
and widening of the marrow space. Severe bending 
of a cylindrical bone may produce incomplete and 
radial clefts.” This distortion of long bones ss usual- 
ly more pronounced in the lower extremities. 


In polyostotic disease the ribs are less commonly 
involved. Often more than one rib is affected (Fig. 
29). Involvement may be unilateral or bilateral, 
and the distribution may be asymmetrical. The le- 
sion generally produces a spindle-shaped multicys- 
tic expansion which can reach 1-15 cm in length. It 
protrudes primarily into the thoracic cavity. An 
unusually large process can lead to compression of 
an entire lung. In general most rib lesions remain 
asymptomatic, only to be detected incidentally dur- 


ing a neutine chest film or after a spontaneous frac- 
ture. 


The pelvis, scapulae, vertebrae, flat and short 
bones generally exhibit a “polycystic” pattern. In 
the pelvis, like elsewhere in the skeleton, the disease 
tends teward unilateral distribution, and often one 
side is much more severely involved. Involvement of 
the whole pelvis may give rise to extreme distortion 
of its entire architecture with inward protrusion of 
the acetabula (Fig. 32). At times, however, a rela- 
tively extensive process in the ileum may remain 
asymptematic. . 

The metacarpal, metatarsal and _ phalangeal 
bones are infrequently afflicted, but when affected, 
are usually involved in their entirety. In such in- 
stances they exhibit distention, cortical thinning 
and a uniform “ground glass-like” texture (Figs. 7B 
and 13B). 


Basec on their roentgenological appearance, 
three forms of craniofacial involvement may be dis- 
tinguished:'°*?°? 1) pagetoid, 2) sclerotic, 3) “cys- 
tic.” The pagetoid form accounts for about 56%, 


the sclerotic for about 23% , and the cystic for about 
A P 





Fig. 11. Monostotic fibrous dysplasia of the left femur in 
a 5-year-old male. Slightly eccentric localization and cor- 
tical thinning are well recognized. (Courtesy of Dr. Jack 
W. Bowerman, Russell H. Morgan Dept. of Radiology, 
Johns Hopkins Hospital and Harford Memorial Hospital, 
Havre de Grace.) 
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Fig. 12. Monostotic fibrous dysplasia of the righ lower 
fibula in a 6-year-old female. Asymptomatic until kicked 
by brother. Subsequently developed swelling and pain. Ex- 
pansile radiolucent lesion displays marked cortic<] thin- 
ning, a ground-glass pattern, and includes a pathc logical 
fracture (arrows). (Courtesy of Dr. John Dorst, Ru-sell H. 
Morgan Dept. of Radiology, Johns Hopkins Hospital.) 


The pagetoid form of fibrous dysplasia 5 usually 
an expression of polyostotic disease. The calvaria 
may be increased in thickness by several zentime- 
ters. The external table of the frontal and parietal 
bone often displays a unilateral bubble-shaped dis- 
tention. The internal table is enlarged toward the 
diploe and the cranial cavity. The broadened cal- 
varia displays localized and diffuse areas of radio- 
lucency and increased density side by side. This co- 
existence of bone resorption and sclerosis strongly 
resembles the roentgenological appearance of ostei- 
tis deformans Paget (Fig. 26A). The base of the skull 
is usually quite enlarged and sclerotic. The sclerosis 
may extend from the frontal to the occipi-al bone. 
The enlargement of the external table can give rise 
to frontal bossing and the formation of an “occipital 
pug” (Figs. 7, 20A, and 26A). Remodeling of the 
base may in a rare instance lead to basila- impres- 
sion. The sella turcica may remain unaffected. The 
facial bones may become involved to a va-ying de- 
gree. This involvement in turn may procuce pro- 
gressive narrowing of orbital and nasal cavities and 


obliteration of the paranasal sinuses (Figs. 15A, 17, 
21B,D and 26A,B). 


The sclerotic form of fibrous dysplasia is often ac- 
companied by hyperostosis of the maxilla (Figs. 
14A, 15A, 20, and 21), which may cause distortion 
of the teeth and constriction of nasal and sinus 
cavities. The maxilla, as mentioned earlier, is more 
often involved than the mandible, and its involve- 
ment usually is an expression of monostotic disease. 
The lesion may exhibit a “ground-glass” or dense 
sclerotic pattern. By contrast a mandibular lesion is 
more often encountered in polyostotic disease and 
generally appears as a solitary, smooth-walled, ra- 
diolucent defect. 


The cystic form of fibrous dysplasia is character- 
ized by solitary or multiple circular or rosette-like 
defects in the calvaria. Most of them are surrounded 
by a thin sclerotic margin. A defect may reach sev- 
eral centimeters in diameter. A solitary lesion may 
mimic an eosinophilic granuloma, and multiple 
defects may be mistaken for Hand-Schiiller- 
Christian disease. As would be expected, more than 
one roentgenological form of craniofacial fibrous 
dysplasia may occasionally be encountered simul- 
taneously in one individual. * 


There are no radiological characteristics which 
would permit a differentiation between polyostotic 
fibrous dysplasia with or without one or several spe- 
cific endocrine disorders. 


BIOCHEMICAL DATA 


In Pritchard’s series*' of 124 patients with pre- 
dominantly polyostotic disease, serum calcium was 
elevated to 11-13 mg% in 25% of patients and ser- 
um phosphate to 5-6 mg% in 11% of patients. Van 
Horn et al% found an elevation of serum alkaline 
phosphatase in 25% of monostotic and 67% of 
polyostotic disease. According to Uehlinger,** the 
serum calcium may vary between 9.2-12.2 mg % 
and the serum phosphate may fluctuate between 
2-5 mg%. During periods of exacerbation of the 
disease or consolidation of a spontaneous fracture, 
the serum alkaline phosphatase is expected to be 
elevated. 


MACROSCOPIC APPEARANCE 


Fibrous dysplasia involving the rib manifests 
itself as a fusiform or spherical enlargement with a 
surface of thin, intact, cortical bone. It may mea- 
sure up to several centimeters in diameter. On a 
longitudinal section, the cancellous bone has been 
replaced by a yellowish-white, resilient tissue which 
occasionally includes small cysts filled with an 
amber fluid. The transition to normal bone is often 
abrupt. A cross section of a tubular bone with a fi- 
brous dysplastic lesion generally reveals a widening 
of the shaft, and a thinning of the cortex (Figs. 11 
and 12). The expansion resulted from eccentric ero- 
sion of the medulla and subsequent replacement by 
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connective tissue. The connective tissue is firm and 
rubbery and includes irregularly disseminated bone 
spicules. Occasionally foci of myxomatous tissue, 
cystic spaces, small hemorrhages, and rarely islands 
of cartilage may be incorporated.’ Lesions in the 
base of the skull or maxilla generally possess a 
firmer consistency than those in the ribs or long 
bones because they include a greater amount of 
bone spicules. Skull lesions, therefore, commonly 
produce a much greater radiodensity and display 
extensive sclerosis (Figs. 14A and 15B). The reduced 
amount of bone spicules in dysplastic lesions of ribs 
and cylindrical bones, on the other hand, results in 
an obvious radiolucency.** A small lesion will not 
affect the external appearance of a bone. A larger 
lesion through erosion and expansion attenuates the 
cortex of a tubular or flat bone, causes it to bulge 
(Figs. 11 and 12), and, in a rare instance, may even 
destroy it. As a rule, the fibrous tissue may be readi- 
ly cut with a knife. Its content of poorly ossified 
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Fig. 13. Predominantly unilateral polyostotic fi- 
brous dysplasia in a 16-year-old female. A) Involve- 
ment of the entire right radius and ulna, cortical thin- 
ning, “smoky” appearance of the fibrodysplastic pro- 
cess and transverse zones and areas of radiolucency 
(arrows) predisposing to pathological fractures are 
easily recognizable. B) Cylindrical expansion, altera- 
tions of the cortex and a fine granular texture char- 
acterize the involvement of the right 4th and 5th met- 
atarsal bones. (Courtesy of Dr. Jack Bowerman, Rus- 
sell H. Morgan Dept. of Radiology, Johns Hopkins 
Hospital and Harford Memorial Hospital, Havre de 
Grace.) 


bone spicules lends it a certain elastic gritty con- 
sistency, comparable to sand embedded in putty. 
The cut surface of a dysplastic lesion in general 
reveals a grayish or whitish color and considerable 
variation in vascularity. 


MICROSCOPIC APPEARANCE 


A representative lesion of monostotic or polyos- 
totic fibrous dysplasia exhibits in general a fairly 
characteristic picture, and the identification of the 
disease process therefore presents no major difficul- 
ties. Irregular trabeculae of woven bone varying in 
size, shape and distribution, without apparent 
functional orientation, are embedded in a loosely or 
densely textured, cellular and vascular connective 
tissue stroma. This histologic appearance is the end 
result of a probable metaplasia of proliferating con- 
nective tissue.” The configuration of the trabeculae 
varies greatly. In many it is spherical. This lends 
them, on a cross section, a curved, C-shaped or 


Fig. 14. Polyostotic fibrous dysplasia in a 10-year-cdd female with a 
skeletal development of a 15-16-year-old. Epiphyseal f ision has already 
occurred in numerous areas including the head 

the femur. A) The most striking features are enormot s thickening and 
sclerosis of the anterior two thirds of the base of the sEul] involving the 
frontal and sphenoid region, distortion and constriction of the sella tur- 
cica, and sclerosis of the anterior portion of the first cervical vertebra (ar- 


row). B) Extensive “cystic” lesions involve the upper ere] and neck of the 


right femur and right ischial-pubic junction. (Courtesy of Dr. John 
Dorst, Russell H. Morgan Dept. of Radiology, Johns Hpkins Hospital.) 


arch-shaped appearance. Their edges are irregular, 
feathered, and their osteocytic lacunae are wide. At 
times the trabeculae close rank to form a m2shwork 
of bone. The trabeculae are made up of coarse- 
fibered, primitive bone, which under polarized 
light, appears woven rather than lamellar (ig. 43) 
Their woven structure differentiates them from 
similar trabeculae in other fibro-osseous disease en- 
tities. Occasionally a lamellar transformation of 
woven bone may be encountered. At times an arch- 
forming trabecula may encircle a central vessel 
(Fig. 44). Characteristically most trabeculze reveal 
a lack of osteoblastic rimming. This feature dis- 
tinguishes fibrous dysplasia from ossifying tibroma. 
However, in some instances, one may discover tra- 
beculae lined by osteoblasts. The matrix surround- 
ing the bony trabeculae is made up of cellular fibro- 
vascular connective tissue. At times it may contain 
islands of cartilage. The morphologic patte-n of the 
stroma varies with the age of a lesion. In a younger 
lesion, the stroma displays a looser arrangement, 
and there is less collagen formation. In an older le- 
sion, the stroma is usually quite dense. 


SARCOMATOUS TRANSFORMATION 


In rare instances fibrous dysplasia may be associ- 
ated with malignant change. This phenomenon was 
probably first described by Coley and Stewart.” In 
1964, Schwartz and Alpert'' reported a series of 28 


and greater trochanter of 


NAGER ET AL 





patients which included 26 cases from the literature 
and 2 of their own. Fourteen had monostotic and 
14 polyostotic disease. The age at which fibrous 
dysplasia was diagnosed varied from 4 to 39. the 
mean age being 16. The age at which the sarcoma- 
tous transformation was recognized varied between 
8 and 61, with a mean age of 32. The latency period 
between the diagnosis of fibrous dysplasia and 
subsequent sarcomatous dedifferentiation varied 
between 2 and 30 years. The sarcoma, on the 
average, developed 13'/, years later. It was some- 
what more prevalent among males. The incidence 
was higher in the polyostotic form. Among the 28 
patients 18 developed an osteogenic sarcoma. 7 a fi- 
brosarcoma, 2 a chondrosarcoma., and 1 a giant cell 
sarcoma. In the monostotic form, the bones of the 
facial and neural cranium are most frequently af- 
fected (50%). In the polyostotic form the femur is 
the predilective site (62%). Only 11 of the 28 pa- 
tients had previously received radiation therapy. In 
1972, Huvos et al’* reported 12 instances of sarco- 
matous transformation among the patient records 
of the Sloan-Kettering Memorial Cancer Institute. 
Only 1 of the 12 patients had been previously radi- 
ated. The conclusions from their statistical analysis 
supported the previous findings of Schwartz and 
Alpert,'' who estimated the incidence of sar- 
comatous transtormation in fibrous dysplasia at 
0.5%. This percentage might be somewhat high 


` 
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Fig. 15. Polyostotic craniofacial fibrous 
dysplasia, sclerotic form, in a 34-year-old 
female, with roentgenological evidence of 
disease at age 15. A) Total obliteration of 
both frontal and ethmoid sinuses and partial 
obstruction of the nasal cavities ad max- 
illary sinuses are evident. B) Predominant in- 
volvement of the frontal and occipital area, 
of the base of the skull and of the right tem- 
poral bone is clearly evident. 


22 NAGER ET AL 





Fig. 16. Monostotic fibrous dysplasia in an 18-n onth- 
old female with a history of progressive swelling of tae left 
mandible since 3 months of age. Lesion extends acrcss the 
mental symphysis and includes numerous cystic -adio- 
lucencies in an area of increased density. (Courtesy of Dr. 
John Dorst, Russell H. Morgan Dept. of Radiology, Johns 
Hopkins Hospital.) 


considering that there are presently no accurate fig- 
ures available on incidence of clinically manifest 
and asymptomatic forms of the disease. The predil- 
ective sites for malignant degeneration are the 
femur, maxilla and mandible, followed by the tib- 
ia, humerus, scapula, pelvis and fibula. The clinical 
features include pain, local swelling and radio- 
logically localized bone destruction and inter- 
ruption of the cortical bone.*’** The eticlogy of 
malignant degeneration is still unknown. In a few 
instances radiation therapy might have been re- 
sponsible. In the majority of instances, however. 
the same hitherto unidentified factor which induces 
the proliferation of the fibro-osseous tissue might 
also produce the sarcomatous transformation.” 


FAMILIAL MONOSTOTIC AND POLYOSTDTIC 
FIBROUS DYSPLASIA 


Although it would appear that there is no evi- 
dence for a genetic basis to fibrous dysplasia °° Riet- 
zik and Lownie” reported a case of familial cranio- 
facial polyostotic fibrous dysplasia. This }0-year- 
old male had noticed a hard, smooth, no itender 
swelling of the right side of the mandible in the pre- 
molar region for six months. The expansion of the 
bone extended from the mandibular right cenine to 
the first permanent molar. Radiologically it pre- 


sented as a well-defined, unilocular radiolucency 
measuring about 4 cm. Further examination dis- 
closed several similar lesions in various regions of 
the skull 1-3 cm in diameter with either a radiolu- 
cent or radiopaque mottled pattern. Alkaline phos- 
phatase was 28.9 King-Armstrong units (normal: 
8-14 KA units). There was no evidence of café au 
lait pigmentation or premature sexual develop- 
ment. The patient’s father, his paternal grand- 
mother, and several other members of his family 
had similar lesions all over the skull. A biopsy of the 
mandibular lesion was characteristic for fibrous 
dysplasia. The disease was also confirmed histo- 
logically in 1 of the 12 affected relatives. Based on 
the observation that the disease had appeared in 
every generation but only in children of affected 
parents, the authors assumed an autosomal domi- 
nant trait. 


El Deeb et al reported two siblings, a 3-month- 
old male and a 12-day-old female infant, both pre- 
senting with an anterior mandibular lesion at birth. 
The clinical, radiologic, laboratory and histologic 
examination revealed a monostotic fibrous dyspla- 
sia. Their observation seems to be the first reported 
example of congenital monostotic disease in sib- 
lings. There was no consanguinity between the par- 
ents. The authors suggested the possibility of a new 
autosomal-recessive disorder. 


Lemli in 1977” published a report of female 
monozygotic twins with and without the McCune- 
Albright syndrome. To his knowledge, no twins 
with this disease had hitherto been described. The 
markedly different clinical patterns of fibrous 
dysplasia in these two females is evidence that the 
phenotypic expression can vary greatly in spite of 
the identical genotype. Twin 1 had the classic pic- 
ture of McCune-Albright syndrome, whereas her 
cotwin, 2, had only minor radiologic anomalies and 
an elevation in serum alkaline phosphatase. 


DIFFERENTIAL DIAGNOSIS 

MONOSTOTIC FIBROUS DYSPLASIA 

This disease is not always readily identifiable 
roentgenographically and therefore requires histo- 
logic confirmation. It has to be differentiated from 
the a) solitary unicameral cyst, b) nonosteogenic 
fibroma, c) giant cell tumor of bone, d) aneurysmal 
bone cyst, e) adamantinoma of the long bones, f) 
eosinophilic granuloma, g) plasma cell myeloma, 
and h) certain fibro-osseous lesions of the jaws anda 
few other less common lesions. 


Solitary Unicameral Cyst. The solitary uni- 
cameral cyst, the only truly cystic lesion of bone, is 
a disease of the growing skeleton. It is generally 
located in the proximal end of the humerus and 
femur. Its gaseous or liquid content lends the over- 
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Fig. 17. Monostotic fibrous dysplasia of the right maxilla 
in a 16-year-old female who at the age of 8 developed a 
gradual, painless enlargement of the right cheek, alveolar 
process, epiphora and right nasal obstruction. Examina- 
tion at age 9 disclosed a short stature but normal skeletal 
development, no skin pigmentation nor endocrinopathies, 
alkaline phosphatase: 106 m/ml (normal values 30-85 
m/U/ml), and slight exophthalmos of the right eye. Biopsy 
revealed a fibrous dysplasia. Water’s x-ray film of the 
sinuses discloses a diffuse ground-glass and sclerotic lesion 
involving the right maxilla extending in all directions, in- 
vading the orbit, alveolar process, turbinal bones and adja- 
cent nasal chamber. Tomograms confirmed total oblitera- 
tion of right maxillary sinus and elevation of the orbital 
floor. (Courtesy of Dr. Blair Webb, Washington, DC.) 


lying periosteum and cortex a bluish color. It orig- 
inates in the metaphysis. However, as the bone 
grows in length, it gives the illusory impression of 
drifting toward the middiaphysis. The monostotic 
lesion, rather than drifting toward the diaphysis 
may extend into it. Roentgenologically, the uni- 
cameral cyst appears as a round or oval lytic defect 
with the density of soft tissue and little bone reac- 
tion about it. Spontaneous fractures are common. 
Sarcomatous transformation has not been observed.’ 


Nonosteogenic Fibroma. The nonosteogenic 
fibroma is a fairly common, nonneoplastic degener- 
ative and proliferative lesion involving the medul- 
lary and cortical bone. It is most commonly en- 
countered near the ends of the diaphysis of the 
femur, tibia and fibula, and occasionally also in flat 
bones. It makes its appearance in late childhood, 
adolescence or early adult life. This frequently 
multiple lesion has a characteristic behavior and 
appearance. Its natural course is one of healing. 
The radiological defect usually displays a clear de- 
marcation, often with a narrow, bosselated sclero- 
tic margin. It too gives the illusory impression of 
migrating toward the middiaphysis as endochon- 
dral growth removes the epiphysis away from it.’ 


Giant Cell Tumor. The giant cell tumor or 
osteoclastoma generally occurs after the age of 20. 
Its highest incidence is in the third decade.‘ '°* It 





affects females more frequently than males. It arises 
most commonly in the epiphyses of long bones. The 
location of the neoplasm is characteristically eccen- 
tric. This totally radiolucent lesion lacks any perio- 
steal new bone formation and reactive bony sclero- 
sis in its advancing margins. It may erode the over- 
lying cortex from within. At times it may extend 
through the cortex into the soft tissue. Its tendency 


toward sarcomatous transformation is relatively 
high (15-30% ).7°° | 


Aneurysmal Bone Cyst. The aneurysmal bone 
cyst isa solitary, benign and expansile lesion of bone 
with a predilection for the metaphysis of long 
bones. vertebrae and flat bones, but any bone of the 
skeleton may potentially become involved. It is 
most commonly observed in the second and third 
decades of life, and affects females more frequently 
than males. Swelling, pain and tenderness are the 
salient clinical features. Expansion may lead to in- 
volvement of more than one bone. Its size may vary 
from 2 to more than 20 cm. In a cylindrical bone, 
the location may be central or eccentric. Occa- 
sionally the major portion of the lesion may be 
located outside the bone in the soft tissue. In such 
instances, the shaft displays only a slight cortical 
erosion. Roentgenologically, the cyst presents itself 
as a rediolucent area with the density of soft tissue, 
including multiple, delicate incomplete septa. Its 
margins are scalloped and clearly demarcated.’ 


Adamantinoma. Adamantinoma is an uncom- 
mon, slow-growing, malignant neoplasm, observed 
generally in the third decade of life. It affects males 
more frequently than females. Its usual location is 
the diaphysis or occasionally the metaphysis of long 
bones. The tibia is by far the most frequently af- 
fected bone. The lesion generally produces a well- 
demarcated, occasionally multicystic-appearing de- 
fect. The cortex ordinarily remains intact but may 
be destroyed when the tumor extends into the soft 
tissue.” 


Eosinaphilic Granuloma. The eosinophilic gran- 
uloma is a benign nonneoplastic solitary, lytic lesion 
which probably arises from the reticuloendothelial 
system. It is most frequently encountered in the 
frontal and parietal bones, mandible, humerus, ribs 
and proximal metaphysis of the femur.™ In the cal- 
varia and mandible, the defect is generally sharply 
defined whereas in the long bones the lesion appears 
as a mottled radiolucency. Most of the cases are dis- 
covered before the age of 30. There is a slight male 
predominance. 


Plasara Cell Myeloma. The plasma cell myeloma 
is a neoplastic proliferation of plasma cells of the 
bone marrow. It may present as a clinically local- 
ized bene lesion or as a systemic disease and occas- 
ionally as an extraosseous mass. It affects predom- 
inantly elder people. The most frequently involved 
bones include the vertebrae, rib, skull, pelvis and 
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femur. Radiologically, the lesion nearly always 
causes bone destruction, but in a rare instance, 
however, it may be partly or overwhelmin zly scle- 
rotic. The characteristic bone lesion appears as a 
punched-out, radiolucent defect. 38 


Fibro-osseous Lesions of the Jaws. A veriety of 
fibro-osseous lesions in the gnathic area, whether 
they be dysplastic, benign-neoplastic or reactive, 
share overlapping clinical, radiographic aid mor- 
phological features, and therefore confront the clin- 
ician and pathologist with problems in nosology 
and management. These lesions include in addition 
to fibrous dysplasia and nonosteogenic fikroma a) 
ossifying fibroma, b) chronic sclerosing osteomyeli- 
tis, c) Gardner syndrome, d) gigantiform cemen- 
toma, e)desmoplastic and odontogenic fib-oma, f) 
osteoid osteoma, and g) cemental lesions. *° 


OSSIFYING FIBROMA. This is a controversial lesion, 
both clinically and pathologically. It was ‘irst des- 


Fig. 18. (Case 1) Forty-five-year-old 
yatient with leonine facies with frontal 
»ossing and hypertelorism and occiptal 
prominence evident. The irregular, non- 
elevated skin pigmentations in the lum- 
bosacral area are distributed along the 
midline. 


cribed by Menzel,'® but it was Montgomery’? who 
introduced the term. The debate over the identity 
of the disease still continues. Schlumberger and 
Zimmerman and Dahlin” and Zimmerman et al” 
consider monostotic fibrous dysplasia and ossifying 
fibroma of the jaws to be variants of the same dys- 
plastic process. However, Sherman and Stern- 
bergh'®* and Sherman and Glauser'® regard them 
as separate diseases, making the distinction on 
radiographic grounds. They regard monostotic fi- 
brous dysplasia as an expansile, dysplastic process 
with diffuse and blending margins, and ossifying fi- 
broma, on the other hand, as an expansile, benign- 
neoplastic process with clearly delineated bound- 
aries. Other investigators differentiate exclusively 
on a morphological basis, specifically on the pres- 
ence or absence of woven or lamellar bone, osteo- 
blastic rimming and spheroid calcification. 


The histologic differentiation alone may cause 
some difficulties because some pathologists have in- 


FIBROUS DYSPLASIA & TEMPORAL BONE 25 





mre Age 45 ANSI SCALE 









JHH 139 72% 21 





y 






2/15/80 





125 1000 2000 4000 8000 







SPEECH RECEPTION 
THRESHOLD ISAT) 


DISCRIMINATION 
dB ABOVE SAT 


Fig. 19. (Case 1) Audiogram reflects the postoperative 
thresholds for pure tones and speech in the operated left 
ear. 

terpreted histologic features of both lesions to be 
present in a single specimen. In recent years, 
however. several comprehensive reviews of fibro- 
osseous lesions have appeared in the literature. 
They share Reed and Glagy’s''? criteria and view 
that fibrous dysplasia and ossifying fibroma are two 
different entities, and emphasize that these diseases 
can be differentiated on combined clinical, radio- 
logical, and morphological grounds. 


Ossifying fibroma is a rare, generally slow- 
growing, solitary lesion, affecting primarily the 
jaws, occasionally the frontal and ethmoid bones, 
but rarely the long bones. It involves the mandible 
more frequently than the maxilla. F emales are more 
often affected. It usually manifests itself clinically 
between the ages of 15 to 26. Whereas some ossify- 
ing fibromas reach a static phase, others tend to be 
more aggressive and may lead to deformities. On 
radiographic examination the disease presents itself 
as a well-delineated expansile lucency which may 
display a mottled center, central opacity, or pattern 
of opaque flecks.*? On macroscopic examination the 
lesion exhibits a clean demarcation from the adja- 
cent normal bone. On microscopic examination the 
fibrous component of the fibro-osseous process pre- 
dominates. Irregular bony trabeculae, made up in 
the center of woven bone but in the periphery of 
lamellar bone and rimmed with osteoblasts, are 
distributed randomly in a fibrous stroma. The fi- 
brous tissue consists of spindle-shaped fibroblasts 
arranged in whirls. The cellular density can vary 
considerably. “Psammona-like™ islands of bone 
displaying a dark calcified nidus with a pale osteoid 


rim end occasionally lined with osteoblasts and 
transitional stages between such spheroidal calcifi- 
cations and more fully developed bony trabecula 
can be observed. The variable picture of differen- 
tiation of these bony units influenced some in- 
vestigators to further classify the ossifying fibroma 
into “juvenile, moderately mature, and mature 
forms ”* 

In fibrous dysplasia the maxilla is more frequent- 
ly involved than the mandible. The lesion appears 
radiographically more homogenous. The margins 
are irregular, and due to their poor definition, 
blend into the adjacent normal bone. The expansile 
lesion may exhibit a ground-glass character, a mot- 
tled, er a diffuse loculated pattern. On microscopic 
examination the fibrous tissue is quite uniform. 
Nuclear atypia is infrequent and mitoses are rare. 
The beny trabeculae are irregular, display the same 
randon distribution, but generally are devoid of 
parallel lamellae. The osteocyte lacunae are wider 
than in mature lamellar or haversian bone.** As a 
rule, esteoblastic rimming is absent. 


Ossfying fibroma is in general adequately 
treated by enucleation.''' '' When conservative 
management fails in preventing recurrences, partial 
resection becomes the treatment of choice.''*''° An 
aggressive lesion, when located in the long bones, 
necessitates a wide excision and periosteal stripping 
combined with bone grafting. The possibility of sar- 
comatous change should preclude the use of radia- 
tion as a treatment modality.” 


CHRONIC SCLEROSING OSTEOMYELITIS. Chronic, dif- 
fuse, sclerosing osteomyelitis, a disease entity pre- 
dominantly encountered in the middle-aged fe- 
male, may affect one or several jaw quadrants in 
dentulous or edentulous areas. It is encountered in 
the tooth-bearing areas, above all in the premolar 
regions. The lesion manifests itself radiographically 
as a conglomeration of radiopaque densities with a 
cotton-wool pattern.** Its localized form, the focal 
sclerosing osteitis, usually presents as a periapical 
radiocensity associated with a grossly carious mo- 
lay, ean 

GARDNER SYNDROME. The syndrome is characterized 
by the association of multiple osteomas involving 
the mandible, maxilla, calvaria and occasionally 
long kones, with intestinal polyps, dermoid cysts, 
desmoid tumors and localized and wavy cortical 
thickening of long bones. The well-defined osteo- 
mas of the jaws and other features make the identi- 
fication easy.''® 

CICENTIFORM CEMENTOMA. The lesion usually in- 
volves all four quadrants of the jaw and may pro- 
duce cortical expansion. Radiologically it presents 
as a conglomerate of dense masses. It frequently 
follows a genetic pattern. In general, no source of 
infection can be identified histologically.” 

DESMOPLASTIC AND ODONTOGENIC FIBROMA. The 
desmoplastic fibroma is an uncommon lesion, con- 
sidered by some a benign-neoplastic, by others a re- 
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Fig. 20. B) Diffuse sclerosis characterizes 
the widespread involvement of the neurocra- 
nium and facial cranium. The radiopaque 
thread-like marker in the wall of the Silastic 
stent in the left external auditory canal is clear- 
ly visible (arrow). 
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Fig. 20. (Case 1) A) Marked over- 
growth and sclerosis of bone in the frontal 
and occipital area led to the develop- 
ment of the leonine facial structures 
and the occipital pug (arrow). Together 
with the thickening and sclerosis of the 
base of the skull, they exemplify the ex- 
tensive skull involvement. 





FIBROUS DYSPLASIA & TEMPORAL BONE 27 


=| 


fs 
“1 
PS 


minty 





Fig. 21. (Case 1) A, C) Both frontal sphencid sinuses and the B) right maxillary sinus are completely obliterated by the 
disease process, whereas the B, D) ethmoid anc the left maxillary sinuses display only partial involvement. 


active process. It affects primarily individuals 
under 30 years of age. It affects mainly the long 
bones, yet has also been encountered in the pelvis, 
mandible, scapula, vertebrae and clavicle, etc. 
Localized pain and occasionally a pathologic frac- 
ture may be the presenting symptom. Small, be- 
nign-appearing fibroblasts with abundant inter- 
cellular substance and numerous collagen fibers 
compose the lesion. It distinguishes itself ‘rom fi- 
brous dysplasia by the absence of bone formation.” 


OSTEOCHONDROMA, OSTEOBLASTOMA, AND OSTEOID 
OSTEOMA. These are additional localized lesions with 
a fibrous and an osseous component arising in the 
jaws. Another group of similar lesions are. because 
of their content of cementum, referred to as cemen- 
tal lesions, periapical cemental dysplasia, and be- 
nign cementoblastoma. The cementifying fibroma 
is a designation given to localized or diffuse expan- 
sile lesions with ovoid calcifications encountered 
also in extragnathic fibrous processes.''? '® Their 
differentiation from fibrous dysplasia, too. should 


be made on combined clinical, radiographic and 
morphologic grounds." 


POLYOSTOTIC FIBROUS DYSPLASIA 


Unlike the monostotic form, the polyostotic form 
of fibrous dysplasia may be readily recognized 
roentgenographically. Its tendency toward unilat- 
eral distribution, propensity to involve the lower ex- 
tremities, disposition toward recurrent spontaneous 
fractures, and pathognomonic shepherd-crook de- 
formity of the upper end of the femur characterize 


the disease entity. 


Polyostotic fibrous dysplasia has to be differen- 
tiated from a) hyperparathyroidism (osteitis fibrosa 
cystica generalista or von Recklinghausen disease of 
bone), b) polyostotic osteitis deformans Paget, c) 
predominantly unilateral enchondromatosis or Ol- 
lier disease, d) neurofibromatosis, or von Reckling- 
hausen disease, and e) cherubism. 


Hyperparathyroidism. Hyperparathyroidism (os- 
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Fig. 22. (Case 1) Dense sclerosis marks the severe involvement of the ven ene bone as seen in the A) Schuller and B) 


Stenver views. Narrowing of both, particularly the left external auditory cana 


teitis fibrosa cystica generalisata or von Reckling- 
hausen disease of bone) distinguishes itself roent- 
genologically from polyostotic fibrous dysplasia by 
1) generalized osteoporosis of the skeleton, 2) dif- 
fuse granular radiolucency of the calvaria 3) cor- 
tical cysts, 4) subperiosteal erosion of the phalanges, 
5) lack of osteosclerotic areas, 6) pronounced skele- 
tal tenderness, 7) hypercalcemia, and 8) lete onset 
in the middle and later decades of life. In hyperpar- 
athyroidism every single bone of the skeleton is in- 
volved, whereas in polyostotic fibrous c ysplasia 
never are all bones affected.*5 


Osteitis Deformans Paget. Polyostotic osteitis de- 
formans Paget distinguishes itself from po-yostotic 
fibrous dysplasia by 1) more even, bilateral distri- 
bution of the bone lesions, 2) predomirance of 
bending deformities over fracture deformities (ie, 
anterior bowing of the tibia), 3) coarse strand-like 
sclerosis of the spongiosa along lines of stress and 
strain, and 4) late onset of the disease after the age 
of 40. The thickening of the calvaria seldom reaches 
the dimensions encountered in fibrous dysplasia. 
The structural changes involving the external table 
provide a distinctive criterion. In osteitis deformans 
Paget the outer table is markedly thickened; in fi- 
brous dysplasia it is thinned to a delicate cortex.?5 


, is well recognized. 


Enchondromatosis (Ollier Disease). Unilateral 
enchondromatosis or Ollier disease is characterized 
by the predominant involvement of the hands and 
feet, combination with cartilaginous exostoses, ab- 
sence of skull involvement, and presence of spotty 
calcification of cartilage.” 


Neurofibromatosis. Neurofibromatosis or von 
Recklinghausen disease may be confused with fi- 
brous dysplasia in that one of its skeletal features, 
erosion of bone caused by a neurofibroma, may dis- 
play an identical cyst-like appearance. A neurofi- 
broma may originate within a bone or in the perios- 
teum. A neurofibroma arising in the periosteum 
may cause a pressure defect in the cortex and simu- 
late an intrinsic lesion unless examined roentgen- 
ologically in more than one plane.”? Long bones are 
rarely involved. In the skull the predilective sites 
are the orbital, sphenoid and temporal bones, cal- 
varia, particularly in the vicinity of the lambdoid 
suture, zygomatic arch, and ascending ramus of the 
mandible. The lesions in the calvaria have an irreg- 
ular sclerotic margin. The hereditary, often con- 
genital, aspect of this hamartoblastomatosis which. 
in its full-blown syndrome includes neurofibromas 
of the skin, pigmented nevi, racemous angiomas, 
and a variety of intracranial tumors (schwannomas 
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Fig. 23. (Case 1) Computerized axial 
tomography of the skull. A) Massive 
thickening of entire base of the skull, left 
zygoma, and midoccipital area. Arrow 
points to the open, cylindrical, radio- 
paque stent in the reconstructed left ex- 
ternal auditory canal. B) Diffuse involve- 
ment of the sphenoid, petrous, and oc- 
cipital bones. C) Exophthalmos resulted 
from progressive constriction of the or- 
bital cavity caused by diffuse hyperostosis 
of the sphenoid bone. D) Extensive in- 
volvement of the calvaria and cystic ex- 
pansion of the frontal bones. 


Fig. 24. (Case 1) A) Biopsy from left tympanic bone Proliferation of vascular fibrous connective tissue and trabeculae of 
woven Fone characterize the fibrodysplastic process. B) Same section under polarized light shows the random distribution of 
birefringent collagen fibers, typical for immature bone. (H & E, x 150) 
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of the cranial nerves, multiple meningiomas, spong- 
ioblastomas of the midline, ependymomas, etc), fa- 
cilitates its recognition. 


Cherubism. Cherubism is a familial fibrous dys- 
plasia of the jaws, characterized by swelling of the 
lower face. It is inherited as an autosomal dominant 
trait with an 80% penetrance and an expressivity 
varying in severity. It is usually recognized between 
the ages of 18 months and 2 years, then beccmes sta- 
tionary and regresses spontaneously during puber- 
ty. It affects primarily the mandible, occzsionally 
the maxilla. Multilocular cystic lesions in a sym- 
metrical distribution in the mandible and maxilla 
are responsible for the characteristic changes in 
facial configuration. '?!!”? 


TREATMENT 


There is presently no conservative treatment 
available for the control of fibrous dysplasia. The 
sole presence of a lesion does not justify surgical in- 
tervention. This applies particularly to a menostotic 
lesion which does not impair neural or moror func- 
tion and does not involve an important adjacent 
structure. A patient with fibrous dysplasia of the 
cranium and vertebral column should be ‘ollowed 
carefully at regular intervals. Involvemert of the 
frontal, ethmoid, and sphenoid bone demands ac- 
curate evaluation of the optic foramen. Progressive 
narrowing and impairment of vision call fo- a surgi- 
cal procedure with an attempt to decompress the 
optic canal, Increasing constriction of the external 
auditory canal resulting from temporal done in- 
volvement is an indication for reconstruction of the 
osseous canal followed by permanent stenting. Con- 
centric narrowing of the internal acoustic meatus 
associated with progressive impairment o` cranial 
nerve function may in selected instances justify a 
surgical decompression. However, such procedures 
on the optic foramen and internal auditcry canal 


Fig. 25. (Case 2) Enlargement and 
deformity of the neurocranium accom- 
panied by frontal bossing and an occi- 
pital pug reflect the massive involve- 
ment of the skull. 


may result only in a temporary improvement and 
retardation of the disease process. 


Some lesions because of their continuous, diffuse, 
expansile growth will require conservative osseous 
contouring,'** which at times may have to be 
repeated until the process has reached a stable 
level.'**-'?8 Occasionally a monostotic lesion involv- 
ing the maxilla may exhibit an accelerated ag- 
gressive growth tendency causing a severe facial 
deformity. In such situations, depending upon the 
natural history and local behavior of that particular 
disease process, a partial resection may become 
necessary to preserve the orbital contents.'"® It has, 
however, been observed that in some patients in 
whom a resected portion of a tubular bone or jaw 
had been replaced by a bone graft, the grafted bone 
later developed a recurrence of the dysplastic pro- 
cess," 


Recurrent spontaneous fractures require either 
curettage with replacement of bone chips, or local 
resection if the lesion involves a bone such as a rib. 
In spite of careful curettage, the incidence of local 
recurrence remains quite high. Among 37 patients 
of the Mayo Clinic, the recurrence rate was 21% in 
monostotic and 36% in polyostotic disease. An 
enormous spindle-shaped enlargement of a rib with 
compression of the lung calls for surgical resection. 


Polyostotic fibrous dysplasia, particularly when 
complicated by progressive deformity of the femur, 
may demand corrective osteotomies before skeletal 
growth is completed. Repeated fractures of the 
femur neck in older individuals may require re- 
placement of the upper end of the femur by a pros- 
thesis. However, since the dysplastic process gen- 
erally involves the neck as well as the proximal 
metaphysis of the femur, and thus cannot be totally 
removed, the possibility of a recurrence always re- 
mains.*° 
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sinus. 


Treatment by radiation therapy is absolutely 
contraindicated as malignant transformation is a 
possibility. Slow et al’? estimated that the ineidence 
of malignant transformation rises from 0.4 to 44% 
following radiation therapy. 


PROGNOSIS 


The prognosis of fibrous dysplasia is usually 
good. It depends upon the form and extent of the 
disease, the location of the lesions and their associa- 
tion with endocrine disturbances and other dis- 
orders. At puberty the monostotic form in general 
comes to a standstill, and the polyostotic form dis- 
plays some evidence of decrease in activity. How- 
ever, there are numerous exceptions.**'*” 5°% Oc- 
casionally new lesions appear after puberty. These 
are usually encountered in the pelvis and ribs.*’ 
Early onset of a severe form of polyostotic disease 
involving one or both sides of the skeleton may lead 
to severe unilateral or bilateral deformity. crip- 


Fig. 26. (Case 2) A) Frontal bossing (arrow), occipital pug (arrow) and the 
basilar impression are reflections of massive involvement of the entire calvaria 
and base. Coexistence of lytic and localized and diffuse sclerotic lesions strongly 
resembles pagetoid bone remodeling. B, C) Extensive involvement of the facial 
cranium resulted in obliteration of most paranasal sinuses except left maxillary 
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pling, and even complete invalidity. In polyostotic 
disease fresh lesions may develop and existing ones 
can spread. Reactivation after a prolonged period 
of quiesence is not uncommon. It may be observed 
during pregnancy.'*'*''*? In instances where fi- 
brous dysplasia is associated with endocrine distur- 
bances (McCune-Albright syndrome), the latter de- 
termines the outcome.” When sarcomatous transi- 
tion takes place in a dysplastic lesion, the prognosis 
changes accordingly. 


REVIEW OF THE LITERATURE 


To estimate the incidence, and to evaluate the 
clinical features, regional behavior and surgical end 
results of fibrous dysplasia involving the temporal 
bone, a survey of the literature of the past four 
decades has been conducted.?527831:41.133-174 Since 
1946, 48 investigators reported 69 cases. All but six 
were otolaryngologists. There may have been a few 
more cases reported in scientific journals through- 
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Fig. 27. (Case 2) Lateral (Schuller 


ing of the external auditory canals. 








Fig. 28. (Case 2) Frontal tomograms of the right and left petrous pyramids reveal the downward bending of the external 
and the upward slanting of the internal auditory canals regularly encountered in basilar invagination. Diffuse sclerosis tends 
to obscure landmarks of the cochlear and vestibular capsule. Malleus in both ears is enlarged but there is no encroachment on 
the seventh and eighth cranial nerves. 
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out the world which for one or another reason es- 
caped the search. Our review, therefore, even 
though done with great care, does not claim to in- 
clude every case reported within that particular 
time period. The number of 69 clinical reports, 
however, appears sufficient to study some of the 
clinical and pathological aspects of the disease enti- 
ty. The available data have been tabulated with re- 
spect to 1) age incidence, sex and race distribution, 


Fig. 29. (Case 2) A) A-P and B) 
lateral views of chest. Involvement of 
several right thoracic ribs is manifested 
by obvious spindle-shaped enlargement 
(arrows). On the lateral view three of 
the thoracic vertebrae display areas of 
bone resorption (arrows). 


2) age at onset of clinical symptoms and sequence of 
clinical symptoms, 3) otological findings, 4) neuro- 
logical manifestations and complications, 5) radio- 
logical appearance, 6) form of fibrous dysplasia, 7) 
endocrine and other associated disorders, 8) skin 
pigmentation, 9) serum analysis, 10) biopsies, 11) 
indication for surgical procedures, numbers and 
types of operations, 12) operative findings, and 13) 
complications from the disease and from opera- 
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Fig. 30. (Case 2) Policvelic loosening, distension and 
severe deformity of the right humerus and adjacent por- 
tions of radius and ulna are obvious. 


tions. The analysis of the available data reveals the 
following. 


Of these 69 patients with fibrous dysplasia in- 
volving the temporal bone, 38 were males, 18 were 
females, and in 13 the sex was not stated. This 
would suggest a male to female relationship of 
about 2:1. Fifty-five were white, 2 were orientals, 3 
were blacks and in 8 the race was not mentioned. 
Twenty-six of the 69 patients had the monostotic 
form, 15 had the polyostotic form, but in 28 the 
form of fibrous dysplasia was not specified. In 37 in- 
stances, biopsies confirming the diagnosis were 
made. In obviously many more patients positive 


biopsies were obtained but not mentioned in the 
paper. 


The age at which the patient first consulted a 
physician was known in 55. It varied between 3 and 
80; the mean age was 28 years. The age of onset of 
the initial clinical manifestation was not known in 
37. It varied between birth and 59; the mean age 
was 15 years. 


The most common presenting symptoms in order 
of decreasing frequency were 1) progressive loss of 
hearing (39), 2) increase in size of the temporal 
bone (35), and 3) progressive bony occlusion of the 
external auditory canal (29). Except for 7 with total 
loss of cochlear function and 1 with a profound sen- 
sorineural hearing loss, all 35 had a conductive 
hearing loss. In 11 patients constriction or obliter- 
ation of the external auditory meatus had given rise 
to an external epidermoid inclusion cyst or chole- 
steatoma. The cholesteatoma was associated with a 
labyrinthitis in 2 instances and with a semicircular 
canal fistula in 1, and with a postauricular abscess 
in another patient. Five patients had a peripheral 
ipsilateral facial nerve palsy. One patient presented 
with ipsilateral cranial nerve involvement IV to VI. 
In three patients fibrous dysplasia presented as an 
intracranial space-occupying lesion. In two of them 
with massive involvement of the right middle and 
posterior cranial fossa, the cranial nerves I to XII, 
and II, V to XII respectively, were affected. The in- 
crease in size of the temporal bone was manifested 
primarily by a postauricular, but in some instances 
also by a periauricular, preauricular, and supra- 
auricular swelling. In three patients, the marked 
swelling of the mastoid process produced an an- 
terior and inferior protrusion of the auricle. Tris- 
mus was observed in three patients and reflected in- 
volvement and distortion of the temporomandi- 
bular articulation. In eight instances the disease 
was associated with pain. Otorrhea or symptoms of 
external otitis were hardly ever observed. In one in- 
stance, a secondary mastoid infection had led to a 
basal meningitis, in another to a facial nerve palsy. 


The roentgenological examination in general re- 
vealed an enlargement of the temporal bone assoc- 
iated with sclerosis, or a uniform “ground-glass” 
appearance of the augmented bone. Occasionally 
areas of radiolucency and cortical thinning were 
observed. The constriction or obliteration of the ex- 
ternal auditory canal was regularly confirmed by 
x-ray studies, but only in two instances was there 
evidence of narrowing of the internal auditory 
canal. 


Among the 69 patients with temporal bone in- 
volvement, the left ear was involved in 28 and the 
right ear in 27 instances. In 14 the side of involve- 
ment was not known. In none of the 69 patients, 
however, were both temporal bones affected. 


Forty-one patients underwent surgical treat- 
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ment. In 14 the indication was removal of a bone 
growth (exostoses) obliterating the external canal, 
and meatal reconstruction. In 20 who had under- 
gone a mastoid operation, an abnormal swelling of 
the temporal bone or a postauricular bone mass 
were the indications. Many of these patients also 
had meatal stenosis. Of these 41 patients, 20 were 
operated once, 11 twice, 6 three times, 3 had four 
operations and 1 had seven operative procedures. 


Ig: oy 
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Fig. 32. (Case 2) Diffuse polycystic in- 
volvement of entire pelvis resulted in 
severe deformity and oblique constric- 
tion. Extreme shepherd-crook deformity 
of the upper portion of the femora, in- 
ward protrusion of the acetabula and 
scoliosis of the lumbar spine are obvious. 





Fig. 31. (Case 2) A) Right- forearm 
shows severe deformity and Tonei as 
a result of diffuse bony involvement and 
recurrent, healed, spontaneous fractures. 
A recent unhealed fracture involves the 
radial shaft. B) Fragmentation of the 
bases of the proximal phalanges and cys- 
tic changes in metacarpal and phalangeal 
bones are all manifestations of the dis- ' 
ease. 


Thus, half of all patients (20) required two or more 
operative procedures, but surgery was rarely cura- 
tive. In the patients who did not develop a recur- 
rence, the impression was that it was due to a de- 
crease in activity of the disease, rather than because 
of a surgical cure. 


One of the 69 patients, a 9-year-old female, had 
McCune-Albright syndrome. A 35-year-old patient 


= 


36 NAGER ET AL 


= 
= 
= 
= 
= 





with polyostotic disease and extensive craniofacial 
involvement, already manifest at birth, alsc showed 
several soft tissue tumors involving the rigkt cheek. 
the right lower lip, and enlargement of the right 
side of his tongue, all on the side of the skeletal in- 
volvement. One 30-year-old female in wiom the 
form of fibrous dysplasia was not stated. who 
displayed massive involvement of her left temporal 
bone, was of short stature (4 ft. 4 in.), 


Three patients complained of dizziness and four 
of tinnitus. One patient with tinnitus'*’ was a 
40-year-old male with a 2'/,-year-history of fullness, 
pulse-synchronous tinnitus and hearing lcss. Oto- 
scopic examination revealed a reddish mass behind 
an immobile eardrum. At operation an extremely 
vascular, soft, pedunculated, bony mass was re- 
moved from the midhorizontal section of the fallo- 
pian canal. An almost identical case of vascular, 
sponge-like, gritty, osseous lesion, arising “rom the 
promontory in an ll-year-old male suspected of 
having a glomus tumor, diagnosed as “ossifying 
fibroma,” was reported by Stecker.'*® His initial 
complaints too were pulsatile tinnitus and progres- 
sive loss of hearing. 


At operation in nearly every instance all “our por- 
tions of the temporal bone (mastoid, tympanic, 
petrous, and squamous) were found to be involved. 
In every case the diseased bone had a soft. spongy, 
crumbly and gritty consistency which cotld easily 


Fig. 33. (Case 2) A) A-P anc B) lateral 
projection of right knee. Distal portion of 
the right femur and adjacent proximal por- 
tion of the tibia exhibit very extensive 
polycystic involvement which resulted in 
extreme distortion and deformity of the 
articulation. 


be scooped out with a curette and which was uni- 
formly very vascular. 


The primary complications of fibrous dysplasia 
were mentioned earlier and include 1) progressive 
loss of hearing, 2) increase in size of the temporal 
bone, and 3) gradual obliteration of the external 
auditory canal. The secondary complications of this 
disease comprise 1) secondary external cholestea- 
toma, 2) erosion of the middle ear ossicles, inner ear 
capsule, and fallopian canal, 3) exposure of the 
middle and posterior cranial fossa dura, lateral 
sinus, jugular bulb and carotid artery, 4) blockage 
of the eustachian tube leading to serous otitis 
media, and 5) monocranial and polycranial neuro- 
pathy. 


One of the 69 patients, a 14'/,-year-old male with 
a 7 x 7 cm cystic, fibrodysplastic lesion which pro- 
truded 4 cm into the cranial cavity died in shock 
following severe blood loss several hours after his 
third operation, a neurosurgical procedure. 


All patients had normal serum calcium and phos- 
phorous levels and in all but one the serum alkaline 
phosphatase level was within normal limits. 


CASE REPORTS 


The case histories of three of our patients are 
presented here to illustrate the pertinent features of 
fibrous dysplasia involving the temporal bone. Two 
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of them have polyostotic disease with skin pig- 
mentation and hyperthyroidism. Their widespread 
skull disease led to bilateral temporal bone involve- 
ment. The third has monostotic disease withcut skin 
pigmentation but evidence of mild gynecomastia. 
His temporal bone involvement led to the develop- 
ment of an intracranial space-occupying mass. All 
are males and developed the initial clinical symp- 
toms during the first decade of life. 


Case 1. Polyostotic fibrous dysplasia with skin pigmentation 
and hyperthyroidism was diagnosed. This included massive in- 
volvement of the entire skull, several ribs and metatarsal bones; 
marked enlargement and deformity of facial and neural eranium; 
“leonine facies,” hypertelorism, exophthalmus and obliteration of 
paranasal sinuses; and progressive stenosis of external auditory 
canals resulting in secondary external cholesteatoma on the left, 
requiring surgical removal and meatal reconstruction. There was 
a histery of recurrent spontaneous rib fractures, pigmeated skin 
patches in lumbar and sacral region, hyperthyroidism requiring 
thyroidectomies at ages 10 and 11, and subsequent thyroid- 
depressing medication until age 20. 


Fig. 34. (Case 2) A) A-P and B) later- 
al view of right lower extremity. Metal 
pin in the right lower tibia stabilizes the 
pathological fracture. Bony bridges unite 
the severely deformed and bent tibia 
and fibula which display. extensive 
monocystic radiolucencies and a fine 
granular osseous pattern. Medial artic- 
ular surface of the talus exhibits some 
fragmentation. 


Our patient was a 45-year-old attorney with a family history of 
hyperthyroidism. At the age of 10, after an apparently minor 
head injury, he developed a hard swelling involving the occipital 
bone, which on biopsy proved to be fibrous dysplasia, and also 
symptoms of hyperthyroidism. Also noticed at that time were 
three unelevated brownish pigmented skin patches in the lumbar 
and sacra! area. A few months after the initial partial thyroidec- 
tomy (age 10), symptoms of hyperactive thyroid disease recurred. 
A subtotal thyroidectomy was performed at the age of 11, fol- 
lowed by radioactive and other antithyroid therapy until 20, 
when the-condition was thought to be stabilized. His adolescence 
had been uneventful with puberty developing at normal age. 


The family history is significant in that his mother was treated 
for hyperactive thyroid disease and finally underwent a total 
thyroidectomy. 


At age 33, following a sneeze, the patient suffered a spontan- 
eous fracture of a right thoracic rib in an area of localized fibrous 
dysplasia. Thereafter he suffered repeated pathological fractures 
in the same location. In recent years he was found to have fibrous 
dysplasia involving several metatarsal bones. 


Already at the age of 10 he was found to have a very narrow 
and irregular left external auditory canal which produced in- 
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creasing difficulties with cleaning. At the age of 34, he was 
operated elsewhere for an external cholesteatoma in that ear. 
Shortly thereafter he was referred to us with a nearly complete 
closure of the canal, an underlying recurrent cholesteatoma, pro- 
gressive loss of hearing and otalgia in that ear. 


Examination on admission revealed considerable enlargement 
and deformity of the facial and neural cranium, characterized by 
a leonine facies, hypertelorism, bilateral exopthalmus and an oc- 
cipital pug (Fig. 18). His stature was normal. Three irregular, 
nonelevated, dark brownish skin pigmentations, of the size of a 
half-dollar, were located in the lumbar and sacral area slightly to 
the right of the midline (Fig. 18). An enlarged right thyroid node 
was palpable beneath the thyroidectomy scar. The patient was 
found to be again hyperthyroid. There was no evidence of addi- 
tional endocrine disturbances or other associated disorders. 


Otoscopic examination disclosed a near complete osseous 
obliteration of the left external auditory canal associated with an 
external otitis and an underlying cholesteatoma. The right exter- 
nal auditory canal revealed some narrowing with irregular con- 
tours. Cochlear function studies showed a bilateral conductive 
hearing loss with an SRT of 65 dB on the left and 30 dB on the 
right and 100% discrimination bilaterally (Fig. 19). 


Roentgenological examination of the skull displayed marked 
enlargement and deformity with diffuse sclerosis involving the 
neurocranium and facial cranium (Fig. 20 A, B). As a result. the 
frontal and maxillary sinuses were totally or incompletely 
obliterated by concentric new bone formation (Fig. 21 A-D). 
Roentgenograms of the temporal bones exhibited in addition to 
narrowing of the middle ear cavity, an enlargement of malleus 
and incus with some increase in density. They also showed a 
marked narrowing of the external auditory canals (Fig. 22A). 





Fig. 36. (Case 2) A) Biopsy from the med llary cavity beneath the attenuated cortex of the anterior aspect of the left 


ponny tibia. It shows three central trabeculae of woven bone 


(arrows) embedded in a cellular fibrous tissue surrounded by 


arger trabeculae of lamellar bone. B) Same section under polarized light displays the characteristic birefringence of woven 


bone compared with that of the mature bone. (H & E, x 150) 
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Fig. 37. (Case 3) Audiogram. 


The serum alkaline phosphatase was elevated (44 IU/l); cal- 
cium (8.8 mg/d) and phosphate were decreased (3 mg dl). 


Under general anesthesia the left external auditory canal was 
reconstructed and a large external cholesteatoma removed. The 
dysplastic process involved all four portions of the temporal bone. 
It had the consistency of a pumice stone, felt gritty and was very 
vascular. The middle ear cavity was constricted. Many of the 
landmarks were distorted by new bone formation. The middle 
ear ossicles were also involved in the bony process. The biopsy 
revealed fibrous dysplasia (Fig. 24). The postoperative eourse was 
uneventful. The patient was started on a course of antithyroid 
medication. A permanent Silastic stent was placed in the external 
canal for prevention of restenosis, to be exchanged and cleaned at 
regular intervals (Figs. 20B and 23). It has been tolerated well for 
many years. The patients most recent hearing test disclosed an 
SRT of 10 dB and a discrimination score of 100% in the operated 
ear. He has been treated with phosphate supplements and 
vitamin D by mouth. His alkaline phosphatase has been decreas- 
ing to 46 IU/1, reaching almost normal values (10-32 IU/1); serum 


calcium 8.8 mg/dl (normal 9-11) and phosphate levels (3 mg/dl) 
also have been approaching normal values (normal phosphate: 
3-4.5 mg/dl). 


Case 2. Bilateral polyostotic fibrous dysplasia with skin 
pigmenitations and hyperthyroidism was diagnosed. The patient - 
had extensive involvement of all extremities, entire skull, spine, 
several ribs, right scapula, both clavicles and pelvis; enlargement 
and deformity of facial and neural cranium; frontal bossing, oc- 
cipital pug and basalar invagination; numerous spontaneous frac- 
tures of the extremities requiring multiple orthopedic procedures; 
premature closure of the epiphyseal centers; severe deformity of 
the entire skeleton resulting in crippling and short stature; grad- 
ual narrowing of external auditory canals, secondary external oti- 
tis and involvement of outer middle ear ossicles; and pigmented 
skin patches over the left anterior chest, back of neck and right 
lumbosacral area. 


A 42-year-old data retrieval specialist at the age of 4 developed 
the first of what subsequently amounted to a total of about 50 
pathological fractures resulting in the establishment of the 
diagnosis of bilateral polyostotic fibrous dysplasia. The skeletal le- 
sions and injuries required numerous orthopedic procedures. The 
number and extent of dysplastic lesions, the spontaneous frac- 
tures, and the premature closure of the epiphyseal centers resulted 
in severe skeletal deformity, crippling and short stature. At the 
age of 30 he suffered a collapse of a thoracic vertebra, requiring a 
spinal fusion (Fig. 10). At the age of 32, he was found to have 
hyperthyroidism, clinically and biochemically, and from then on 
received antithyroid therapy. He developed pubic hair growth at 
the age of 14. He had a lifelong history of allergies. 


On physical examination, the patient was found to be very 
short in stature. He displayed numerous, severe musculoskeletal 
deformities, but nevertheless ambulated with remarkable adroit- 
ness with the aid of a pelvic brace and crutches. The head re- 
vealed severe frontal bossing, asymmetry and deformity (Fig. 25). 
A large, nonelevated, irregularly contoured “coast of Maine” café 
au lait skin patch was noticed over the left upper anterior chest 
wall, in the back of the neck, and in the right lumbosacral area. 
The thyroid gland disclosed an obvious nodular enlargement, the 
right lobe being larger than the left. 


During the past six years, the patient had had recurrent epi- 
sodes of unsteadiness and dizziness, occasionally with a sensation 
of swaying, often following sudden head movements and change 
of position, occurring on a daily basis. On bending over they were 
often accompanied by a sensation of spinning. For three years he 
had bilateral tinnitus and periods of fullness and pressure in both, 
but more severely in the right ear. He had also noticed a mild loss 
of hearing, more marked in the right ear. Occasionally discrimin- 
ation seemed to be impaired. Four years ago he was found to have 
a concentric narrowing of the right visual field. The serum 
calcium levels generally were around 9.5 mg/dl (normal 9-11) but 





Fig. 38. (Case 3) Longitudinal (Stenver) view of right and left petrous pyramids. The fibro-osseous lesion which caused 
a ballooning of the right pyramid displays a uniform ground-glass structure and is covered by an extremely thin layer of cor- 
tical bone (arrows). 
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occasionally had been as low as 7.9 mg/dl. Serum >shosphate 
levels were around 2.5 mg/dl (normal 3-4.5). Alkaline phospha- 
tase initially was much elevated, reaching levels up tc ap units 
but more recently dropped to 91 units (normal 10-32 1). At one 
time the patient had had some polydipsia with serun Sina 
levels rising slightly above 120 mg/dl, but subsequent gucose tol- 
erance tests failed to show significant abnormalities. 


The neurological examination revealed an old Herner syn- 
drome on the right thought to be related to an abnormality of his 
cervical spine. There was no evidence of central nervous system 
involvement or basilar artery insufficiency. 


The roentgenological examination revealed extensive involve- 
ment of the neurocranium and facial cranium with lyic lesions, 
and scattered focal and diffuse sclerosis, thickening of he diploic 
space, inner and outer tables, enlargement of the frontal and oc- 
cipital bone, and basilar invagination (Fig. 26 A, B). 3oth fron- 
tal, right ethmoid, right maxillary and a portion of the left max- 
illary sinus were opacified. The temporal bones displared diffuse 
sclerosis which obscured the otic capsule, the internal auditory 
canal and the mastoid cell system, leaving the middle ear cavity 
fairly well demarcated (Figs. 27 and 28). A kyphoscolic sis involv- 
ing the spine was most marked in the dorsal-lumba- junction 
(Fig. 29). Whereas the spinous process of cervical C-2 and the 
body of C-6 disclosed lytic and sclerotic lesions, involvement of 





Fig. 39. (Case 3) A) Lateral projections of 
the right temporal bone projections of the skull 
in 1973 and 1976 clearly show the increase in 
size of the dysplastic process over the 3-year 
period (arrows). 


lumbar L-1 through L-5 was characterized by diffuse sclerosis of 
the vertebral body. The right seventh and eighth and the left fifth 
rib displayed fusiform expansile lytic lesions (Fig. 29). The right 
scapula and both clavicles exhibited bone involvement. The right 
humerus disclosed widespread disease (Fig. 30). The right elbow 
was hardly recognizable. Extensive involvement of the right 
radius and ulna had resulted in expansion, deformity and an un- 
healed fracture in the distal radial shaft (Fig. 31). Cystic lesions 
were encountered in some of the metacarpal and phalangeal 
bones of the right hand (Fig. 31). Massive involvement of the 
pelvis and femora had led to severe oblique constriction of the 
pelvis with inward protrusion of the acetabula of the femur and 
to a shepherd-crook deformity of the latter (Fig. 32). The right 
knee was almost unrecognizable due to widespread involvement 
of predominantly cystic lesions (Fig. 33). The right tibia and 
fibula displayed grotesque deformities characterized by medial 
bowing, distention and a conglomerate of radiolucent lesions in 
the cental tibial shaft and spiraling of the fibula (Fig. 34). The left 
upper and lower extremities exhibited similar changes, and both 
feet showed evidence of localized disease. 


On otological examination both external auditory canals dis- 
closed a moderate degree of irregular, concentric narrowing, 
more obvious on the right, and a mild diffuse external otitis. 
There was a small epidermoid inclusion cyst embedded in the 
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Fig. 39, contd. B) A-P (Town) projection showing similar findings. 


rightmeatal skin. The right and left malleus showed a Gefinite in- 
crease in size as a result of bone involvement (Fig. 28). Cochlear 
function studies revealed a mild bilateral conductive hearing loss 
with an SRT of 30 dB on the right and 25 dB on the left (Fig. 35). 
Discrimination was 100% bilaterally. Vestibular function studies 
revealed a poor optokinetic nystagmus, a positional nystagmus in 
head-hanging positions with Frenzel glasses, bidirectional gaze 
nystagmus and rather feeble responses to caloric stimulation bilat- 
erally, suggesting the possibility of brainstem invelvement. 
(Testing was done by Dr. L. Proctor.) 


A biopsy from the right tibia in 1971 had identified the bone le- 
sion as fibrous dysplasia (Fig. 36). The patient has beer followed 
regularly for the past ten years. His gradually progressive skeletal 
deformity necessitated retirement at the age of 40. 


Case 3. Monostotic fibrous dysplasia involving the right tem- 
poral bone associated with gynecomastia was diagnosed. Pro- 
gressive tumorous enlargement of the right petrous pyramid with 
extension into the middle and posterior cranial fossa and increas- 
ing narrowing of the right external auditory canal were found. 

A 17-year-old male at the age of 10 was referred for evaluation 
of a right-sided progressive conductive hearing loss. On physical 
examination no skeletal anomalies or skull deformities were 
noted. 


The otological examination showed no significant narrowing of 


the right external auditory canal. The right tympanic membrane 
appeared normal. The audiometric evaluation revealed a 55 dB 
flat condurtive hearing loss in the right but normal hearing in the 
left ear (F. 37). 


The roentgenological examination (1973) disclosed a recogniz- 
able increase in size of the right petrous pyramid which extended 
laterally irto the base of the squamous portion and into the anter- 
ior and superior tympanic portion of the temporal bone. The aug- 
mented petrous bone which was bounded superiorly by distended, 
eggshell-t} in cortical bone, had a ground-glass appearance (Figs. 
38-40). 


On suzegcal exploration the roof and anterior wall of the right 
external auditory canal were replaced by an abnormally soft, vas- 
cular, gritty, yellowish, fibro-osseous tissue, which on micro- 
scopic examination proved to be fibrous dysplasia (Fig. 41). 


In 1976- at the age of 13, there still was no recognizable exter- 
nal deformity of the right temporal bone. However, the external 
auditory canal had become markedly constricted. The tympanic 
membrane had become retracted and the middle ear filled with 
an amber luid. The long process of the incus had undergone ne- 
crosis, andza natural myringostapediopexy had formed. The con- 
ductive hearing loss had increased by 10 dB to a 65 dB level. The 
roentgenel»gical examination showed a considerable increase in 
size and additional cortical expansion of the right petrous pyra- 
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Fig. 40. A, B) (Case 3) Lateral polytomogrems of the right temporal bone illustrate the dimensions, texture and delinea- 
tion of the fibro-osseous lesion. 


mid. The three dimensional enlargement of the petrcus portion 
was well recognized in the CAT scan. A bone survey failed to 
demonstrate additional skeletal lesions. The serum levels for cal- 
cium, phosphorus and alkaline phosphatase were norn al. Besides 
a mild form of gynecomastia, there was no evidence cf other en- 
docrinopathies. The EEG was normal. A right myringotomy was 
performed and a ventilation tube inserted. 


In 1978, at the age of 15, a CAT scan (Fig. 42) showed little in- 
crease in size of the intracranial extension of the tempo-al bone le- 
sion, and at the present time, the patient exhibits no additional 
changes or neurological deficits. 


DISCUSSION AND CONCLUSIONS 


Perusal of the literature reveals that fibrous 
dysplasia is no longer an uncommon skeletal dis- 
order and that involvement of the temporal bone is 
not an exclusive rarity. At least 69, very likely more, 
patients with temporal bone involvement have been 
reported during the past four decades. It thus 
becomes a challenge for the otolaryngologist to ac- 
quaint himself with the clinical features of the dis- 
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Fig. 40, cont'd. 


ease. To provide him with the pertinent informa- 
tion, an attempt was made initially to review the 
clinical, radiological, and pathological aspects of 
the disease in general and secondarily, to study the 
manifestations of the condition in the temporal 
bone. This enables us to draw the following conclu- 
sions. 


Fibrous dysplasia is a disease of younger people 
usually manifesting itself in childhood or early 
adolescence. In some instances, it has been observed 


at birth.'7> Most investigators therefore assume a 
congenital nature for this developmental anomaly 
of the bone-forming mesenchyme. With the rare ex- 
ception of sarcomatous transformation, it generally 
is a benign, self-limiting disease which usually 
ceases to grow after having reached a certain stage. 
In many instances puberty does not have a stabiliz- 
ing effect. 


Fibrous dysplasia is the most frequent benign 
skeletal disease affecting the skull. The skull is one 
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Fig. 41. (Case 3) A) Biopsy from the squamous portion 
of the right temporal bone (H & E, x 65). B) ligher 
magnification of the same section reveals, beside a 
trabecula of lamellar bone, a mass of cementicles of-en en- 
countered in fibrous dysplasia involving the skull induding 
the temporal bone (x 200). C) Different area of th same 
section with a trabecula of woven bone displaying the 
characteristics of metaplastic bone formation (x 800). 


of the most common sites of skeletal involvement. It 
may be affected exclusively in the monostotic form 
of the disease, but on the other hand, one or several 
lesions can represent the initial manifestation of the 





polyostotic form. In monostotic disease the inci- 
dence of craniofacial involvement is about 10%. In 
polyostotic disease, the incidence rises to 50% in the 
presence of moderate skeletal involvement, but 
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reaches 100% with extensive skeletal involvement.” 
It generally begins as a hardly noticeable, gradually 
progressive, painless swelling in the neurocranium 
or facial cranium. If the lesion is small, lacated in 
the base, or covered by a thick layer of soft tissue, it 
remains unnoticed only to be detected incidentally. 
The process usually is not limited to a single bone, 
rather it extends across a suture line into an adja- 
cent bone. There is a tendency toward a unilateral 
distribution. In some instances, vast areas of the en- 
tire skull may be affected. The skull bones most fre- 
quently involved are the frontal and the sphenoid 
bones, followed by the ethmoid, parietal, temporal, 
and occipital bones. The temporal bones are af- 
fected in about 18% of skull involvement. As a rule 
only one temporal bone is affected, but in wide- 
spread polyostotic disease, both temporal bones 
may become involved, as illustrated in two of our 
cases. The disease regularly affects all four portions 
of the temporal bone. Our survey indicates that in- 
volvement of the temporal bone is more often a 
manifestation of monostotic than polyostotic dis- 
ease, the ratio being 2:1. However, since the major- 
ity of the 69 patients probably did not have skeletal 
surveys, the actual ratio could be different. 


Fig. 42. (Case 3) 1 A-D) Computerized 
tomography of the skull in the axial projec- 
tion to ele the monostotic fibrodysplastic 
process involving the right temporal bone. 
Diffusely enlarged and sclerotic petrous 
pyramid extends considerably into the right 
middle and posterior cranial fossa. 


In the temporal bone, the process generally be- 
gins as a painless, slowly progressive swelling in- 
volving the mastoid process or squama, or occas- 
ionally with asymmetry of the skull, at times with a 
preauricular protrusion interfering with mobility in 
the temporomandibular joint, or with progressive 
obliteration of the external auditory canal. Thus the 
deformity of the temporal bone is a pathognomonic 
feature. 


The radiological features of temporal bone in- 
volvement include an increase in size and bone den- 
sity associated with areas of sclerosis and radiolu- 
cency. They reflect the underlying histologic archi- 
tecture and vary with the amount of fibrosis and 
degree of calcification. Areas of prevailing fibrosis 
and cyst formation produce a radiolucency, where- 
as areas with predominating new bone formation 
create regions of increased bony density. The 
disease process may obliterate the entire cellular 
system and replace vast areas with a uniform, 
dense, ground-glasslike bony pattern. In addition to 
the features mentioned earlier, the hyperostotic 
process may give rise to a remarkable intracranial 
enlargement of the petrous pyramid. Our survey 
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revealed no difference between the sides irvolved. 
The serum levels for calcium, phosphorus and 
alkaline phosphatase are usually normal, but in 
widespread and bilateral involvement the alkaline 
phosphatase is elevated, as observed in two of our 
patients. Sarcomatous transformation has not yet 
been reported, but should it occur, an inc-ease in 
growth rate, evidence of bone destruction aid pain 
would herald such a process in the temporel bone. 
One patient presented the McCune-Albright syn- 
drome. One patient with evidence of polyostotic 
disease at birth showed several soft tissue tumors in- 
volving the right cheek, right lower lip, an enlarge- 
ment of the right side of his tongue, all on the side of 
the skeletal involvement. 


The clinical features of temporal bone mvolve- 
ment are as follows. The age at which the »atients 
first seek medical advice varied between 7 and 80: 
the mean age was 27 years. The age of onset of in- 
itial clinical manifestation varied between birth 
and 59; the mean age was 15 years. The male to fe- 
male ratio was about 2:1. The most common pre- 
senting symptoms in order of decreasing frequency 





Fig. 42, cont'd. 2 A-D) Computerized to- 
mography of the temporal bone in the cor- 
onal projection. A - Brain setting, B - Bone 
setting at the level of the internal auditory 
canal. C - Brain setting, D - Bone setting at 
the level of the jugular foramen. Three di- 
mensional enlargement and sclerosis of the 
petrous pyramid is again demonstrated in 
the coronal plane. 


were l) progressive loss of hearing, 2) increase in 
size of the temporal bone, and 3) progressive bony 
obliteration of the external auditory canal. The 
great majority of patients had a conductive hearing 
loss resulting from canal occlusion, but in several 
with total loss of hearing and one with a profound 
sensorineural loss, involvement of the otic capsule 
by the disease process was the cause. The secondary 
complications included 1) development of secon- 
dary cholesteatoma behind the canal stenosis or 
obliteration, in an incidence of 16%, 2) erosion of 
the middle ear ossicles, inner ear capsule, and fallo- 
pian canal, leading to a labyrinthitis and facial 
palsy, 3) exposure of the dura of the middle and 
posterior cranial fossa and of the greater vessels, 4) 
monocranial and polycranial neuropathy, and 5) 
blockage of the eustachian tube. Very few patients 
complained about otalgia, dizziness or tinnitus. In 
two patients with pulsatile tinnitus and a reddish 
mass behind the eardrum, a fibrodysplastic lesion 
originating from the medial wall of the tympanic 
cavity simulated an intratympanic paraganglioma. 
In a rare instance, fibrous dysplasia simulated an 
intracranial tumor and twice caused narrowing of 
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Fig. 43. Biopsy from left external auditory canal of a 12-year-old mal» with onset of progressive loss of hearing at the age 
of 10 and obliterative fibrous dysplasia of the tympanic portion of the temporal bone; a 50 dB conductive hearing loss and a 
secondary external cholesteatoma were present. Three operative proceeures were required (1970, Katharinen Hospital, 
Stuttgart, Prof. Kirstein; July 12, 1971, and July 2, 1975, ORL Clinic, Tübingen, Prof. D. Plester) (H & E, x 120). A) Ir- 
regular, poorly oriented, partly calcified trabeculae of immature bone wah B) irregular, randomly distributed birefringent 
fibers under polarized light, embedded in a fairly cellular and vascular stoma, identifies this lesion as fibrous dysplasia. 


(Courtesy of Prof. E. Steinbach, ORL Clinic, Tiibingen). 


the internal auditory canal. The majority of pa- 
tients underwent an operation for exploration of an 
unidentified swelling involving the lateral aspect of 
the temporal bone, or for removal of exostoses from 
the outer ear canal. In every instance, the diseased 
bone had a soft, spongy, crumbly and gritty con- 
sistency which could be easily shelled out by cur- 
ette, and which was uniformly very vascular. About 
half of all patients required two or more operative 
procedures, but surgery was rarely curative with 
restenosis developing. The management, therefore, 
should be conservative and restricted to reestablish- 
ment of function, to prevention of complications, 
and when indicated, to cosmetic remodeling. Re- 
stenosis of the external auditory canal can be pre- 
vented by placement of a permanent Silastic stent, 
as illustrated in one of our patients. In mcnostotic 
disease, the diagnosis has to be confirmed by biop- 
sy, whereas in polyostotic disease the presence of 
other typical lesions elsewhere may suffice. Radia- 
tion therapy should be avoided. The differential 
diagnosis should include 1) osteitis deformans 


Paget 2) hyperparathyroidism.3) a local reaction to 
a meningioma, and 4) an osteoma. 


SUMMARY 


Fibrous dysplasia of bone is a fairly common, 
possib*y congenital, locally circumscribed misdif- 
ferentzation of bone-forming mesenchyme into an 
isomorphous fibrous tissue of spindled cells com- 
prising poorly formed trabeculae, spicules and 
cementicles of metaplastic woven bone. 


It may affect a single, several or many bones. Ac- 
cordingly, monostotic, oligostotic and polyostotic 
forms are distinguished. Its predilective sites in- 
clude he metaphyses and diaphyses of long bones, 
ribs, shoulders, pelvic region and the craniofacial 
skeletcn. The localization of bone lesions favors a 
unilateral distribution. The etiology so far has re- 
mained obscure. 


The initial clinical symptoms may include re- 
currerm pains in affected bones and adjacent joints, 
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Fig. 44. Biopsy from the right ear canal of a1 11-year-old female with fibrous dysplasia presenting as two spherical, pea- 
sized osteomas arising from the posterior bony canal wall of six month’s duration with a 30 dB conductive hearing loss. 
(Operation by Dr. J. Helms, ORL Clinic, Tübir gen, April 3, 1974). The appearance, distribution and orientation of the A) 
C-shaped bony trabeculae and the nature of thei: immature bone B) with the disorderly distribution of the birefringent fibers 


characterizes the lesion as fibrous dysplasia. (H & E, x 120) 


swelling, and repeated spontaneous fractures. They 
generally appear during the first decade of life. 


The McCune-Albright syndrome is a variant of 
the polyostotic form. It is characterized by the as- 
sociation of multiple bone lesions with generally ip- 
silateral skin pigmentation, occasionally by accel- 
erated bone growth but early bone maturat on, and 
by precocious sexual development. Females are al- 
most exclusively affected. 


Fibrous dysplasia may be associated with a num- 
ber of other endocrine disorders, above all, with 
hyperthyroidism. The disease may occur in com- 
bination with other, nonendocrine disorders. Sar- 
comatous degeneration does occur but is very rare. 


The temporal bone may occasionally become the 
site of monostotic, or less frequently, of po-yostotic 
disease. In such instances, the disease manifests 
itself with progressive loss of hearing, increasing 
narrowing of the outer ear canal, and occesionally 
with an increase in size of the temporal bene. The 
hearing loss is predominantly conductive and us- 


ually related to the canal stenosis. The enlargement 
of the temporal bone may present itself as a 
painless, flat or spherical postauricular swelling 
which may produce a forward and downward dis- 
placement of the auricle, by an anterior, superior, 
or inferior auricular bulge, or by an intracranial 
space-occupying mass. The roentgenogram, in ad- 
dition to confirming the enlargement of the tem- 
poral bone and the expansion and the thinning of 
the cortex, also reflects the morphology of the 
disease. A dense network of well-calcified bony 
trabeculae will produce a sclerotic pattern whereas 
a predominant proliferation of fibrous tissue with 
few and poorly calcified trabeculae or cementicles 
will lend a lesion a radiolucent, smoky or ground- 
glass appearance. 


Progressive narrowing of the external meatus 
may be misinterpreted as diffuse or multiple ex- 
ostoses. However, exostoses are hardly ever en- 
countered during the first and second decade of life 
when fibrous dysplasia makes its clinical appear- 
ance. Obliteration of the external canal may give 
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rise to an external cholesteatoma. A cholesteatoma, 
in turn, may lead to the development of a chronic 
tympanomastoiditis, facial palsy, labyrinthitis, or 
an endocranial complication. 


The indications for surgical intervention include 
1) maintenance of a normal ear canal, 2) preserva- 
tion of cochlear and vestibular function, and 3) pre- 
vention of secondary complications. 


The fibrodysplastic bone has a characteristic soft, 
gritty, and vascular texture. Restenosis of a surgi- 
cally enlarged canal is a common observation. The 
majority of patients had several operative pro- 


cedures. Since restenosis is today a rare complica- 
tion, t should raise the suspicion of an underlying 
fibrous dysplasia. Restenosis can be prevented with 
a permanent Silastic tubular prosthesis. 


In a rare instance fibrous dysplasia of the middle 
ear may mimic a vascular tumor. An expanding le- 
sion of the petrous pyramid may produce symptoms 
of a middle or posterior fossa lesion. However, 
unless indicated, it is hazardous to attempt a total 
removal, since surgery is rarely curative and the 
vascularity of the process may lead to serious com- 
plications. 3 
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EXPERIMENTAL OTITIS MEDIA IN CHINCHILLAS 
I. BASELINE IMMUNOLOGICAL INVESTIGATION 


NORITAKE WATANABE, MD 
BRUCE R. BRIGGS, BS DAVID J. LIM, MD 


COLUMBUS. OHIO 


Baseline immunological data on the chinchilla were obtained, and a detailed method for purification of each immunoglobulin is 
described. Antiserum to each chinchilla immunoglobulin was made by immunizing rabbits with immunoglobulins purified from serum 
and colostrum. The main classes of serum immunoglobulins in the chinchilla are G, A and M, similar to those in other rodents and humans. 
The immunohistochemical study showed that the distribution of immunocytes in lymphoid organs is similar to that of other rodents and 
humans. In the eustachian tube the glandular acinar cells were distinctly positive for IgA staining. A few IgA-forming cells and very rare 
IgG- and IgM-forming cells were found in the eustachian tube mucosa, but all were very rare in the middle ear mucosa. These findings 
suggest that the secretory immune system of the chinchilla eustachian tube may be active in the normal state and that the local immune 
system of the normal middle ear mucosa may be latent but could become active following antigenic stimulation. 7 


INTRODUCTION MATERIALS AND METHODS 
The chinchilla (Chinchilla laniger) has been Materials. Chinchilla blood for sera was obtained from 41 
widely used in recent years as a laboratory animal animals by cardiac puncture under methoxyflurane inhalation 


anesthesia. Following centrifugation (at 1500 rpm for 15 minutes) 
to remove clots and red blood cells, the sera were pooled and 
stored at -20°C until use. Chinchilla colostrum was collected 


for experimental otitis media because of: 1) its large 
and easily accessible bulla, which allows the collec- 


tion of large quantitites of effusion; 2) its thin bullar manually for up to one week postparturition from about 20 ani- 
bone, which allows the injection of inoculum di- mals. and about 0.5 ml/animal/day of colostrum could be col- 
rectly into the bulla without puncturing the tvm- lected after an 8-hour separation from its litter. A total of 200 ml 


i i i of colostrum was used for this study. 
panic membrane; 3) the resistance of its middle ear ! 


to natural infection; and 4) the susceptibility of its 
middle ear to pathogenic organisms causing otitis 
media in humans." * 


Purification of Chinchilla Serum Immunoglobulins. Chinchilla 
IgG and IgM were purified by gel filtration on Sephadex G-200 
(Pharmacia, Piscataway, NJ) and DEAE-cellulose (Whatman, 
Maidstone, Kent) ion exchange column chromatography accord- 
ing to the procedure of Vaerman and Heremans.” Crude gamma 
globulins were prepared by two successive precipitations of sera 


S . 7 . n . . 
Hook® investigated the humoral immune response with saturated ammonium sulfate (SAS) at 45% final saturation. 


of the adult chinchilla against several antigens and This precipitate was then resuspended in 1/20 of the original 
suggested that there might be two classes (19S and volume of sera, dialyzed against distilled water for three 1 L 
7S) of immunoglobulin in chinchilla serum. Visco changes, then dialyzed against borate buffered saline (BBS) at 
and Kinkler® studied the cellular immune system in 0.01M ~pHi 8.3, for three additional 1 L changes. The crude gam- 
i ; ; i i i i é ma globulins were applied to the Sephadex G-200 column, which 
chinchillas by investigating in vitro lymphocyte was equilibrated with BBS. The column was run at a rate of 1 ml 
transformation using specific and nonspecific every 4 minutes and fractions collected by a fraction collector in 
mitogens and suggested that there might be two 5-ml aliquots. Fractions were assayed at 280 nm, and the first 
subpopulations of chinchilla lymphocytes, T-cells protein peak was used as a source of IgM and the second protein 
and B-cells. According to these studies the chin- porerssante gt Igi 
chilla seems to have humoral and cellular immune The IgM peak was concentrated by lyophilization and rechro- 


f . i ; , matographed twice as above through a Sephadex G-200-BBS col- 
systems like those of humans. However, the basic umr equilibrated with BBS. The first protein peak was saved 


immunological and immunochemical characteris- each time. The resulting IgM-rich fraction was applied to a 
tics of the chinchilla eustachian tube and middle ear Sepharese 6B column equilibrated with BBS. Again the first pro- 
have not been adequately established. In an effort tein peak was concentrated and dialyzed against veronal buffer at 


to clarify th . 7 pH 8.6 for preparative block electrophoresis on Pevikon C-870 
Sey Sne normal immune mechanism of the (Calbiochem-Behring, La Jolla, Calif), as outlined by Müller- 


middle ear of the chinchilla, purification of im- Eberhard and Osterland.* Pevikon block electrophoresis (1.5 x 15 
munoglobulins (G, M and A) from serum and colos- x 60 cm) was performed on this fraction at 3 V/cm for 24 hours. 
trum was attempted. Antisera to the major immun- Upon completion 1.5-em segments were cut from the block. The 
oglobulins were produced in rabbits and used to as- proteins eee in the ccna were eluted with 10 ml ee on 

; eee . . . . a sintered glass filter, and the protein concentration was deter- 
en the distribution of immunoglobulintorming mined by the Folin-Lowry method! The protein peak closest to 
cells in the middle ear and eustachian tube of nor- the point of introduction of the sample (origin) was collected and 
mal chinchillas using immunofluorescence. concentrated as chinchilla IgM. 


From the Otological Research Laboratories, Department of Otolaryngology, Ohio State University College of Medicine, Columbus. This study was sup- 
ported in part by grants from the NIH-NINCDS (R 501 NS08854), Deafness Research Foundation and E.A.R. Foundation. 
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Fig. 1. A-C) Immunoelectrophoretic patterns of zhin- 
chilla sera (S), which develops a single precipitation ere to 
each antisera, demonstrating monospecificity. 


The IgG peak from Sephadex G-200 was concentra ed. dia- 
lyzed against 0.005M phosphate buffer at pH 7.6 and was then 
applied to a DEAE-cellulose ion exchange column equilibrated 
with 0.005M phosphate buffer. The proteins were elwed by a 
stepwise gradient of 0.005M, 0.01M, 0.02M. and 0.1M p 1osphate 
buffer, all pH 7.6. The eluate of 0.005M phosphate bi ffer, pH 
7.6, was used as chinchilla IgG. 


Purification of Chinchilla Milk IgA. IgA from the cinchilla 
milk was purified as described previously.” '"'' The colostrum 
was centrifuged at 16.100g for one hour. and the inte-mediate 
layer between the top fatty layer and the bottom caseit precipi- 
tate was collected and salted out with 50% SAS. The precipitate 
was redissolved, dialyzed against 0.01M phosphate bufter at pH 
7.6. and was applied to a DEAE-cellulose ion exchange column. 
Similarly, elution was performed by a stepwise grad ent pro- 
cedure. The first elution was conducted using a 0.01M phosphate 
buffer at pH 7.6, followed by 0.02M, 0.1M and 0.2M phosphate 
buffers at pH 7.6. Eluates of 0.1M and 0.2M buffers & pH 7.6 
were concentrated and applied to a Sephadex G-200 colt mn. The 
first protein peak was further purified by Sepharose 6B vzel filtra- 
tion. The second peak from Sepharose 6B gel filtration served as a 
source of IgA, 


Fig. 2. Ouchterlony gel diffusion experi- 
ment. A) A major precipitation line between 
anti-SIgA and milk (M) is interpreted to be 
secretory IgA. The minor precipitation line 
formed between anti-SlgA and serum (S) is 
partially fused with that of milk, demon- 
strating immunological partial identity. This 
minor line is interpreted to be serum IgA. B) 
Anti-SIgA against SIgA and peaks I, II, and 
III from Sephadex G-200 gel filtration to 
which 0.01M and 0.02M eluates of DEAE- 
cellulose chromatography of chinchilla col- 
ostrum were applied. A single precipitation 
line between anti-SIgA and set ITI is inter- 
preted to be secretory component. 


Preparation of Antisera. Antisera were prepared in rabbits by 
immunization, with each antigen mixed 1:1 with complete 
Freund’s adjuvant. Rabbits were immunized with ] mg of the 
antigen subcutaneously once a week for four weeks. The mono- 
specificity of each antiserum was analyzed by immunodiffusion 
and immunoelectrophoresis (Fig. 1). Antisera were adsorbed with 
appropriate serum components by affinity chromatography in 
order to render them monospecific. 


Fluoresceinated Antisera. Each antiserum against chinchilla 
IgG. IgA and IgM was conjugated with fluoresceinated isothio- 
cyanate (FITC) by the method of Kawamura.'? The FITC-conju- 
gated antisera were absorbed with chinchilla liver powder in 
order to remove nonspecific background staining.'” 

Immunofluorescent Studies. Specimens of the fresh tissues were 
fixed in cold 95% ethanol and prepared according to the method 
of Hamashima and Kyogoku.'' Immunoglobulin-positive cells 
were counted and averaged from 3-5 microscopic fields at 160x. 
The cell counts are expressed in this paper as “very rare” (fewer 
than 1 field), “rare” (1-2/field), “few” (3-5/field). “moderate” 
(6-10 field), or “many” (over 11 field), 

Measurement of IgG. IgA and IgM. Levels of IgG. IgA and 
[gM in serum samples from 41 healthy chinchillas were deter- 
mined by single radial immunodiffusion according to the method 
of Mancini et al. IgG (IgG,) and IgM purified from chinchilla 
serum and IgA purified from chinchilla colostrum were used as 
standards. 


RESULTS 

CHARACTERISTICS OF CHINCHILLA SECRETORY 
IzA AND SECRETORY COMPONENT 

The antisera against chinchilla milk IgA devel- 
oped a spur between precipitation lines of chin- 
chilla milk and serum. The antiserum also 
developed a precipitation line against the third peak 
of Sephadex G-200 gel filtration of protein fractions 
that were obtained by 0.01M and 0.02M buffers on 
DEAE-cellulose chromatography of the colostrum 
(Fig. 2). This suggests the existence of an extra an- 
tigenic determinant in chinchilla milk IgA (secre- 
tory IgA) as compared with serum IgA. and the ex- 
tra antigenic determinant is assumed to be the se- 
cretory component. 


LEVELS OF IgG. IgA and IgM IN SERA 


Mean levels of each immunoglobulin in sera from 
Il normal adult chinchilla are shown in Figure 3. 
The mean level of IgG was 1016 mg 100 ml (mean 


+ 2SE: 889-1148). The mean value of IgA was 98 
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Fig. 3. Concentrations of different classes of im- 
munoglobulins in normal chinchilla sera. 





mg/100 ml (92-105) and of IgM 76 mg/100 ml 
(67-S4). 


IMMUNOFLUORESCENT STUDIES 


Immunoglobulin-Forming Cells in Mucous Mem- 
branes of the Eustachian Tube and Middle Ear 
Cavity. In the mucous membrane of eustachian 
tubes a few IgA-forming cells were found in the 
subepithelial connective tissue and between the 
glands, whereas the presence of both IgG- and IgM- 
forming cells was very rare. A few IgA-forming cells 
were found in the cartilaginous portion and pha- 
ryngeal orifice of the tubes, but the number of IgA- 
forming cells became rare in the bony portion (Fig. 
4). 


Epithelial cells of the eustachian tube mucosa 
were not stained with FITC-conjugated antisera to 
IgA. whereas acinar cells of tubal glands were 
positive for IgA staining. These IgA-positive glands 
were of mixed type (seromucous) and distributed 
mainly in the cartilaginous portion and pharyngeal 
orifice. In the bony portion of the eustachian tubes 
the lamina propria was thin and tubal glands were 
not found. 


Any type of immunoglobulin-forming cells was 
very rare in the middle ear mucosa of normal adult 
chinchillas as compared with the eustachian tube, 


“is 


Fig. 4. A) IgA-forming cells (single arrow) and glandular acinar cells (double arrows) were found in the eustachian tube in this 
immunofluorescent stained section. B) Adjacent section to A, stained by H & E. Ep - Epithelium: G - Glands. (x160 original 
magnification) 


Fig. 5. Immunoglobulin-forming cells in chinchilla 
spleen stained with FITC-conjugated A) anti-IgA, F) anti- 
IgM, and C) anti-IgG. (x160 original magnification) 


although there were some IgA-forming cells. The 
epithelial cells were cuboidal or flat in the middle 
ear mucosa, and they were not stained wit 1 FITC- 
conjugated antisera to each immunoglobulin. Glands 
could not be found in the normal middle ear mu- 
cosa. 

Immunoglobulin-Forming Cells in Lumphoid 
Organs and Respiratory and Alimentary Tracts. 
The spleen, mesenteric lymph nodes, and periph- 
eral lymphoid organs were examined as cor.trols for 
the middle ear tissue. There were many immuno- 
globulin-forming cells present in the interfollicular 
area of the lymph nodes and red pulp of th= spleen. 
The most common immunoglobulin-forming cells 
were IgG-forming cells, which accounted for 70% 
of the immunoglobulin-forming cells. The percen- 
tage of IgM-forming cells was 20% and of IgA- 
forming cells only 10% (Fig. 5). 
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Fig. 6. Immunoglobulin-forming cells in chinchilla tra- 
chea stained with A) FITC-conjugated anti-IgA, B) anti- 
IgM, and C) anti-IgG. M - Muscle. (x160 original magnifi- 
cation) 


In the trachea a few IgA-forming cells were scat- 
tered in the subepithelial connective tissue and be- 
tween glands, whereas IgG- and IgM-forming cells 
were very rare. This finding is similar to those of the 
eustachian tube and middle ear mucosa (Fig. 6). 


Many IgA-forming cells were found in the sub- 
epithelial connective tissue of the small and large 
intestines, and the luminar contents and acinar cells 
of intestinal glands were also brilliantly stained 
with FITC-conjugated anti-IgA. The IgA-forming 
cells accounted for 80% of the immunoglobulin- 
forming cells present in the alimentary tract. In 
contrast, IgM-forming cells were few in number 
(20%), and IgG-forming cells were very rare (Fig. 


7). 
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Fig. 7. Immunoglobulin-forming cells in chinchilla in- 
testine stained with FITC-conjugated A) anti-IgA, B) anti- 
IgM, and C) anti-IgG (arrow). (x160 original magnifica- 
tion) 


DISCUSSION 


The present study identified at least thee main 
classes of immunoglobulin (IgG, IgA and IgM) in 
chinchilla serum, which correspond to those in 
humans in their chromatographic and electro- 
phoretic characteristics. Results of this study 
showed that the predominant immunoglebulin in 
chinchilla serum is IgG, followed by IgA end IgM. 
This finding is in accordance with that frem other 
laboratory animals, such as the guinee pig,’ 
mouse,'® rat,” and hamster,'* and humans. '®:'°:2° 


Rodents have two subclasses of IgG, IgG, and 
IgG, as determined by electrophoretic and chro- 


matozgraphic properties.’ Electrophoretically IgG, 
moves to the anode faster than IgG, and also can be 
eluted by 0.005M Tris HC1 buffer at pH 8 from the 
DEAE-cellulose column, while IgG, is eluted by 
higher than 0.005M buffer, as shown in guinea 
pigs.’ Our study suggests that subclasses of IgG in 
the chinchilla are similar, if not identical, to those 
in guinea pigs.”' 


The immunofluorescent investigation of this 
study demonstrated that IgG-positive cells were the 
predominant type of immunoglobulin-forming cells 
in the peripheral lymphoid organs, whereas IgA- 
positive cells were the main immunoglobulin-form- 
ing cells in the respiratory and alimentary tracts 
and middle ear mucosa. This finding suggests that 
the chinchilla possesses both systemic and local im- 
mune systems, as demonstrated in other rodents 
(guinea pig,’ mouse,'® rat,” hamster'*) and 
humans. !!:!?:2° 


Huss! and Lim? studied immunoglobulin- 
forming cells in the mucosa of middle ears and 
eustachian tubes of squirrel monkeys and reported 
that immunoglobulin-forming cells were occa- 
sionally encountered in normal middle ear mucosa 
and that their number increased following inflam- 
matory changes in the middle ear. Mogi et al’* in- 
vestigated immunoglobulin-forming cells in the 
middle ear mucosa of developing and mature guin- 
ea pigs and suggested that the local synthesis of IgA 
is latent in the middle ear mucosa of normal guinea 
pigs because the middle ear cavity has less oppor- 
tunity to receive antigenic stimulation than other 
areas of the respiratory and alimentary tracts 
because of its anatomic arrangement. The present 
study confirms these previous observations in which 
IgA-ferming cells were predominant in the car- 
tilagimous portion and pharyngeal orifice of the 
tube and less prominent in the tympanic cavity. 


Recent studies**** have suggested that the human 
and laboratory animal middle ear mucosa main- 
tains a local mucosal immune system.’° ** Bernstein 
et al> demonstrated the local synthesis of SC in the 
middk ear epithelium, and Mogi et al** identified 
free SC and bound SC in the middle ear effusions. 
More recently it has been demonstrated that secre- 
tory WA possesses antibody activity in the middle 
ear effusions from patients with otitis media with 
effusien.’’ These findings indicate that there is ac- 
tive function of the local immune system in the 
human middle ear mucosa. It is known that secre- 
tory WA plays an important role in the first-line 
defense system of the mucous membranes that face 
the external environment.” The demonstration of 
secretory IgA in chinchilla colostrum in this study 
supports the notion that the chinchilla possesses a 
mucosal immune system like that in humans, mak- 
ing the chinchilla an immunologically appropriate 
animal model for experimental otitis media. 
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The present study shows that two different serotypes of Streptococus pneumoniae (types 3 and 23) when inoculated through the bulla 
elicit distinctly different immune responses in chinch-llas. The passive hemagglutination assay shows that type 3 is a better immunogen 


than type 23 and that type 3 primarily elicits immune responses in the m 


iddle ear. When class-specific antibody activity was measured with 


the red cell linked antigen-antibody reaction test, antibody activities of serum IgG to type 3 slightly declined and of effusion IgM and IgA 
to type 3 increased following type 3 infection, whereas following type 23 infection antibody activities of serum IgG to type 23 increased and 
no antibody activities of IgA and IgM to type 23 were present in the effusions. 


INTRODUCTION 


Streptococcus pneumoniae is reported to be one 
of the most common bacteria involved in acute oti- 
tis media'? and otitis media with effusion (OME),*" 
and it can elicit immune response in middle ear ef- 
fusions (MEEs).'* In pneumococcal otitis media it 
has been suggested that the clinical course may de- 
pend to a certain extent on the serotype.° In a recent 
animal experiment on otitis media using the chin- 
chilla and type 23 pneumococcus,’* the animals 
were capable of clearing the infection over a 6-week 
period without treatment, whereas otitis media 
caused by type 3 persisted throughout the 6-week 
study. The resolution of type 23 pneumococcal otitis 
media paralleled the development of type-specific 
serum antibody, and the prolonged course of type 3 
pneumococcal infection was associated with a fall 
in the levels of type-specific antibody in serum.’ 
This observation suggests that serum antibodies 
may play an important role in dictating the clinical 
course. On the other hand, Lewis et al’ observed 
that prior infection of S pneumoniae type 3 in the 
middle ear made that middle ear resistant to a sec- 
ond challenge, even though the systemic antibody 
specific to type 3 fell following infection. 


Secretory IgA, the predominant immunoglobulin 
in external secretions, plays an important role in 
local immunity, which is independent from system- 
ic immunity.'®'' Several investigators" '™'5 have 
demonstrated that MEEs have specific antibody ac- 
tivity against bacterial and viral antigens and that 
secretory IgA in MEE possesses specific ant: body ac- 
tivity.'?'* These results suggest that the middle ear 
is an organ capable of responding immunclogically 
to antigenic stimulation independently trom the 


systemic immune system. The preceding study from 
this laboratory demonstrated the presence of the 
IgA system in chinchillas, suggesting a similarity in 
the human and chinchilla middle ear immune sys- 
tems.’° 


The serotype specificity of the immune response, 
the directional preference as to whether a local or 
systemic response is induced by pneumococcal otitis 
media, and the relative value of serum antibodies 
versus locally produced effusion antibodies are im- 
portant research questions. This information is use- 
ful not only for understanding the clinical course of 
pneumococcal otitis media but also for evaluating 
the potential use of a pneumococcal vaccine for 
otitis media. 


MATERIALS AND METHODS 


Animals. Sera and effusions from 124 healthy chinchillas 
(Chinchilla laniger, 1-2 years; 200-500 g) were used in this experi- 
ment. Forty-one of these chinchillas served as controls; 55 chin- 
chillas that had been used in an earlier study had been inoculated 
with live S pneumoniae type 3; and the remaining 28 were in- 
fected with S pneumoniae type 23. 


Antisera. Antisera against chinchilla IgG, IgA and IgM were 
prepared in rabbits, as previously described. '* 


Bacterial Inoculum. S pneumoniae type 3 was obtained from 
the Center for Disease Control (Atlanta) and S pneumoniae type 
23 from the American Type Culture Collection (Rockville, Md). 
The virulence of these organisms was maintained by intraperi- 
toneal passage in mice. The bacteria were cultured overnight in 
brain-heart infusion broth supplemented with 10% horse serum. 
After being washed twice with sterile 0.1M phosphate buffered 
saline (PBS) at pH 7.4, the bacteria were suspended in saline and 
the concentration adjusted to 10° organisms/ml spectrophoto- 
metrically by reference to a standard curve. Standard plate counts 
on blood agar were used to confirm the concentration in the orig- 
inal inoculum. The chinchillas were aseptically inoculated di- 
rectly into the superior bulla with 0.3 ml of the bacterial suspen- 


From the Otological Research Laboratories, Departmeat of Otolaryngology, Ohio State University College of Medicine, Columbus. This study was 
supported in parts by grants from the NIH-NINCDS (R 501 NS08854) and Deafness Research Foundation. 
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TABLE 1. TOTAL CONCENTRATION OF EACH IMMUNOGLOBULIN CLASS IN MEEs AND SERA 
AS MEASURED BY SINGLE RADIAL IMMUNODIFFUSION 
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sion. The number of organisms in the inoculum is the optimal 
quantity that effectively induces otitis media in chinchillas with- 
out killing the animals.’ The volume of the inoculum was appro- 
priate for inoculation into the chinchilla bulla without rupturing 
the tympanic membrane. 


Fluoresceinated Antisera, Each antiserum against chinchilla 
IgG, IgA and IgM was conjugated with fluoresceinated isothio- 
cyanate (FITC) by the method of Kawamura!’ and absorbed 
with chinchilla liver powder in order to remove nonspecific stain- 
ing for connective tissue. 


Preparation of Tissues and Immunofluorescent Study. The im- 
munofluorescent study of the middle ear mucosa and eustachian 
tube and the blocking test were carried out as previously 
reported.'* Immunoglobulin-positive cells were coun-ed in a 
160x-power field in five different areas and averaged. 


Indirect Fluorescent Antibody Technique. In order to detect 
the specific antibody activity of each immunoglobulir. class in 
MEEs and sera, the indirect fluorescent antibody technique was 
employed as reported by Sloyer et al.' 


Collection of MEEs and Sera. Sixteen of 55 chinchillas (29% ) 
developed MEEs within two weeks after the inoculation of S 
pneumoniae type 3, and 10 of 28 chinchillas (36%) inoculated 
with S pneumoniae type 23 had MEEs. MEEs were collected by 
puncturing the inferior bulla using 21-gauge needles fi-ted to a 
tuberculin syringe between 10 and 14 days after inoculation. 
Blood samples were obtained by cardiac puncture befcre sacri- 
fice. 


Quantitative Analysis of IgG, IgA and IgM in MEEs and Sera. 
Levels of total IgG, IgA and IgM in MEEs and sera were deter- 
mined by single radial immunodiffusion according to the method 
of Mancini et al.'? Milk IgA was used as the standard for IgA, and 
IgG and IgM purified from sera as standards for IgG and IgM, re- 
spectively. 

The use of a serum IgA (7S) for IgA measurements underes- 
timates levels of secretory IgA (11S) by approximately three 
times.'* Conversely, when secretory IgA is used for the standard, 
the levels of 7S IgA overestimate by three times. Although we 
have not determined whether IgA in MEEs in this study is of the 
secretory type (11S) or serum type (7S), we divided the values of 
IgA by three in this study in order to estimate the secretory IgA 
value since Mogi et al'* reported that 89% of total IgA in MEE 
was of the serum type. 


Passive Hemagglutination (PHA) Titers and Specific Antibody 
Titers of Each Immunoglobulin Class. The PHA test was done to 
detect antibody titers, regardless of their immunoglobulia classes, 
according to the method of Baker et al.” For the PHA test rabbit 
red blood cells (RRBC) were sensitized with pneumocoecal cap- 
sular polysaccharides (provided by the Eli Lilly Research Labora- 
tory, Indianapolis, Ind) using chromic chloride. Ten milligrams 
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per milliliter pneumococcal capsular polysaccharide were mixed 
with an equal volume of 0.1% CrCl? in saline. The mixture was 
added to a half volume of washed packed RRBC and incubated 
for 4 minutes at room temperature. The sensitized RRBC were 
immediately washed four times with 0.1M PBS at pH 7.4 and ad- 
justed to 2% with 0.1M PBS at pH 7.4. The titration was per- 
formed by the microtiter method, and the reagents used were 
dispensed or diluted in 25 „l volumes in the titration. Serial 
twofold dilutions of the samples were made in 0.2% bovine serum 
albumin in 0.1M PBS at pH 7.4. After two hours of incubation at 
room temperature the titers of the PHA test were determined. 


The red cell linked antigen-antibody reaction (RCLA-AR) test 
was carried out to detect specific antibody titers of each im- 
munoglobulin class in MEEs and sera by the method of Toyo- 
shima and Tamaki.’' The negative wells of the microtiter plate in 
the PHA test were used. Supernatants of all wells were removed 
by centrifugation, and the precipitated RRBC were washed four 
times with 100 „l of PBS. The RRBC of each well were 
resuspended in 25 ul of PBC, after which 25 ul of a 1/100 dilution 
of the appropriate anti-immunoglobulin solution against each im- 
munoglobulin was added. The mixture was incubated overnight 
at 4°C. The titers were determined as in the PHA test. In the 
RCLA-AR test if the antibody activity in one of the immunoglob- 
ulin classes was lower than the titer determined by the PHA test, 
the antibody activity was unmeasurable and the result of the 
RCLA-AR test was judged to be negative. The specificity of this 
test was examined by the absorption of specific antibody in 
samples with pneumococcal polysaccharides and by the inhibition 
of antiserum with each chinchilla immunoglobulin. 


The mean titers of specific antibody in the PHA and RCLA-AR 
tests were calculated logarithmically in log 2, and in this calcula- 
tion the negative titers were calculated as zero (= log, 2°). 


Statistics. The x? test was employed to estimate the incidence 
(of detectable antibodies) differences between the control and ex- 
perimental sera and between the experimental sera and MEEs. 
Due to the nonparametric distribution of antibody titers, we used 
the Wilcoxon rank-sum test, which is equivalent to the nonpara- 
metric Mann-Whitney U-test, for analysis of these titers. 


RESULTS 


Total Immunoglobulin Levels in Sera and MEEs. 
In order to see whether the value of each immuno- 
globulin class reflected a possible increase in speci- 
fic antibody following infection with type 3 or 23, 
mean values of total IgG, IgA and IgM in MEEs 
and sera were measured (Table 1). There were no 
significant differences in the mean values of IgG, 
IgA and IgM in sera between normal and infected 
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TABLE 2. SPECIFIC ANTIBODY TITERS TO TYPE 3 OF EACH IMMUNOGLOBULIN CLASS IN MEEs AND SERA 
AS MEASURED BY RCLA-AR 









Normal Sera 





Incidence (%) Titer 





— Undetectable 
* Total antibody to Type3 
xx Percent of positive cases 
xxx Mean + 2SE 


groups and between the groups infected with the 
two serotypes, with the exception of serum IgM in 
type 23-infected animals. The serum IgM level was 
higher in type 23-infected animals than in controls 
(p<0.06). The mean value of each immunoglobulin 
in MEEs from infected animals was significantly 
lower than that in sera from infected animals 
(p<0.10). There were no significant differences be- 
tween mean immunoglobulin values of MEEs from 
animals infected with the two serotypes. The data 
from the measurement of total immunoglobulins 
following infection failed to reflect the increase in 
class-specific antibody, except in the case of IgM 
after type 23 infection (see following section on spe- 
cific antibody activities). 


In order to determine the source of immunoglob- 
ulins in the MEEs, the E/S ratio of each immuno- 
globulin class was determined (Table 1). The E/S 
ratios of IgG, IgA and IgM from animals infected 
with the two serotypes were smaller than one 
(0.45-0.66). The IgA/IgG ratio in MEEs from the 
type 3-infected group was 0.07 and from the type 
23-infected group 0.08. The IgA/IgG ratios of 
MEEs were smaller than those of sera (0.09) from 
animals infected with each serotype. This finding 
suggests that the total IgG level is proportionally 
greater than the IgA level in both MEEs and sera. 
Based solely on the total immunoglobulin measure- 
ment, this could be interpreted to mean that IgG is 
the main immunoglobulin class in the MEEs and 
that the effusion immunoglobulins are derived from 
serum transudation. 


Specific Antibody Activities against Different 
Serotypes in MEEs and Sera from Infected Chin- 
chillas. The specific antibody activities against type 
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3 in normal sera and MEEs from infected animals 
are shown in Table 2. Anti-type 3 antibody activity 
could not be detected in normal sera by the PHA 
test but was demonstrable in the MEEs and sera 
after infection with type 3. The incidence of anti- 
type 3 antibody was significantly higher in MEEs 
than in sera of infected animals (p< 0.05). 


When the second antibody was added to the test 
system for the RCLA-AR test, specific anti-type 3 
IgG antibody was detected in 70% of the normal 
sera. The mean titer and incidence of anti-type 3 
IgG were significantly higher than those of IgA 
(p<0.005) and IgM (p<0.004) in normal sera. 
These data suggest that the antibody activity 
against type 3 in normal sera primarily resides in 
the IgG class. 


Although the mean titers and incidence of anti- 
type 3 IgG are slightly reduced following infection 
with type 3, the differences are not significant. In 
contrast to IgG antibody, the mean titer and inci- 
dence of anti-type 3 IgA antibody in MEEs in type 
3-infected animals were higher than those in sera 
from normal and type 3-infected animals. This in- 
crease was not significantly different, possibly due 
in part to the small sample size and large variance 
between samples. 


The levels and incidence of IgM in the serum and 
MEE after type 3 infection also increased over the 
normal serum values, and the incidence of IgM in 
the MEEs was significantly higher (p< 0.02) than 
the cerresponding level in the sera of type 3-infected 
animals. 


The distribution of specific antibody titers in the 
MEEs and sera from animals infected with type 23 
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TABLE 3. SPECIFIC ANTIBODY TITERS TG TYPE 23 OF EACH IMMUNOGLOBULIN CLASS IN MEEs AND SERA 
AS MEASURED BY RCLA-AR 
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pneumococci was substantially different from that 
of type 3. Although the PHA test failed to snow an- 
tibody activity in normal sera or in sera and MEEs 
from infected animals, when class-specific antibody 
titers were examined the antibody activity against 
type 23 in normal sera was equally dis-ributed 
among the three immunoglobulin classes (Table 3). 


The specific antibody titers as meastred by 
RCLA-AR showed that the titer of serum IgG an- 
tibodies to type 23 was twice as high in the :nfected 
animals as in the controls, and this difference was 
statistically significant (p<0.02). The level of 
specific IgG in the MEEs reflected the levels of IgG 
present in the sera of infected animals, and the dif- 
ference between the two values is not statistically 
significant (Table 3). 


The titer and incidence of IgA against type 23 in 
infected sera was higher than that in normal sera, 


Type 3 (n=14) 
Titer 


32 


Sera MEEs Sero MEEs Sero MEES 
igG IgA IgM gG 








Ag<B2 ( p= 0.0175) 
az <bp (p= 0.0026) 
Q4 tba { p> 0.0528} 
bs (c3 (p= 0.0603) 
bs (C4 (p=0.0253) 


but the difference was not statistically significant. 
Anti-type 23 IgA could not be detected in the MEEs 
of type 23-infected animals, which is in striking 
contrast to the increased levels of specific IgA in the 
MEEs of type 3-infected animals mentioned pre- 
viously. 


There was a slight but not significant increase in 
the mean titer of anti-type 23 IgM in the sera of in- 
fected animals, but the incidence of IgM increased 
significantly in the type 23-infected animals 
(p<0.06). This finding is consistent with the in- 
creased total serum IgM levels (Table 1). The IgM 
response following infection was similar to the IgA 
response in that no anti-type 23 IgM was demon- 
strable in the MEEs following type 23 infection. 


Compartson of Specific Antibody Titers between 
Paired MEEs and Sera. In order to demonstrate 
variation in immune response, we compared speci- 


Type 23 (n=i0) 
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Fig. 2. Immunofluorescent demonstration of specific an- 
tibody against S pneumoniae type 3. The capsule of S 
pneumoniae type 3 is stained with FITC-conjugated an- 
tichinchilla IgA antiserum. (x640 magnification) 


fic antibody titers between paired MEFs and sera 
for each serotvpe. The results of such a comparison 
for type 3 are shown in Figure 1. IgG in 36% of the 
samples, IgA in 29% , and IgM in 32% were greater 
in the MEFs than in the paired sera, but in the re- 
mainder the immunoglobulin values in MEEs were 
either equal to or less than those of sera. On the 
other hand, a comparison of paired samples from 
type 23-infected animals revealed that all the im- 
munoglobulin values (IgG. IgM, IgA), with one ex- 
ception, were less than those of sera (Fig. 1). 


Immunofluorescent Demonstration of Specific 
Antibody to Bacterial Antigens in Each Immuno- 
globulin Class. Antibody activity of all three im- 
munoglobulin classes in both MEEs and sera against 
S pneumoniae types 3 and 23 was demonstrated us- 


ing the indirect immunofluorescence technique of 


Slover et al.' A bacterial smear was incubated with 
a sample of MEE or serum from each infected ani- 
mal. After the slides were washed with PBS the bac- 
teria were stained by FITC-conjugated antisera 


against each chinchilla immunoglobulin (Fig. 2). 
Antibody activity of all three classes against type 3 
was detected in sera and MEEs from type 3-infected 
animals. On the other hand, only IgG antibody to 
type 23 was found in MEEs from type 23-infected 
animals although antibodies of all classes were de- 
tectable in sera from the infected animals. This 
finding is consistent with the specific antibody 
levels measured by the RCLA-AR test (Tables 2 and 
3). 


Immunohistochemistry.. Immunoglobulin-form- 
ing cells in the middle ear mucosa were investi- 
gated. There were abundant immunoglobulin-form- 
ing cells in the middle ear mucosa of the infected 
animals. The IgG-forming cells were greatest in 
number (15-20 cells/field), followed by IgM-form- 
ing cells (8-10 cells/field), and IgA-forming cells 
(4-6 cells/field) (Fig. 3). These indicate a five- to 
tenfold increase in immunocytes in the infected 
animals as compared with the control ears. In the 
immunofluorescent study, no differences were 
found between the two groups infected with the 
two types of S pneumoniae. This finding is consis- 
tent with the presence of all three classes of im- 
munoglobulins in the MEEs following experimental 
infection regardless of serotype (Table 1). Since we 
have not stained immunocytes with specific anti- 
pneumococcal antibody FITC conjugates we can- 
not correlate the immunochemistry with the RCLA- 
AR data. 


DISCUSSION 


The striking differences in the clinical courses of 
pneumococcal otitis media induced in laboratory 
animals by two different serotypes (types 3 and 23) 





Fig. 3. Localization of immunoglobulin-forming cells. Adjacent sections of middle ear mucosa from acute otitis media due to S 
pneumoniae type 3 treated with A) anti-IgG. B) anti-IgM, and C) anti-IgA, showing that the number of IgG-forming cells was 
greatest and that IgM-forming cells outnumbered IgA-forming cells. (x160 magnification) 
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have been suggested to be related to the d:fferences 
in the immune responses elicited by each pneumo- 
coccal serotype.’’ The present data are essentially 
in agreement with previous observations in that 
type 3 elicited antibody response predominantly in 
the effusion and type 23 elicited antibody response 
primarily in the serum, at least in terms of the in- 
cidence of measurable antibody detected. This find- 
ing is also consistent with the middle ear response in 
human pneumococcal otitis media as reported by 
Sloyer et al.' Therefore, type 3 may be a much bet- 
ter immunogen than type 23, as suggested by these 
authors. 


Serum antibody decline following type 3 infec- 
tion has been observed by radioimmunoassay.’? 
However, this decline was not evident in our data 
obtained by the PHA technique, which may be at- 
tributable to the poor sensitivity of the method. 
Giebink and Quie’ suggested several possibilities to 
explain the underlying mechanism for this peculiar 
response: 1) immune paralysis; 2) neutralization 
either by newly formed type-specific antibodies”? or 
by a cross-reactive antibody such as enterobacterial 
antigens, which are known to occur in S pneumon- 
iae type 3.*° The RCLA-AR, which measures 
serotype-specific antibodies of different immuno- 
globulin classes, revealed a trend of decline in 
serum IgG in the titer and incidence of measurable 
IgG antibody to type 3 following infection. but be- 
cause of the sample size the difference is not statisti- 
cally significant. This decline of IgG is nevertheless 
consistent with an earlier report.’ However, the in- 
cidences of measurable specific antibody (par- 
ticularly IgM and, to a lesser extent, IgA) to type 3 
in the effusions of infected animals were significant- 
ly greater than those in sera, supporting earlier re- 
ports regarding the measurement of total antibody 
activity in the effusions.’ °? 


In contrast with type 3, the RCLA-AR titers 
showed a twofold increase in IgG (p<0.02) and a 
significant increase in the incidence (p< 0.003) of 
measurable IgG antibody to type 23 in sera follow- 
ing infection. This finding is consistent with earlier 
reports that serum antibody to type 23 increased 
following infection as measured by radioimmunoas- 
say.’** The slight increases in IgA and IgM in both 
titers and incidence of measurable antibody in sera 
following infection were not statistically signifi- 
cant. It is important to note that there were no de- 
tectable IgA and IgM antibodies in the effusions, al- 
though effusion IgG to type 23 was detected. This 
finding could be interpreted to mean that the sys- 
temic immune system is stimulated more than the 
local immune system as a result of S pneumoniae 
type 23. This interpretation also is consistent with 
the suggestion that the spontaneous clearance of 
middle ear infection from type 23 is parallel to the 
rise of serum antibodies.” Another piece of sapport- 
ing evidence for this notion is that the 14 valent 
pneumococcal vaccines (which include types 3 and 


23) seemed to reduce the rate of recurrence of otitis 
media.** Giebink et al’* tested the efficacy of pneu- 
mococcal vaccine using the capsular polysaccharide 
from S pneumoniae type 7 and reported a twofold 
rise in serum antibody. Only 7% of the serocon- 
verted animals developed otitis media, but 62% of 
the unvaccinated group developed otitis media fol- 
lowing challenge. On this basis they suggested that 
high serum antibody levels are associated with the 
protection of the ear against pneumococcal infec- 
tion. 


The abovementioned concept may hold true for S 
pneumoniae type 23 but not for type 3. Even with 
slightly depressed IgG antibody to type 3 following 
infection, the chinchilla has a considerable amount 
of antibody in both serum and effusion, and yet in- 
fection lingers in the middle ear.”” Obviously the 
antibody to type 3 that is present in serum does not 
afford complete protection. As mentioned above, S 
pneumoniae type 3 is known to cross-react with var- 
ious other bacterial antigens such as enteric bacter- 
ia, and perhaps this naturally occurring cross- 
reactive antibody may not be protective against S 
pneumoniae type 3. 


A mucosal membrane facing the external envir- 
onment is known to possess its own immune system 
that is largely independent from the systemic im- 
mune system.'' Secretory IgA (SIgA) is considered 
to be the major immunoglobulin in the external se- 
cretion, although IgM and, to a lesser extent, IgG 
also can be produced locally.'' The role of the secre- 
tory immune system in providing protection against 
viral and bacterial infection on a mucosal surface 
has been studied by numerous investigators in re- 
cent years.*°’’ Recent evidence suggests that the 
local immune system comprises not only mucosal 
immunoglobulins but also the cell-mediated im- 
mune system via lymphocytes.** The mechanism by 
which this local immune system affords protection 
has not been fully determined. One possibility is 
that the SIgA provides the protection by prevent- 
ing, delaying, or reducing the intensity of bacterial 
colonization on the mucosal surface; another is ag- 
glutination.” There is ample evidence to suggest 
that SIgA does not function as an opsonin for phago- 
cytes*’*° and does not fix complement unless aggre- 
gated.*'’ The secretory piece may provide protec- 
tion against proteolytic enzyme, as shown in the in- 
testinal tract” and may be involved in facilitating 
IgA and IgM transport across the mucosal mem- 
brane.'' In the latter regard, it is interesting to note 
that IgA and IgM antibodies are absent in the effu- 
sion following S pneumoniae type 23 but that the 
serum IgA and IgM increase after type 3 infection. 
It is not clear whether the IgA and IgM antibodies 
to type 3 found in MEEs following type 3 infection 
are transported across the membrane with the help 
of the secretory piece. 


MEE is considered to be a mixture of serum trans- 
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= lee (Diphenhydramine Hydrochloride Capsules, 
Before prescribing, please see full prescribing information. 
A Brief Summary follows: 

INDICATIONS. Benadry! in the oral form is effective for the fol- 
lowing indications 

Antihistaminic: For perennial and seasonal (hay fever) aller- 
gic rhinitis. vasomotor rhinitis. allergic conjunctivitis due to 
inhalant allergens and foods, mild, uncomplicated allergic skin 
manifestations of urticaria and angicedema. amelioration of 
allergic reactions to blood or plasma: dermatographism, as 
therapy for anaphylactic reactions agjunctive to epinephrine 
and other standard measures after tne acute manifestations 
have been controlled 

Motion sickness: For active and prophylactic treatment of 
motion sickness 

Antiparkinsonism: For parkinsorism (including drug- 
induced extrapyramidal reactions) in the elderly unable to toler- 
ate more potent agents, mild cases of parkinsonism (including 
drug-induced) in other age groups. n other cases of parkin- 
sonism (including drug-induceg) in combination with centrally 
acting anticholinergic agents 
CONTRAINDICATIONS. Use in Newborn or Premature 
Infants: This drug should not be used in newborn or premature 
infants 

Use in Nursing Mothers: Because of the higher nsk of anti- 
histamines for infants generally. and for newborns and prema- 
tures in particular, antihistamine therapy is contraindicated in 
nursing mothers 

Use in Lower Respiratory Disease: Antihistamines sould 
NOT be used to treat lower respiratory tract symptoms, includ- 
ng asthma 

Anuhistamines are also contraindicated in the following con- 
ditions hypersensitivity to diphenhydramine h ydrochloride and 
other antinistamines of similar chemical structure 

Monoamine oxidase inhibitor therapy (See Drug Interactions 
section) 

WARNINGS. Antihistamines should be used with considerable 
Caution in patients with narrow-angle glaucoma, stenosing pep- 
tic ulcer, pyloroduodena! obstruction. symptomatic prostatic 
hypertrophy, or bladder-neck obstruction 

Use in Children: In infants and children, especially. antinista- 
mines inoverdosage may cause hallucinations, convulsions, OF 
gdeatn 

As in adults. antihistamines may ciminish mental alertness in 
children Inthe young child. particularly, they may produce 
excitation 

Use in Pregnancy: Experience with this drug in pregnant 
women is inadequate to determine whether there exists a 
potential for harm to the developing fetus 

Use with CNS Depressants: Diphenhydramıne hydrochlo- 
ride has additive effects with alcohol and other CNS depres- 
sants (hypnotics, sedatives. tranquilizers etc) 

Use in Activities Requiring Mental Alertness: Patents 
should be warned about engaging iN activities requiring mental 
alertness, such as driving a Car or operating appliances, 
macninery. etc 

Use in the Elderly (approximately 60 years or older): Anti- 
histamines are more likely to cause dizziness, sedation, and 
hypotension in elderly patients 
PRECAUTIONS. Diphenhydramine hydrochicride has an 
atropine-like action and, therefore. should be used with Caution 
in patients with a history of bronchial asthma, increased intraoc- 
ular pressure, hyperthyroidism, cardiovascular disease, or 
hypertension 
DRUG INTERACTIONS. MAO inhibitors prolong and intensify 
the anticholinergic (drying) effects of antinistamines 
ADVERSE REACTIONS. The most frequent adverse reactions 
are underscored 

1 General Urticaria. drug rash, anaphylactic shock. photo- 
sensitivity, excessive perspiration chills, dryness of mouth, 
nose. and throat 

2 Cardiovascular System Hypotension, headache, palpita- 
tions. tachycardia, extrasystoles 

3. Hematologic System. Hemolytic anemia thrombocytope- 
nia agranulocytosis 

4 Nervous System Sedation, sleepiness, dizziness, dis- 
turbed coordination. fatigue. confusion, restlessness. excita- 
non nervousness. tremor, irritability insomnia, euphoria 
paresthesia. blurred vision. diplopia. vertigo, tinnitus, acute lab- 
ynnthius. hysteria neuritis convulsions 

5 GI System Epigastnc distress. anorexia, nausea, vomiting, 
diarrhea, constipation 

6 GU System Uninary frequency. difficult urination. urinary 
retention. early menses 

7 Respiratory System Thickening of bronchial secretions, 
tightness of chest and wheezing, nasal stuffiness 
OVERDOSAGE. Antihistamine overdosage reactions May vary 
trom central nervous system depression to stimulation Stimula- 
ton is particularly likely in children Atropine-like signs and 
symptoms, dry mouth. fixed, dilated pupils. flushing, and gas- 
trointestinal symptoms may also OCCur 

if vomiting has not occurred spontaneously the patient 
should be induced to vomit This is best done by having him 
drink a glass of water or milk after which he should be made to 
gag Precautions against aspiration must be taken. especially 
ininfants and children 

if vomiting ıs unsuccessful gastric lavage IS indicated within 
3 hours after ingestion and even later if large amounts of milk or 
cream were given beforehand Isotonic or 1/2 isotonic saline is 
the lavage solution of choice 

Saline cathartics, as milk of magnesia, by osmosis draw 
water into the bowel and. therefore. are valuable for their action 
in rapid dilution o` bowel content 

Stimulants should not be used 

Vasopressors may be used to treat hypotension 
HOW SUPPLIED. Supplied in (as) 50- and 25-mg capsules, 
and Elixir, 12 5mg/5 mi with 14% alcohol 
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effective antihistaminic drying r s 4 ee dries tearing eyes and 
action for symptoms of allergic dripping noses; allergic 
rhinitis; a single oral dose provides patients will feel better by day 


maximum activity in about one hour 2 and rest more comfortably at night 


BENADRYL | 


(Diphenhydramine - 
HCI, USP) Saracens 


PARKE-DAVIS 
For brief summary of prescribing information, see next page. 
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Prescribe 


This season, when patients complain of Recommended Dosage: Adults—4 drops 
pain and inflammation of “swimmer’s ear” i in each affected ear, 3-4 times daily. 
(or other summertime external ear i = 
disorders due to susceptible bacterial Infants & Children: 3 drops in each 
organisms) prescribe the comprehensive affected ear, 3-4 times daily. 
symptomatic relief of Coly-Mycin $ Otic. Available in 2 convenient sizes— 

| each in a convenient, dropperless, 
Each drop delivers: S breakproof, plastic bottle. 


Hydrocortisone Acetate—for fast ” i o 
a 5 mi* for unilateral otic involvement 


reduction of inflammation and PEN : w 
symptomatic pain relief _ ———— 10 ml for bilateral otic involvement 


sehi : Am 144 30 ; Coly-Mycin. S Otic *5-mi size supplies sufficient medication for an 
Colistin Sulfate/Neomycin Sulfate in» S Otic | i in and average course of therapy in one affected ear. 
in and } 


i yc 

. . z bi i x ortisone 

—for broad antibacterial cover age ' Sn Fedea iaw pri Before so sony ys please see full prescribing 
with emphasis on gram-negative SIE a T O aaa: information. A brief summary appears on the 


Ps aeruginosa opposite page. 


Thonzonium Bromide—for ee 7 OLS DT E02) 
enhanced efficiency by allowing | ae 
penetration and dispersion of active | PARKE-DAVIS WARNIER y 


ingredients through debris and exudate- Warner-Lambert Company ~.. 7 
ay à ~- Morris Plains, NJ 07950 7 





Coly-Mycin» S Otic 
with Neomycin and Hydrocortisone 


(colistin sulfate—neomycin sulfate—thonzonium 
Dromide—hydrocortisone acetate otic suspension) 


INDICATIONS AND USAGE 


For the treatment of superficial bacterial infections of the 
external auditory canal, caused by organisms suscep- 
tible to the action of the antibiotics; and for the treatment 
of infections of mastoidectomy and fenestration cavities, 
caused by organisms susceptible to the antibiotics. 


CONTRAINDICATIONS 


This product is contraindicated in those individuals who 
have:shown hypersensitivity to any of its components, and 
in herpes simplex, vaccinia and varicella. 


WARNINGS 


As with other antibiotic preparations, prolonged treatment 
may result in overgrowth of nonsusceptible organisms 
and fungi. 


If the infection is not improved after one week, cultures 
and susceptibility tests should be repeated to verify the 
identity of the organism and to determine whether therapy 
should be changed. 


Patients who prefer to warm the medication before using 
should be cautioned against heating the solution above 
body temperature, in order to avoid loss of potency. 


General 


If sensitization or irritation occurs, medication should be 
discontinued promptly. 


This drug should be used with care in cases of perforated 
ear drum and in longstanding cases of chronic otitis 
media because of the possibility of ototoxicity caused by 
neomycin. 


ee should not be continued for longer than ten 
ays. 


Allergic cross-reactions may occur which could prevent 
the use of any or all of the following antibiotics for the 
treatment of future infections: kanamycin, paromomycin, 
streptomycin, and possibly gentamicin. 


ADVERSE REACTIONS 


Neomycin is a not uncommon cutaneous sensitizer. There 
are articles in the current literature that indicate an 
increase in the prevalence of persons sensitive to 
neomycin. 


DOSAGE AND ADMINISTRATION 


The external auditory canal should be thoroughly 
cleansed and dried with a sterile cotton applicator. 


For adults, 4 drops of the suspension should be instilled 
into the affected ear 3 or 4 times daily. For infants and 
children, 3 drops are -e aii because of the smaller 
capacity of the ear canal. 


The patient should lie with the affected ear upward and 
then the drops should be instilled. This position should be 
maintained for 5 minutes to facilitate penetration of the 
drops into the ear canal. Repeat, if necessary, for the 
opposite ear. 


If preferred, a cotton wick may be inserted into the canal 
and then the cotton may be saturated with the solution. 
This wick should be kept moist by adding further solution 
every 4 hours. The wick should be replaced at least once 
every 24 hours. 


HOW SUPPLIED 


Coly-Mycin S$ Otic is supplied as: 
N 0071-3141-08—5 mi bottle 
N 0074-3441-40—10 mi bottle 


Each mi contains: Colistin sulfate equivalent to 3 mg of 
colistin base, Neomycin sulfate equivalent to 3.3 mg neo- 
mycin base, Hydrocortisone acetate 10 m (1%); Thon- 
zonium bromide 0.5 mg (0.05%), and Polysorbate 80 in an 
aqueous vehicle buffered with acetic acid and sodium 
acetate. Thimerosal (mercury derivative) 0 002% added as 
a preservative. 


Shake well before using. 


Store at controlled room temperature 59°-86 °F (15°-30°C). 
Stable for 18 months at room temperature. prolonged 
exposure to higher temperatures should be avoided. 
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25 mg Tablets 


Dosage for vertigo* The recommended dose is 25 mg to 100 mg daily in divided dosage. 


Also avai able 





Antivert* (meclizine HCl) 12.5 mg Tablets è Antivert®/25 (meclizine HCl) 25 mg Chewable Tablets 




















BRIEF SUMMARY OF PRESCRIBING or to women who may become pregnant is ing dangerous machinery. Usage in Children: 
INFORMATION: contraindicated in view of the teratogenic Clinical studies establishing safety and 
4 APIAN i TE? effect cf the drug in rats. The administration effectiveness in children have not been done: 
NI ` T k ase ¿ TAFA S f Á : : : ; x 
INDIC AT IONS: Based on a oh of this drug of meclizine to pregnant rats during the 12th- therefore, usage is not recommended in the 
by the National Academy of Sciences— eS BHO, Pras, ay ; iti : ro tn D 4 
a. ; =i piat a 15th dey of gestation has produced cleft pediatric age group. Usage in H regnancy: 
National Research Council and/or other infor- : ; ; 






palate n the offspring. Limited studies using See “Contraindications.” ADVERSE REAC- 


mation, F has classified the indications as à j i ‘ty Eis 
mn 1, FDA ha itl £ ae doses cf over 100 mg/kg/day in rabbits and 10 TIONS. Drowsiness. dry mouth and, on rare 


follows. Effective: Management of nausea and 









i her eee i er : mg/kg ‘day in pigs and monkeys did not show occasions, blurred vision have been reported. 
vomiting, and dizziness associated with Na ee ee ee a Aone Feil sae Ai l 
i 5 N ie aaa cleft pelate. Congeners of meclizine have More detailed professional infor mation avail- 
motion sickness. Possibly Effective: Manage- E ‘ ee Ee Sap f : k 
- Ae l ; oe wd TE caused cleft palate in species other than the able on request. 
ment of vertigo associated with diseases 






rat. Meclizine HCl is contraindicated in indi- 

viduals who have shown a previous hypersen- 

Sitivity to it. WARNINGS. Since drowsiness ROeERIG Pfizer, 
may, on occasion, occur with use of this drug, 

CONTRAINDICATIONS. Administration of patients should be warned of this possibility A division of Pfizer Pharmaceuticals 
Antivert® (meclizine HCl) during pregnancy and cautioned against driving a car or operat- New York, New York 10017 


© 1982 Pfizer Inc. 


affecting the vestibular system. Final classifi- 
cation of the less than effective indications 
requires further investigation. 
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For your family of congested patients 





Our family of recommendable 


Available without Rx 


Sudafed’ S.A. 


(pseudoephedrine HC])120 mg 
Sustained action nasal 
decongestant 


Potent 12-hour relief without 
drowsiness! 


Available in 120 mg capsules in 
packages of 10s and 40s. 


Not recommended for children 
under 12 years of age. 


cold products 






Sudated S.A. / 


[Pseudoephedring hydrochieride 120 mg) 


STAINED ACTION NASAL DECONGESTANT 


12 HOUR RELEF Or 
SLDPENNGS sis PAES ONGEST 








40 CAPSULES i 


` Ih 
4 i 
iJ 


+ (pseudoephedrine hydrochloride 120 mg) 





SUSTAINED ACTION NASAL DECONRESTANT 
UPTO TEMPORARY 
12 HOUR impa" 
NASAL Ci 
SINU 


NGESTION HELPS DECONGESI 
PENINGS SINUS PASSAKE« 





peticome 10 CAPSULES 


Sudated" S.A. — SUSTAINED ACTION NASAL DECONGESTANT | 
Ee 





ee 


Sudafed’ 


(pseudoephedrine HC] ) 30 mg 


Unclogs the stuffy nose without 
Closing the patient's eyes! 


Available in 30 mg tablets and a 
tasty raspberry-flavored syrup 
containing 30 mg per 5 cc. 


Young or old — the decon- 
gestant you can recommend 
with confidence has the name 
SUDAFED on it. 


For reliable and potent decongestion 


without drowsiness 


Copr. © 1982 Burroughs Wellcome Co. All rights reserved. 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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HOUSE EAR INSTITUTE 


TEMPORAL BONE SURGICAL DISSECTION — 1983 
= 


New Intensive One Week and Two Week Courses 


Hand Pieces, burrs and basic equipment will be provided. 
i ee FE eee: 


These courses are designed for the practicing otolaryngologist and senior resident in training, with 
special emphasis on the common problems encountered in daily practice. 

To meet requests, primarily for the specialist in practice, the institute is offering full one week 
courses in addition to its historic two week course. 

During the day participants will dissect temporal bones and observe selected telecasts of live 
surgery and edited tapes. Evening lectures and films will demonstrate the techniques of temporal bone 
surgery as practiced by the members of the Otologic Medical Group, Inc. 


One Week Course (CME 62 hrs.) Iwo Week Course (CME 100 hrs. ) 
January 15-22, 1983 Nov. 27-Dec. 10, 1982 

March 5-12, 1983 June 5-17, 1983 

November 12-19, 1983 September 11-23, 1983 


Physicians $850.00 Physicians $1500.00 
Residents 650.00 Residents 1200.00 


Antonio De la Cruz, M.D., Director—TBSDC 
House Ear Institute * 256 South Lake Street, Los Angeles, California 90057 * (213) 483-4431 





CBG Sees e OESE Eee 
Montgomery* Tracheal Prostheses 


Boston Medical Products, Inc. 
eee eases o Re ee eres 


Boston Medical Products offers tracheal and esophageal prostheses and related instruments 
in a range cf sizes: 
! Montgomery Tracheal T-Tubes for tracheal reconstruction. 
Montgomery T-Tube Montgomery Tracheal Cannula, short-term and long-term models. 
Montgomery one-way tracheal valves. 





Montgomery Tracheal Trephine Fenestrator. 
Montgomery esophageal tubes. 
Montgomery salivary bypass tubes. 


Address orders or inquiries to: 
i = Boston Medical Products Inc. 
120 Lewis Wharf 


Montgomery Tracheal Cannula Boston, Massachusetts 02110 
617/523-3017 





“Montgomery WW. Silicone Tracheal T-Tube, in: Surgery of the Upper Respiratory System, Vol. 2, 382-391, 
Lea & Febiger Philadelphia, 1973. 
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When you talked, 
we listened. 


1723 Grason-Stadler Middle Ear Analyzer 


Then we did something about it. 


We designed a single automated middle ear 
test system that eliminates complex multi- 
instrument calibrations. That means fewer 
operating errors and invalid tests. 


The Grason-Stadler GSI 1723 Middle Ear 
Analyzer. A complete automated test system 
that performs a full battery of diagnostic tests 
with reliable accuracy. 


e Tympanometry 

e Ipsilateral and contralateral 
acoustic reflex testing 

e Eustachian tube function testing 


In total testing capability, the 1723 has no 
equal. It combines unsurpassed functional 
capabilities with fast and simple operation. 


The 1723. State of the art in middle ear diag- 
nostics. And it’s backed by Grason-Stadler’s 
reputation for quality, reliability and service. 
From the most advanced diagnostic systems 
to the simplest screening instruments. Grason- 
Stadler. We listen . . . and we do something 
about it. 


For further information: 


P.O. Box 5 

537 Great Road 
Littleton, Ma 01460 
(617) 486-3514 


Grason-Stadler 





Transderm-Scop is a small flexible 
system of membranes worn behind 
the ear. It contains scopolamine — 
one of the most effective prophylactic 
agents for exposure to severe mo- 
tion. Scopolamine is thought to block 
vagal impulses in the vestibular ap- 
paratus — the origin of motion 
Sickness. 


Although oral doses of scopolamine 
often cause well-known troublesome 
side effects the small amount in 
Transderm-Scop usually does not. 
Minor side effects such as a dry 
mouth occur in about two out of three 
people. A less frequent side effect is 
drowsiness, occurring in about one 
out of six people. 





Transderm-Scop is programmed to 
deliver just 0.5 mg scopolamine over 
a 72-hour period... the same 
amount of drug usually givenina 
single minimal oral dose. 


Please turn page for Prescribing 
Information. 
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scopolamine 


Transderm*-Scop 


(formerly Transderm -V) 
scopolamine 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg scopolamine 
over 3 days 


Description The Transderm-Scop scopolamine system Is a 
circular flat umt designed for continuous release of scopola- 
mine following application to an area of intact skin on the 
head. behind the ear. Clinical evaluation has demonstrated 
that the system provides effective antiemetic and antinause- 
ant actions waen tested against motion-sickness stimuli in 
adults 

The Transdern-Scoap system is a 0 2-mm thick film with four 
layers. Proceeding from the visible surface towards the sur- 
face attachec to the skin, these layers are: 1) a backing layer 
of tan-colorec. aluminized polyester film, 2) a drug reservoir 
of scopolamine. mineral oil. and polyisobutylene; 3) a micro- 
porous polyp opylene membrane that controls the rate of 
delivery of scopolamine from the system to the skin surface 
and 4) an adhesive formulation of mineral oil, polyisobuty- 
lene, and sccpolamine. Prior to use, a protective peel strip of 
Siliconized polyester which covers layer 4 is removed 

The mineral oil (12.4 mg) and polyisobutylene (11.4 mg) inac- 
tive components are not released from the system 
Release-Rat2 Concept: The Transderm-Scop system. 2.5 
cm“ in area. contains 1.5 mg scopolamine. The system Is pro- 
grammed to deliver 0.5 mg scopolamine, at an approximately 
constant rate to the systemic circulation. over the 3-day life- 
time of the system. An initial priming dose of scopolamine 
released from the adhesive layer of the system, saturates the 
Skin binding sites for scopolamine and rapidly brings the 
plasma concentration to the required steady-state level. The 
continuous controlled release of scopolamine that flows from 
the drug reservoir through the rate-controlling membrane 
then maintaims the plasma level constant 

Clinical Pharmacology The formulation of the Transderm- 
Scop system contains as its sole active agent the drug sco- 
polamine, a belladonna alkaloid with well-known pharmaco- 
logical properties. The drug has a long history of oral and 
parenteral use for central anticholinergic activity, including 
prophylaxis ef motion sickness. This formulation provides for 
a gradual release of scopolamine from an adhesive matrix of 
mineral oil amd polyisobutylene applied to the postauricular 
skin 

Clinical Results. The Transderm-Scop system provides 
antiemetic protection within several hours following applica- 
tion of the system behind the ear. In 195 adult subjects of dif- 
ferent racial origins who participated in clinical efficacy 
Studies at sea or in a controlled motion environment. there 
was a 75% reduction in the incidence of motion-induced nau- 
sea and vomiting. The Transderm-Scop system provided 
Significantly greater protection than that obtained with oral 
dimenhydrinate 

Indications.and Usage The Transderm-Scop system is indi- 
cated for prevention of nausea and vomiting associated with 
motion sickness in adults. The system should be applied only 
to skin in thespostauricular area 

Contraindications The Transderm-Scop system should not 
be used in patients with known hypersensitivity to scopola- 
mine or any 3f the components of the adhesive matrix making 
up the therapeutic system. 

Warnings The Transderm-Scop system should not be used 
in children asd should be used with special caution in the 
elderly 

Since drowssness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility amd cautioned against engaging in activities that 
require menial alertness, such as driving a motor vehicle or 
operating dangerous machinery 

Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine 

Precautions Scopolamine should be used with caution in 
patients with glaucoma, pyloric obstruction, or urinary bladder 
neck obstrustion. Caution should be exercised when adminis- 
tering an antiemetic or antimuscarinic drug to patients sus- 
pected of having intestinal obstruction 

The Transderm-Scop system should be used with special 
Caution in the elderly or in individuals with impaired metabolic, 
liver, or kidney functions, because of the increased likelihood 
of central nervous system effects 

Information for Patients: Since scopolamine can cause 
temporary Gilation of the pupils and blurred vision if it comes 
in contact with the eyes, the patient should be strongly ad- 
vised to wash the hands thoroughly with soap and water im- 
mediately after handling the unit 

Patients sheuidibe warned against driving a motor vehicle or 
operating dangerous machinery 

Pregnancy Fertility studies were performed in female rats 
and revealed no evidence of impaired fertility or harm to the 
fetus due to scopolamine hydrobromide administered by daily 
subcutaneous injection. In the highest-dose group (plasma 
level approximately 500 times the level achieved in humans 
using a transdermal system), reduced maternal body weights 
were observed. Teratogenic studies were performed in preg- 
nant rats aad rabbits with scopolamine hydrobromide by daily 
intravenous injection. No adverse effects were recorded in 


rats. In rabbits, the highest dose (plasma level approximately 
100 times the level achieved in humans using a transdermal 
system) of drug administered had a marginal embryotoxic ef- 
fect. Transderm-Scop should be used during pregnancy only 
if the anticipated benefit justifies the potential risk to the fetus 
Nursing Mothers: It is not known whether scopolamine is ex- 
creted in human milk. As a general rule. nursing should not be 
undertaken while a patient is on a drug, since many drugs are 
excreted in human milk 

Usage in Children: Children are particularly susceptible to 
the side effects of belladonna alkaloids. The Transderm-Scop 
system should not be used in children because it is not known 
whether this system will release an amount of scopolamine 
that could produce serious adverse effects in children 
Adverse Reactions The most frequent adverse reaction to 
the Transderm-Scop system is dryness of the mouth. This 
occurs in about two thirds of the people. A less frequent ad- 
verse reaction is drowsiness, which occurs in less than one 
sixth of the people. Transient impairment of eye accommoda- 
tion, including blurred vision and dilation of the pupils, is also 
observed. The following adverse reactions have also been re- 
Ported on infrequent occasions during use of the Transderm- 
Scop system: disorientation; memory disturbances; dizzi- 
ness: restlessness; giddiness; hallucinations: confusion: diffi- 
culty urinating, rashes and erythema: and dry. itchy. or red 
eyes 

Overdosage Overdosage with scopolamine may cause dis- 
orientation, memory disturbances, restlessness. giddiness 
hallucinations, or confusion. Should these symptoms occur. 
the Transderm-Scop system should be immediately removed 
Appropriate parasympathomimetic therapy should be initiated 
if these symptoms are severe 

Dosage and Administration Adults: Initiation of Therapy 
One Transderm-Scop system (unit), programmed to deliver 
0.5 mg scopolamine over three days. should be applied to the 
hairless area behind one ear at least 4 hours before the antie- 
metic effect is required 

Handling: After applying the system on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the system, it should be dis- 
carded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces 
of scopolamine from coming into direct contact with the eyes 
A patient brochure is available 

Continuation of Therapy: Should a system become dis- 
placed, it should be discarded, and a fresh system placed on 
the hairless area behind the other ear. If therapy is required 
for longer than 72 hours, the first system should be discarded 
and a fresh system placed on the hairless area behind the 
other ear 

Children: Children are particularly susceptible to the side 
effects of belladonna alkaloids. The Transderm-Scop system 
should not be used in children because ıt is not known 
whether this system will release an amount of scopolamine 
that could produce serious adverse effects in children 

How Supplied Transderm-Scop systems are available in 
2-unit blister packs — NDC 17314-4345-1, 

Storage and Handling The system should be stored at 
room temperature 

Caution Federal law prohibits dispensing without 
prescription 


CIBA Pharmaceutical Co 
Div. of CIBA-GEIGY Corp 
Summit, NJ 07901 


71-4342-1-2 (5/82) 
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In otitis media’ with effusion... 


125-mg/5-mi and 250-mg/5-mi oral suspensions 


Ceclor 


Cefaclor 


offers an 
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Documented clinical effectiveness against 
Haemophilus influenzae, including both amoxicillin/ 
ampicillin-sensitive and amoxicillin/ampicillin- 
resistant strains. 


Also clinically effective against Streptococcus 
pneumoniae (pneumococcus), staphylococci, and 
S. pyogenes (group A beta-hemolytic streptococci). 


H. influenzae 


Scanning electron microscopy 
(x 8550). 


Ceclot is contraindicated in patients with known allergy to cephalosporins and should 
be given cautiously to penicillin-allergic patients 
*Due to susceptible strains of S. pneumoniae (Diplococcus pneumoniae). H influenzae, and 
S. pyogenes (group A beta-hemolytic streptococci) 





Brief Summary. 
Consult the package literature tor prescribing information. 


Indications and Usage: Ceclor* (cefaclor, Lilly) is indicated in the 
treatment of the following infections when caused by susceptible 
strains of the designated microorganisms 

Otitis media caused by Streptococcus pneumoniae (Diplococcus 

pneumoniae), Haemophilus influenzae, staphylococci, and S 

pyogenes (group A beta-hemolytic streptococc 

Appropriate culture and susceptibility studies should be per- 
formed to determine susceptibility of the causative organism to 
Ceclor 
Contraindication: Ceclor is contraindicated in patients with known 
allergy to the cephalosporin group of antibiotics 
Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN 
ANTIBIOTICS SHOULD BE ADMINISTERED CAUTIOUSLY 
THERE IS CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALOSPORINS 
AND THERE ARE INSTANCES IN WHICH PATIENTS HAVE HAD REAC- 
TIONS, INCLUDING ANAPHYLAXIS, TO BOTH ORUG CLASSES 

Antibictics, including Cecior, should be administered cau- 
tiously to any patient who has demonstrated some form of allergy 
particularly to drugs 
Precautions: If an allergic reaction to cefaclor occurs, the drug 
should be discontinued. and. if necessary. the patient should be 
treated w th appropriate agents, e.g.. pressor amines, antihista- 
mines, or corticosteroids 

Prolonged use of cefaclor may result in the overgrowth of non- 
susceptible organisms. Careful observation of the patient is_ 
essential. If superinfection occurs during therapy, appropriate 
measures should be taken 

Positive direct Coombs tests have been reported during treat- 
ment with the cephalosporin antibiotics. In hematologic studies 
yr in transfusion cross-matcning procedures when antiglobulin 
tests are performed on the minor side or in Coombs testing of 
newborns whose mothers have received cephalosporin antibiotics 
before parturition, it should be recognized that a positive Coombs 
test may be due to the drug 

Ceclor should be administered with caution in the presence oi 
markedly impaired renal function Under such conditions, careful 
clinical observation and laboratory studies should be made 
because safe dosage may be lower than that usually 
recommended 

As a result of administration of Ceclor, a false-positive reaction 
for glucose in the urine may occur. This has been observed with 
Benedict's and Fehling’s solutions and also with Clinitest® tablets 
but not with Tes-Tape® (Glucose Enzymatic Test Strip, USP. Lilly) 
Usage in Pregnancy —Although no teratogenic or antifertility 
effects were seen in reproduction studies in mice and rats receiv- 
ng up to 12 times the maximum human dose or in ferrets given 
three times the maximum human dose, the safety of this drug for 
use in human pregnancy has not been established. The benefits o 
the drug in pregnant women should be weighed against a possible 
risk to the fetus 

Usage in Infancy — Safety ot this product for use in infants less 
than one month of age has not been established 
Adverse Reactions: Adverse effects considered related to cefaclor 
therapy are uncommon and are listed below 

Gastrointestinal symptoms occur in about 2.5 percent of 
patients and include diarrhea (1 in 70) and nausea and vomiting 
(1 In 90) 

As with other broad-spectrum antibiotics, colitis, including 
rare instances of pseudomembranous colitis, has been reported 
in conjunczion with therapy with Ceclor 

Hypersensitivity reactions have been reported in about 1.5 per- 
cent of patients and include morbilliform eruptions (11n 100). Pru- 
ritus. urticaria, and positive Coombs tests each occur in less than 
1in 200 patients. Cases of serum-sickness-like reactions (ery- 
thema multiforme or the above skin manifestations accompanied 


by arthritis/arthralgia and, frequently, fever) have been reported 
These reactions are apparently due to hypersensitivity and have 
usually occurred during or following a second course of therapy 
with Ceclor. Such reactions have been reported more frequently in 
children than in adults. Signs and symptoms usually occur a few 
days after initiation of therapy and subside within a few days after 
cessation of therapy. No serious sequelae have been reported 
Antihistamines and corticosteroids appear to enhance resolution 
of the syndrome 

Cases of anaphylaxis have been reported, half of which have 
occurred ir patients with a history of penicillin allergy 

Other effects considered related to therapy included eosino- 
philia (1in 50 patients) and genital pruritus or vaginitis (less than 
1in 100 pat ents) 

Causal Relationship Uncertain — Transitory abnormalities in clin- 
ical laboratory test results have been reported. Although they 
were of uncertain etiology, they are listed below to serve as alert- 
ing information for the physician 

Hepatic — Slight elevations of SGOT, SGPT, or alkaline phospha- 
tase values (11n 40) 

Hematopoietic — Transient fluctuations in leukocyte count, pre- 
dominantly lymphocytosis occurring in infants and young chil- 
dren (11n 40) 

Rena/—Slight elevations in BUN or serum creatinine (less than 


$ 


1in 500) or abnormal urinalysis (less than 1 in 200) [1002810] 
e 982, ELI LILLY AND JMPANY 
Additional information available to 


fhe prolession on request from 


Eli Lilly and Company 
ly Indianapolis, Indiana 46285 


Eli Lilly Industries, Inc. 
Carolina, Puerto Rico 00630 


Over the past 23 years, 


more than 4 billion Actifed tablets 
have been sold on Earth. 





And, over the past 14 years, 


another 57Actifed tablets have been use 
by our astronauts in space: 


ACTIFED 


Tablets/Syrup 


Each scored tablet contains ACTIDIL” (triprolidine 
HCl) 2.5 mg, SUDAFED® (pseudoephedrine HCI) 
Omg Each 5 mi teaspoonful of syrupcontains 
\CTIDIL® 1.25 mg and SUDAFED® 30 me 





Reterences: 1. Data on tile, Burroughs Wellcome 
Co. 2. Johnston RS, Dietlein LF, Berry © A (eds) 
Biomedical Results of APOLLO. Washneton Di 
NASA, 1975, p63 










On Earth or 
in outer space, 
you can | 
count on it! 


Burroughs Wellcome Co. 
n” ‘Research Triangle Park 
Ss Wellcome | North Carolina 27709 
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Ninth Annual University of Pittsburgh Symposium 


EAR, NOSE, AND THROAT DISEASES IN 
CHILDREN — A 1962 UPDATE 


December 9-12, 1982 


The Breakers 
Palm Beach, Florida 


OTOLARYNGOLOGISTS AND PEDIATRICIANS 
Update your knowledge of ear, nose, and throat diseases in children through scientific sessions, 
small-group workshops and demonstrations, and informal discussions. 
UNIVERSITY OF PITTSBURGH FACULTY 


C. D. Bluestone J. Medina S. E. Stool 
H. Felder E. N. Myers E. Wald 
J- L. Paradise 


Accredited for 19 hours of ACCME Category 1 credit 


For further information contact: Division of Continuing Education, 1022C Scaife Hall, University 
of Pittsburgh School of Medicine, Pittsburgh, PA 15261; teleshone (412) 624-2653. A133 


WINTER MEETING — 1983 


February 6-12, 1983 
MONT TREMBLANT LODGE 
Quebec, Canada 
UNIVERSITY OF TORONTO 
and 
CLEVELAND CLINIC FOUNDATION 


The faculty will cover a wide range of topics during early morning and late afternoon sessions. Infor- 
mality with registrant participation encouraged. 


Mont Tremblant Lodge is an unique “village” resort at the base of Mont Tremblant 80 miles north of 
Montreal. Excellent downhill and cross-country ski facilities. Ideal for a family holiday. 


ENROLLMENT LIMITED 


Registration Fee: Physicians — $300 (Canadian), $250 (US) 
Residents — $200 (Canadian’, $165 (US) 


AMA Category I —16 hours 


For further information contact: William S. Crysdale, MD, 555 University Avenue, Suite 6118, Toron- 
to, Canada M5G 1X8, (416) 597-0218. 





CANAL WALL IMPLANTS NOW AVAILABLE 


Xomed introduces 


CFRAVITAL 


THE BIOACTIVE CERAMIC 










Partial ossicular replacement 
prosthesis and total 
canal wall reconstruction. 





geen lay ahaa ae 


' Six weeks postoperative: 
Bony layer with row of osteoblasts canal wall reconstruction (rabbit), magnified 120X. 
Bony layer with osteoblasts covering implant surface. 


Implant 


Unique new ossicular replacement prostheses 
actually bond to bone. 

Unlike other implantable materials, CERAVITAL’ is nonporous and 
does not depend on tissue ingrowth for stability. Rather, it forms a 
physiochemical bond with bone which stabilizes the implant and 
can virtually eliminate implant extrusion. 


The same bioactive bonding can be initiated with soft tissues, 
e.g., tympanic membrane, by applying a bone paté tothe surface 
of the implant. 


Exclusive glass ceramic composition allows easy shaping for a 
precise anatomical fit. 


For performance, ease of shaping and biocompatibility, 
CERAVITAL offers the significant advantages you have been 
looking for in ossicular replacement materials. Call today for more 


information. 

Xomed, Inc Xomed Canada 

8641 Baypine Rd., Jacksonville, Fl. 32216 106 East Dr., Brampton, Ontario L6T-1C1 
Call toll free 1-800-874-5797 (416) 791-3665 

In Alaska, Hawaii or Florida call collect ‘ys Pat ents 3922155 3981736 

(904) 731-7109 SERAVITAL* 1s a registered trademark 

TWX 810-827-6439 Ernst Leitz Wet: lar West ( Sermany 


Xomed% 


The  NNCTOSUISETY Company 
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BEN H. SENTURIA, MD 
Editor 1966-1982 


TRIBUTE 


It was with great personal sadness that, two days after the fact, I learned of Ben 
Senturia’s passing. From the northern waters of Lake Huron, communication with the 
progressing situation had been poor. This was frustrating; the final news was crushing. 
We feel acutely the great void cf having lost a friend — and a model, a mentor, an 
astute advisor as well — a truly selfless person who always gave more than he expected 
in return. As his close associate for almost 15 years, I learned he was all of these, and at 
the same time he was warm, humorous and always forgiving. His family, friends and 
associates must now do what he surely would wish üs to do: take up our tasks in his 
stead and carry them out with him as our example. This we will do, for we can never 
forget him. 


Brian F. McCabe, MD 
Editor 


OBITUARY 
BEN H. SENTURIA, MD 


Ben Harlan Senturia was born in St. Louis, was graduated from Washington University in 
1931 with an AB degree, and received an MD from Washington University School of Medicine in 
1935 with membership in the Alpha Omega Alpha honorary medical society. Upon completion of 
his residency in otolaryngology at McMillan Hospital (1935-1938), he was appointed to the Faculty 
of Washington University School of Medicine and to the staffs of Jewish, Barnes and Children’s 
Hospitals in St. Louis. 


During his service in the U.S. Air Force (1942-1945) Dr. Senturia was assigned to the 
Research Section of the School of Aviation Medicine where he conducted major investigations in 
infections of the external ear and in noise-induced hearing loss. Following his military service he 
returned to Washington University. At the McMillan Hospital Department of Otolaryngology, Dr. 
Senturia taught medical students and graduate students and conducted major research programs. 
His research in external otitis resulted in two textbooks and over 80 scientific papers, many of 
which were presented at national and international scientific meetings. In addition to his extensive 
basic and clinical investigations on external otitis, he conducted a number of significant studies on 
secretory otitis media and in a number of other otologic areas. In 1979 he was named Professor 
Emeritus of Clinical Otolaryngology at Washington University. 


In addition to his teaching and research activities at Washington University and its affiliated 
hospitals, Dr. Senturia carried on an extensive practice. He also worked at the Central Institute for 
the Deaf with its founder, the late Dr. Max Goldstein, and later with Dr. Richard Silverman, now 
Emeritus Director of the Institute. Assuming the Directorship of the Department of 
Otolaryngology at The Jewish Hospiżal of St. Louis in 1952, Dr. Senturia retained this post until 
1972 when he was named Director Emeritus. During those years Dr. Senturia served on the 
Medical Executive Committee, the Joint Conference Committee, the House Staff and Education 
Committee, and the Research Committees. 


In 1958 Dr. Senturia was selected by Dr. Arthur Proetz to be the Associate Editor of the An- 
nals of Otology, Rhinology & Laryngology, a position he held until Dr. Proetz’s death in 1966, 
when Dr. Senturia became Editor of the Annals. 


From 1963 to 1973 Dr. Senturia served as Chairman of the Committee on Otolaryngic 
Pathology of the American Academy of Otolaryngology. He was the Academy’s First Vice Presi- 
dent from 1971 to 1972, a former member of its Council, and inspired a teaching collaboration be- 
tween the American Academy of Otolaryngology and the Armed Forces Institute of Pathology. 


Dr. Senturia was President of the American Otological Society, Inc, from 1972-1973, and also 
served as Secretary and Chairman of the Board of Trustees of the Research Fund of the Society, the 
special committee responsible for distributing funds for etological research. In 1976 Dr. Senturia 
was the Society’s Guest of Honor and in 1980 he received its prestigious Award of Merit. 


The St. Louis Otological Foundetion was organized in 1949 by a number of Dr. Senturia’s pa- 
tients who desired to contribute to his research and teaching activities. Dr. Senturia served as its 
President from 1949-1967, when he became its Director of Research. The Foundation established a 
Lectureship in Dr. Senturia’s honor in 1976 and sponsors an annual Foundation Lecture by an 
outstanding otologic scientist before a combined meeting of the St. Louis Ear, Nose and Throat 
Club, the Central Institute for the Deaf, and the Departments of Otolaryngology at Washington 
University, St. Louis University School of Medicine and The Jewish Hospital of St. Louis. 


Dr. Senturia had been ill for some time but insisted on continuing his clinical activities. Not 
surprisingly, the cardiac arrest leading to his final illness occurred in the clinic while he was ex- 
amining the ears of a 16-month-old child. Dr. Senturia, the beloved, kind, caring physician, the 
brilliant research scientist, and the dedicated, meticulous editor of this journal from 1966 to 1982, 
died on July 7, 1982. Surviving him are his wife, Nancy, whom he married in December 1942; his 
son, Ben H. Jr; and his daughter, Alice. 


The late Abraham Joshua Heschel once wrote, and | believe it applies to Ben Senturia, “The 
deepest wisdom man can attain is to know that his destiny is to aid, to serve. . . this act of giving... 
is reciprocity on man’s part . . . for the gift of life.” 


Victor Goodhill, MD 


Ann Otel Rhinol Laryngol 91:1982 


EIGHTH DANIEL C. BAKER, JR, MEMORIAL LECTURE 


SUBCERTIFICATION: A DILEMMA 
FOR OTOLARYNGOLOGY—HEAD AND NECK SURGERY 


GEORGE F. REED, MD 
SYRACUSE, NEw YORK 


The issue of subspecialization and subcertifica- 
tion has been one of great concern for many years 
and has recently received increased attention, espe- 
cially in our specialty of Otolaryngology—Head 
_ and Neck Surgery. The problem being faced by the 
various specialties and their boards is not % much 
that of subspecialization, since this has definitely 
occurred in most of the specialties and today is an 
accepted fact. More specifically, the problem is that 
of subcertification, or some form of recognition of 
the subspecialist’s advanced training, knowledge 
and expertise. This matter is indeed creating a ser- 
ious dilemma, not only for Otolaryngology— Head 
and Neck Surgery but for most of the specialcies. On 
the one hand, the specialists are concerned about 
fragmentation of the parent specialty while. on the 
_ other hand, there is a growing demand for recog- 
nition by those individuals who feel that they have 
acquired special competence in their areas of 
subspecialization. 


_ My main purpose in this presentation is to express 

some personal thoughts on the subject of subcertifi- 
cation. Before doing so, however, I would liEe to re- 
view some of the common arguments for and against 
subcertification. 


On the positive side, a number of points can be 
considered. As in all aspects of medical education, 
research, and patient care, the ultimate considera- 
tion must be that of improved patient care. In this 
regard, if one accepts the fact that specia ization 
has improved patient care, then certainly subspe- 
- cialization can be expected to do likewise. If this be 
the case, such subspecialization should be recog- 
nized by some form of subcertification to protect 
the public interest. It can be well argued that pas- 
sage of time inevitably produces new kncwledge 
and new technologies in various areas of our pres- 
ently accepted specialties. It can also be argued 
therefore that those who concentrate their activities 
in these fields should have some form of recegnition 
or subcertification by the nationally accepted certi- 
fying bodies — namely, the Boards. Another point 
on the positive side is that, since many fields. of sub- 





specialization cross specialty lines, subcertification 
provides the opportunity for diplomates of one spe- 
cialty board to compete with the diplomates of 
competing boards in the delineation of hospital 
privileges and in the third party reimbursement 
process. There is also concern that, if subcertifica- 
tion is not provided by the Boards in the American 
Board system, certification might be provided by 
other organizations with lesser standards than those 
presently utilized. This would certainly be to the 
detriment of the public interest. 


Now, what of the arguments against subcertifica- 
tion? It can be argued that increasing subspecializa- 
tion will increase the cost of medical care.. This has 
generally been the case in the past, wherein special- 
ists usually expect higher fees than generalists. It 
can be assumed that subspecialization will produce 
the same phenomenon of increased fees. However, 
the mere fact of recognition of subspecialities by 
subcertification should not by itself have any signif- 
icant impact upon increasing the cost of care by vir- 
tue of increased fees. 


The cost of care probably would be increased by 
virtue of the fact that subspecialization, spurred by 
subcertification, usually results in increased train- 
ing requirements, increased cost to the institution 
providing the training and to the physician involved 
by decreased income during training. Ultimately 
these costs are passed on to the patient. Another 
argument frequently given by the presently recog- 
nized parent specialties is that of fragmentation 
with resultant erosion of the status of the parent 
specialties and their specialty boards. It is felt by 
many that this could result in a diminution of the 
status of the individual who possesses certification 
from the general discipline but does not possess 
subcertification in the subspecialty area. Indeed, it 
is this subtraction from the globality of the general 
or parent discipline which gives rise to the greatest 
fears of subcertification — that lack of a certificate 
in a discipline’s subspecialty might deny one the 
privilege of practicing that subdiscipline by restric- 
tion of hospital privileges to only those possessing 
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such subcertification. There are also fears that the 
possession, or lack thereof, of a certificate of special 
competence might influence the amount of reim- 
bursement by third party payers and also increase 
the risk of malpractice judgments to those who do 
not possess the special certificate. 


Thus, in reviewing the pros and cons of subcerti- 
fication, we find many valid reasons favoring some 
form of certification of special expertise. In con- 
trast, the main fears appear to be those of fragmen- 
tation on the part of organized medicine, and those 
of potential restriction of hospital privileges and the 
increased threat of malpractice susceptibility on the 
part of individuals. 


Now I would like to exercise the privilege, which 
is inherent in a lecture of this type, of expressing 
some of my personal thoughts regarding subcertifi- 
cation. I have given a great deal of thought to this 
subject over the past few years — frequently with 
mixed emotions. I now definitely believe that the 
arguments in favor of subcertification outweigh 
those against it. 


As far as fragmentation is concerned, I really 
consider this to be a nonproblem. Fragmentation in 
the specialties has already occurred in the form of 
subspecialization and certainly this will not be com- 
pounded by the recognition of subspecialists by 
some form of certifying process. I think we must 


recognize that what we are experiencing at present 
is merely an extension of that which occurred when 
the present specialties and Specialty Boards were in- 
itiated a number of years ago. We are merely un- 
dergaing a further evolution of that specialization 
process in the form of subspecialization, with the 
need ‘or accompanying subcertification. We should 
accept this evolutionary process rather than fight it. 
We must accept the fact that the need to recognize 
special knowledge, special training, special exper- 
tise, and extra achievements by some form of cer- 
tification process is pervasive, inexorable, and un- 


avoidable. 


At the present time, the 23 Specialty Boards 
which operate under the umbrella of the American 
Board of Medical Specialties do issue some 25 spe- 
cial certificates in various subspecialties, either 
throuzh the mechanism of conjoint boards, sub- 
boards, or certificates of special competence. In my 
opinion, the best mechanism is that of the primary 
board issuing certificates of special qualifications to 
individuals who can demonstrate possession of such 
special qualifications in subspecialty areas within 
the domain of their primary board. It is time for 
this process to be expanded. Indeed, the American 
Boarcs have a responsibility to recognize special 
knowledge and expertise if they are to continue to 
fulfill their role of serving and protecting the 
publie. 
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OFFICE TELESCOPIC PHOTOGRAPHY OF THE LARYNX 


EIJI YANAGISAWA, MD, FACS 


NEW HAVEN, CONNECTICUT 


After testing many different procedures for photographing the larynx in the office, the author found that telescopic photography is a 
most effective and reliable method. Four currently ava lable right-angle laryngeal telescopes were reviewed and are discussed with regard 
to their results, along with the author’s method of office telescopic photography. 


Accurate photographic documentation of the 
larynx is of considerable value for teaching, per- 
manent records, proper diagnosis and management 
of various laryngeal disorders. Yet there is no single 
reliable method of still photography of the larynx 
which laryngologists can easily employ at the office. 


Ever since the first documentation of the success- 
ful office laryngeal photography by Thomas French 
of Brooklyn, New York, in 1882, many different 
methods of laryngeal photography have been de- 
scribed. They include 1) indirect laryngoscopic 
photography,'* 2) direct laryngoscopic photog- 
raphy,*’’ 3) microscopic photography,*'* 4) tele- 
scopic photography’®' and 5) fiberscopic photog- 
fanny. 


The purpose of this paper is twofold: first, to 
review four currently available right-angle laryn- 
geal telescopes of different makes with regard to 
their results and, second, to present the author’s 
method of office telescopic photography of the lar- 
ynx which has proven to be satisfactory. 


EQUIPMENT 
RIGHT-ANGLE (LATERAL) TELESCOPES 


Berci-Ward Indirect Laryngopharyngzoscope 
with Hopkins Telescope (8702D, Karl Storz Endo- 
scopy-America, Inc). This endoscope (Fig. l-a) con- 
sists of two parts, a telescope and a light-conducting 
tube, which can be locked together with a bayonet 
socket. The telescope contains a series of fixed glass 
cylinders replacing the interspace between the 
lenses in the more conventional endoscopes and pro- 
ducing a set of small air-lenses between them. This 
construction is reported to bring about a wider view 
angle in relation to the diameter of the optics.'*"° 


The telescope measures 28.3 cm in length and 4.5 
mm in diameter. Its front lens diameter is 2.2 mm 
(Fig. 2A-a). The rectangular outlets, one on each 
side of the lens, measure 1 mm x 3 mm (Fig. 2B-a) 


There are two different sizes of light-conducting 
tubes, one of a smaller diameter for visual examina- 
tion and flash photography only, and one of a larger 
diameter intended for cinephotography but also 
useful when the available light source is insuffi- 
cient. The larger light-conducting tube has two 
connections for the fiber light cables so that either 
two separate cables or the two distal ends of a 
Y-shaped cable can be attached. In both tubes the 
light outlet is shaped into two rectangular areas on 
each side of the front lens.'’ In this study only the 
smaller tube (outer diameter 8.5 mm) was used. 


The instrument has an antifog airflow system by 
means of a small air channel made by a groove 
along the inner aspect of the light-conducting tube 
and the telescope. 


Laryngoscope with Hopkins Telescope (8704D, 
Karl Storz). This instrument (Fig. l-b) is quite 
similar to KS 8702D but has a built-in focusing 
capability and the entire larynx can be seen within 
one single viewing field in 4x magnification. One 
can focus the larynx at different distances like a 
telephoto lens and can photograph the magnified 
view of the larynx to fill the entire slide. 


The instrument measures 24.4 cm in length and 
7.6 mm in outer diameter. Its front lens diameter is 
3 mm (Fig. 2A-b). The rectangular light outlet on 
each side of the lens measures 1 mm x 7 mm (Fig. 
2B-b). It also has an antifog device. 


Stuckrad Magnifying Laryngoepipharyngoscope 
(Richard Wolf Medical Instruments Corp). This in- 
strument (Fig. l-c) consists of a telescope, a light- 
transmission system and an antifog device, but they 
cannot be taken apart.'° 


A fiberoptic cable, which also includes an air 
tube for the antifog device, is fixed to the instru- 
ment. Connections for changing the fiberoptic ca- 
bles (and air tubes) are available. The instrument 
includes a plastic handle. The telescope has a rela- 
tively low weight as it contains groups of lenses in- 
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Fig. 1. Four right-angle laryngeal telescopes. a) Berci- 
Ward Hopkins telescope (Karl Storz 8702D), b) Hopkins 
magnifying telescope (Karl Storz 8704D), c) Stuckrad 
magnifying laryngoepipharyngoscope (Wolf), and d) Na- 
gashima SFT-1 laryngoscope, Note that Berci-Ward tele- 
scope is longest while other three are about same length. 
Also note that Stuckard and Nagashima telescopes have in- 
tegrated light cable which would prevent loss ef light 
transmission at connection. 


stead of glass rods. With the aid of a knob, it is pos- 
sible to change the relationship of these lenses to 
each other, which results in a change of megnifica- 
tion and focus of the object under observation. This 
construction should not be confused with a zoom 
lens, which can change the angle of view continu- 
ously and without influencing the focus,” but it 
does have a zoom lens effect. 


The light transmission opens at two rectangular 
outlets on each side of the front lens of the telescope 
(Fig. 2A-c, B-c). It measures approximately 1 mm x 
8 mm. The length of the telescope is 24.3 cm and its 
outer diameter is 9-10 mm. The antifog device con- 
sists of an air-conducting narrow metal tube, per- 
manently fixed to the instrument and opening im- 
mediately behind the front lens." 


Laryngoscope (SFT-1, Nagashima Medical In- 
strument Co, Tokyo). This laryngoscope is a single 
integrated unit composed of a telescope and a light- 
transmission system (Fig. l-d). It measures 24.5 cm 
in length and 9 mm in outer diameter. The angle of 
the prism at the tip of the laryngoscope is 7)°, pro- 
viding a right-angled view of the larynx. The rec- 
tangular outlets on each side of the lens offer well- 
balanced illumination of the viewing fied (Fig. 
2B-d). Each measures approximately 2 mm x 4mm. 
The front lens diameter measures 4 mm x 3 mm” 


(Fig. 2A-d). 


The telescope is connected to the 100-mm attach- 
ment lens on the SLR camera (Fig. 3B) and ‘ts fiber- 
optic light cable to a xenon light source. 


Light transmission of the Nagashima laryngo- 
scope was excellent and provided brighter defini- 
tion of the image than other endoscopes we tried. 
The reasons for this appeared to be the wice diam- 
eter of the telescope, the newer optical lens system it 
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Fig. 2. A) Close-up view of tip of each telescope. B) Tips 
showing light-transmission outlets. a - Hopkins telescope 
702D, b - Hopkins telescope 8704D, c - Stuckrad ido 
scope, and d - ye p SFT-1 laryngoscope. Note dif- 
-n in sizes of lens openings and j E aa 
outlets. 


employed, integration of the light cable into the 
telescope without a connecting joint and a higher 
number of fibers in the light-transmission system. 
The laryngoscope requires no additional light cable 
nor a special photographic sheath.*? The Naga- 
shima telescope has been found to be very effective 
for video-recording of laryngeal disorders. ?° 


CAMERA 


Olympus OM2 SLR camera with a 1-9 focusing 
screen and autowinder was used (Fig. 3B). For the 
Nagashima telescope, a Nagashima 100-mm attach- 
ment lens was used (Fig. 3B-b). This produced a 
photographic image 13 mm in diameter on the fin- 
ished slide. Since the image was rather small for 
viewing, a 2X teleconverter (Fig. 3B-c) was placed 
between the 100-mm attachment lens and the cam- 
era body to produce a finished image size of 28 mm 
in diameter. For the Hopkins and Stuckrad tele- 
scopes. a 100-mm Zuiko lens and the quick-connect 
camera adapter (Fig. 3B-a) were used. Ektachrome 
ASA 400 color film was chosen after trying many 
different films. 


LIGHT SOURCES 


Xenon Cold Light Fountain (487C, Karl Storz). 
This xenon illuminator (Fig. 4), which produces ap- 
proximately 6000 K (“instant sunlight”), 300 W, 
was used for all four telescopes with special adapt- 
ers. 


Dual Mode Flash and Examining Light System 
(maximum output 100 W-seconds with three-power 
steps 110/240 V AC; Karl Storz, KSFG). This light 
source was used for Hopkins telescopes only because 
the Y-shaped light cable for the dual flash and exam- 
ining light system was not available for Nagashima 
and Stuckrad telescopes with integrated light cables. 


Fiber Light Flash Generator (proximal type, 
5005, R. Wolf, WFG). This fiber light projector 
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Fig. 3. Still telescopic photography. A) Nagashima tele- 
scope is connected to attachment lens for SLR camera. Ex- 
aminer holds camera in one hand and inserts scope into 
mouth while holding patient’s tongue with other hand. 
Larynx is centered on camera screen and picture is taken. 
B) Olympus OM2 SLR camera with autowinder, 1-9 fo- 
cusing screen (not shown) and 100-mm Zuiko lens. a -Karl 
Storz quick-connect camera adapter, b - Nagashima 
100-mm attachment lens, c - Vivitar 2X telecorverter. 
d - Autowinder. 


and photographic light source combined in one unit 
was used for all four telescopes. The system of trans- 
mitting the light for observation as well as the elec- 
tronic flash through the one cable makes it possible 
to take photographs with the small telescopes as 
well. The second light outlet permits simultaneous 
lighting of another instrument. Both diagnostic 
lights have a variable intensity control. The prox- 
imal flash has a 3-stage intensity control for photo- 
graphic applications. 


METHOD 


The Olympus OM2 camera equipped with a 1-9 focusing 
screen, 100-mm Zuiko lens, automatic winder and EkEtachrome 
ASA 400 color film is set at automatic mode with the aperture 
wide open (f 2.8) and the lens distance at infinity. 


The patient and examiner sit facing each other. The soft palate 
and the posterior half of the tongue are topically anesthetized 
with 2% tetracaine hydrochloride (Pontocaine) solution. The 
telescope is connected to the camera via the adapter (the quick- 
connect adapter for KS 8702D, KS 8704D and Stuckrad telescopes 
and the Nagashima 100-mm attachment lens for the Nagashima 
telescope). 


XENON COLD UGHT FOUNTAIN MODEL 487C 





Fig. 4. Xenon cold light fountain (Karl Storz 487C). 


The fiberoptic light cable of the telescope is connected to the 
xenon illuminator. The tip of the telescope is dipped in warm 
water and dried to prevent fogging of the lens during the photog- 
raphy. The xenon illuminator is turned on and set in the high 
filming mode (22A). 


The examiner holds the camera in one hand and inserts the 
telescope into the mouth while holding the patient's tongue with 
the other hand. When the laryngeal image is viewed and centered 
on the focusing screen, a series of photographs of the larynx both 
on phonation and at rest are taken in rapid succession using the 
autowinder of the camera. 

To find out if there are any differences between those pictures 
taken with the xenon light source and those taken with the elec- 
tronic flash, laryngeal pictures were also taken using 1) the Karl 
Storz dual mode flash generator 558, and 2) the Wolf fiber light 
flash generator. 


RESULTS 


More than 1000 laryngeal photographs were 
taken using four different telescopes and three dif- 
ferent light sources. Representative pictures of var- 
ious laryngeal conditions taken with different meth- 
ods are shown in Figure 5. Ektachrome ASA 400 
color film was used for all the pictures shown. 


The Berci-Ward Hopkins 8702D laryngoscope 
(Karl Storz) was very easy to use. The image was in 
focus from 4.5 cm to infinity. With the xenon illum- 
inator at 22A, pictures were in focus in most cases. 
The final picture was 2.6 mm in diameter and ready 
for projection. Approximately 80% of the pictures 
taken were of satisfactory quality. 


The Karl Storz Hopkins 8704D laryngoscope was 
difficult to focus during photography and required 
a great deal of cooperation on the part of the pa- 
tients and skill on the part of the examiner. Since 
the operator had to hold the camera with one hand 
and manipulate the focusing knob of the telescope 
with the other hand, it was necessary for the patient 
to hold the tongue him- or herself. However, when 
adequately taken, picture quality was excellent and 
the enlarged view of the larynx filled the entire 
frame of the slide. Satisfactory results were ob- 
tained in approximately 40% of pictures taken. 


The Stuckrad laryngoscope (Wolf) was also diffi- 
cult to focus and required skill and practice on the 
part of the examiner and cooperation on the part of 
the patient. It was possible to change the magnifica- 
tion during examination and a detailed excellent 
view of the larynx could be obtained. The picture 
filled the entire frame of the slide. Satisfactory 





Fig. 5. Photographs of various laryngeal conditions taken with four different telescopes and three different light sources. A) Normal 
larynx on phonation (KS 8702D, Xenon f 2.8). B) Normal larynx on respiration (KS 8702D, Xenon f 2.8). C) Cancer of larynx after 
radiotherapy (KS 8702D, Xenon f 2.8). D) Cancer of larynx after radiotherapy (KS 8702D, KSFG f 2.8). E) Cancer of larynx after 
radiotherapy (KS 8702D, WFG f 2.8). F) Cancer ef larynx after radiotherapy (KS 8704D, Xenon f 2.8). G) Normal larynx at rest 
(KS 8704D, KSFG f 2.8). H) Cancer of larynx after radiotherapy (KS 8704D, WFG f 2.8). I) Cancer of larynx after radiotherapy on 

honation (Stuckrad, Xenon f 2.8). J) Cancer of larynx after radiotherapy on respiration (Stuckrad, Xenon f 2.8). K) Cancer of 
oe after radiotherapy (Stuckrad, WFG f 2.8). L) Normal larynx on phonation (Nagashima, Xenon). M) Normal larynx on 
respiration (Nagashima, Xenon). N) Cancer of larynx (Nagashima, Xenon). O) Cancer of larynx after radiotherapy (Nagashima, 


WFG). 
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results were obtained in approximately 40% of the 
pictures taken. 


The Nagashima SFT-1 laryngoscope was the easi- 
est laryngoscope to manipulate because of its fixed 
focus. The size of the picture on a final slide when 
the 2X teleconverter was used was 28 mm in diam- 
eter. To visualize the anterior commissure, the tip 
of the laryngoscope had to be inserted deeply and 
tilted toward the examiner. Satisfactory results 
were obtained in approximately 80% of Dictures 
taken. 


When the flash generator — either Karl Storz or 
Wolf — was used, sharpness and color quality some- 
what improved. However, recycling time was slow 
(4-5 seconds) and it took a much longer time to 
photograph the larynx. Repeated reinsertion of the 
telescope was necessary to take an adequate number 
of pictures. Use of the flash generator did not signi- 
ficantly change the success rate of each method. 


CONCLUSIONS 


1. The Berci-Ward 8702D telescope (Karl Storz) 
was the most satisfactory of those telescopes tested by 
the author when used with the xenon illuminator and 
Ektachrome ASA 400 film. It is recommended for 
general still photography of the larynx in the office. 

2. The Nagashima SFT-1 telescope was the easi- 
est to use and gave very satisfactory results. It is re- 
commended for still and video photography of the 
larynx because of its excellent light transmission. 

3. The Karl Storz 8704D telescope and the Stuck- 
rad were difficult to use for photography, but were 
very useful for obtaining detailed enlarged views of 
the larynx. They are recommended for those otolar- 
yngologists who are photographically oriented. 

4. Use of the Olympus OM2 camera with a 1-9 fo- 
cusing screen and automatic winder and xenon il- 
luminator will make office telescopic photography 
of the larynx less complicated and more effective 
and pleasant. 
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LARYNGEAL SARCOIDOSIS 
REPORT OF 13 PATIENTS 


H. BRYAN NEEL III, MD, PHD 


THOMAS J. MCDONALD, MD 


ROCHESTER, MINNESOTA 


Of 220 patients with sarcoidosis of the head and 


neck region, representing 9% of 2,319 patients with sarcoidosis seen at the Mayo 


Clinic from 1950 through 1981, we identified 13 who had laryngeal sarcoidosis. Edematous, pale, diffuse enlargement of the supraglottic 
structures was the most common laryngeal manifestation. The diagnosis is made by a group of clinical, radiologic, and laboratory findings, 
confirmed by the finding of noncaseating granuloma en biopsy. Sarcoidosis is a disease with frequent remissions and exacerbations and 
generally burns itself out; glucocorticoids may be indicated in particularly severe disease. When laryngeal sarcoidosis is suspected, the lar- 
yngologist should collaborate with other clinicians in ë thorough evaluation of the patient. 


Sarcoidosis is a chronic idiopathic granulomatous 
disease which may involve one or more of amy num- 
ber of organs, including those in the head and neck 
region.'° Symptoms are generally mild in spite of 
extensive tissue involvement. The disease tends to 
progress slowly and is characterized by many re- 
lapses and remissions; ultimately, after years, the 
disease “burns out.” 


Epidemiologic studies have given no clues about 
the cause or pathogenesis of the disease, but it ap- 
pears to be a host response to an unknown stimulus, 
possibly an infectious agent; an autoimmune disease 
or one of abnormal immunoregulation; er a re- 
sponse to chemical factors, such as zirconium and 
beryllium.*:’ Many patients are not able to develop 
and maintain delayed-type hypersensitivity, have 
reduced lymphocyte blastogenesis, possess circulat- 
ing immune complexes, and have a variety of other 
immunologic perturbations. The immunologic per- 
turbations may be prerequisites to the development 
of the disease, but they are more likely a secondary 
rather than a primary phenomenon. In short, cell- 
mediated immunity is diminished and humoral im- 
munity is heightened. 


Microscopically, the granulomas are composed 
principally of epithelioid cells; occasionally there 
are a few giant cells and varying numbers of lym- 
phocytes and plasma cells. There is no necrosis, that 
is, no caseation. The microscopic morphology be- 
comes more fibrous and more hyalinization is seen 
in the late stages of the disease. The diagnosis is es- 
tablished by the exclusion of a variety of other dis- 
orders. Special staining techniques are recuired to 
exclude the presence of tubercle bacilli and fungi, 
and tissue should be cultured to substantiate this. 
The diagnosis is finally established by the censolida- 
tion of information derived from a thorough his- 
tory, a physical examination, various laboratory 


tests, and interpretation of microscopic and culture 
examinations of tissue. 


MATERIALS AND METHODS 


From 1950 through 1981, 2,319 patients with sarcoidosis were 
seen at the Mayo Clinic. In this group 220 patients (9%) had clin- 
ically apparent manifestations in a variety of sites in the head and 
neck region. The anatomic locations of disease in the head and 
neck (and the approximate incidence in percent) were as follows: 
eye/lacrimal glands (40%), skin (26%), nose (13%), central or 
peripheral nervous system (6%), larynx (6%), salivary glands 
(4%), neck nodes (4%), and middle ear (1%). Thirteen patients 
with laryngeal involvement were identified, and one of these pa- 
tients was seen before 1950. Most of the patients were from the 
north central part of the United States. There were ten females 
and three males. Their ages ranged from 12 to 67 years, with a 
mean of 40 years and a median of 47 years. Detailed case reports 
of 6 of these 13 patients were published previously.* 


FINDINGS 


Symptoms and Signs. Some combination of hoarse- 
ness, dysphagia, and dyspnea was quite common 
(table). The symptoms were as follows: hoarseness 
(9 patients), dysphagia (7), dyspnea (7), stridor (1), 
weak voice (1), sensation of a lump in the throat (1), 
and mild pain in the throat (1). In one patient, no 
symptoms related to the head and neck were noted, 
and sarcoidosis in the larynx was an incidental find- 
ing at bronchoscopy. 


Appearance and Location in the Larynx. Sar- 
coidosis was found only in the supraglottic larynx in 
11 patients and only in the subglottic larynx in 2. 
The true vocal cords were normally mobile in all ex- 
cept one patient, who had unilateral vocal cord pa- 
ralysis following thyroid surgery several years be- 
fore the diagnosis of sarcoidosis of the larynx was 
made. 


The appearance of the larynx was strikingly char- 
acteristic in all of the patients with supraglottic in- 
volvement. The supraglottic larynx was chronically 
edematous and pale pink, and there was diffuse en- 
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SUMMARY OF FINDINGS IN PATIENTS WITH LARYNGEAL SARCOIDOSIS (N = 13 


_—_— 


Laryngeal Disease* Clinical or Microscopic Evidence of Years 
Age Sex Symptoms Site Dis2ase in Other Sites Sequential Treatment and Response Observ. 
20 F Hoarseness Supraglottic Migratory polyarthritis, relapsing Tracheotomy for 3 yr; spontaneous 1941-62 
Dyspnea fever, erythema nodosum remission and decannulation 
33 F Hoarseness Supraglottic Recurring erythema nodosum: angio- Tracheotomy for 2 yr; spontaneous 1921-45 
Dyspnea edema of hands, feet, and lips; remission and decannulation. 
Dysphagia edematous, granular posterior pha- Tracheotomy, removal of poly- 
ryngeal wall, biopsy positive; cen- poid tissue, irradiation; decannula- 
tral nervous system; peripheral neu- tion 5 yr later and normal larynx. 
ritis of upper extremity Tracheotomy for 3 mo for poly- 
poid swelling; spontaneous remis- 
sion and decannulation 
43 F Dyspnea Supraglottic None (transient Horner’s syndrome of Injection of hydrocortisone acetate 1955-63 
Hoarseness questionable significance) into larynx, tracheotomy; normal 
Dysphagia l mo later and decannulation 
47 F Dysphagia Supraglottic None None 1958-60 
Dyspnea 
50* F Dysphagia Supraglottic Skin rash of arms, bio sy positive; Systemic ACTH; some improvement. 1944-56 
nasal crusting and obstruction; Subsequently died from complica- 
hilar nodes; extensive pulmonary tions of pulmonary sarcoidosis 
fibrosis (no autopsy) 
56 M Dyspnea Subglottic None Tracheotomy. Laryngofissure — ex- 1955-58 
Stridor cision of thickened subglottic 
tissue, skin grafting; excellent air- 
way and decannulation. Died 
from cancer of kidney 
12 M Hoarseness Supraglottic Relapsing fever; malaise; nasal ob- No change in larynx. Prednisone 1966-75 
Nocturnal struction; arthritis; splenomegaly; given in 1975 and larynx cleared 
dyspnea right sudden gg sen hearing loss; 
facial skin rash, biopsy positive; 
pale edema of uvula, pharyngeal 
pillars, and posterior pharyngeal 
wall 
39 F Hoarseness Supraglottic None Oral prednisone intermittently; im- 1980-81 
provement. Injection of Kenalog 
into larynx 1981; further improve- 
ment 
19 M Hoarseness Supraglottic None Tracheotomy for more edema after 1974-77 
Dysphagia biopsies. Hydrocortisone acetate 
(xl) and Depo-Medrol (x6) in- 
jected into larynx; no change 
67 F Hoarseness Supraglottic None Depo-Medrol injected into larynx; 1961-66 
Sensation of no change 
lump and 
mild pain 
in throat 
54 F Hoarseness Subglottic Cough, relapsing fever, hilar nodes, Prednisone; no effect on larynx 1974-82 
and lung parenchyma; mediastin- 
oscopy postive 
47* F None Supraglottic Relapsing fever; bloody rhinorrhea Prednisone; no change. Irradiation 1963-73 
and septal perforation, nasal biopsy of toe and trachea; marked im- 
positive; marked pale thickening of provement 
mucosa of trachea and throughout 
bronchi, biopsy positive 
38 F Hoarseness Supraglottic None (scalene node biopsy positive, Tracheotomy. Hydrocortisone ace- 1963-76 
Weak voice but chest roentgenograms negative) tate injected into larynx; shrinkage 
Dyspnea and decannulation 
Dysphagia 


*All patients had laryngeal biopsies except the two indicated by asterisks. 


largement of the supraglottic structures (figure). 
This appearance is pathognomonic of supraglottic 
laryngeal sarcoidosis. The rim of the epiglottis was 
full and rounded, and it had a turban-like thicken- 
ing. There occasionally were either reddened or 
granular areas, and this was the characteristic ap- 
pearance of the subglottic region in the patients 
with subglottic laryngeal sarcoidosis. It should be 
emphasized that the true cords appeared normal in 
all cases except one; and indeed, even in that pa- 


tient, the upper edges of the true cords were nor- 
mal, but there was reddened thickening of the an- 
terior-inferior portions of the true vocal cords, re- 
flecting more extensive subglottic disease. This did 
not impair vocal cord mobility but caused severe 
hoarseness. 

We want to emphasize too that the edematous, 
pale, diffuse enlargement of the supraglottic struc- 
tures was the most common laryngeal manifestation 
of sarcoidosis, and, in fact, is considered pathogno- 
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Typical appearance of laryngeal sar- 
coidosis. Supraglottic structures are edem- 
atous, pale pink, and diffusely enlarged, 
epiglottis is turban-like, and true cords 





monic of sarcoidosis of the larynx (figure). 


Biopsy. Biopsy of the larynx was carried out in 11 
of the patients, and noncaseating granulomas were 
identified in all. Two patients who did not have la- 
ryngeal biopsies had the typical supraglottic ap- 
pearance found in all of the patients with supraglot- 
tic sarcoidosis. One of these patients had a skin rash 
on the arms, and biopsy showed noncaseating gran- 
ulomas. This patient also had nasal crusting and ob- 
struction, the typical hilar nodes seen in sarcoidosis, 
and pulmonary fibrosis. The other patient had re- 
lapsing fever, bloody rhinorrhea, a septal perfora- 
tion, a nasal biopsy that contained noncaseating 
granulomas, and marked, pale thickening of the 
mucosa of the trachea and bronchi, which also con- 
tained noncaseating granulomas. The diagnosis of 
systemic sarcoidosis was secure in both of these pa- 
tients. 


Several of the patients had biopsies of other or- 
gans, the results of which are described in the table. 


Isolated Laryngeal Sarcoidosis. Of 6 patients 
with no obvious evidence of systemic sarcoidosis, 5 
had the typical supraglottic appearance of sarcoido- 
sis and biopsies that showed noncaseating granulo- 
mas; 1 patient had subglottic involvement and bi- 
opsies that revealed noncaseating granulomas. One 
other patient had no clinical evidence of systemic 
sarcoidosis, but a random scalene node biopsy 
showed noncaseating granulomas, although the 
chest roentgenograms were negative. 


We feel comfortable with the diagnosis of iso- 
lated laryngeal sarcoidosis if the patient has had a 
careful history, thorough physical examination, 
laboratory tests, roentgenograms, biopsies of the 
larynx which show noncaseating granulomas in 
combination with the typical laryngeal appearance, 


are normal. 


and a long period of observation. 


Laryngeal Sarcoidosis and Systemic Disease. In 
seven patients there were definite systemic manifes- 
tations as well as evidence of laryngeal sarcoidosis. 
These manifestations were skin involvement (5 pa- 
tients), relapsing fever (4), migratory polyarthritis 
(2), pale edema and thickening of pharyngeal mu- 
cosa (2), granular nasal membranes and crusting 
(2), and central nervous system involvement (1). 
Three of these patients also had evidence of lung 
changes on roentgenograms, and two had obvious 


hilar nodes. 


Duration of Observation. Six patients were ob- 
served for 9 to 24 years, three for 5 to 8 years, two 
for 3 to 4 years, and one for 1 to 2 years. 


Sequential Treatment and Response. An outline 
of the sequence of treatment and response is shown 
in the table. Four patients had systemic cortisone; 4 
patients had laryngeal injections of cortisone; 1 pa- 
tient had both systemic and laryngeal cortisone; 1 
patient had a laryngofissure, excision of the sarcoid 
tissue, and subglottic skin grafting; 1 patient had 
external radiation; and 2 patients had no treatment 
at all. 

Tracheotomies for airway obstruction were nec- 
essary in six patients. Five patients had one tra- 
cheotomy, and one patient had three tracheotomies 
because of intermittent exacerbations of the laryn- 
geal disease. 


DISCUSSION 
The diagnosis of sarcoidosis is made by assem- 
bling a constellation of clinical, radiologic, and 
laboratory findings (DeRemee RA, Zinsmeister AR, 
unpublished material).*’-'° The diagnosis is con- 
firmed by the finding of noncaseating granulomas 
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in biopsy material. Antigen of reliable consistency 
for Kveim testing is difficult to procure, and so this 
test is of more theoretic than practical importance.‘ 


About 9% of our patients with sarcoidosis had 
fairly striking clinical manifestations in the head 
and neck region. Because the manifestations of the 
disease are so protean, patients initially seek consul- 
tation from a variety of specialists; however, a large 
proportion of the presenting manifestations ean in- 
volve structures in the head and neck region. The 
generalist may see the patient because of dyspnea, 
lymphadenopathy, or rash; the neurologist, because 
of nerve palsy (eg, VII), encephalopathy, seizures, 
or meningitis; the ophthalmologist, because of red 
eye (uveitis), dry eye (lacrimal), or blurred vision; 
the dermatologist, because of erythema nodosum, 
rash, or lesions in scars; and the otorhinolaryngolo- 
gist, because of hoarseness, dysphagia, or dyspnea. 
When the diagnosis of sarcoidosis is suspected, the 
laryngologist should collaborate with other clini- 
cians to do a thorough physical examination as well 
as pulmonary, ocular, and dermatologic evalua- 
tions. Basic laboratory studies usually consist of 
serum calcium levels, protein electrophoresis, elec- 
trocardiogram, chest roentgenogram, pulmonary 
function tests, serum angiotensin-converting en- 
zyme determination, and perhaps in some instances 
gallium scans. Levels of angiotensin-converting en- 
zyme often parallel the clinical course, end in- 
creases often antedate exacerbations of the disease.” 
The diagnosis is confirmed by biopsies of one or 
more diseased organs, namely, skin, eyes, lymph 
nodes, lung, salivary glands, larynx, liver, or bone 
marrow, and by culture of the biopsy material to 
exclude the presence of tuberculosis or fungal infec- 
tions. 

When the laryngologist is confronted with a pa- 
tient who has typical laryngeal appearance of sar- 
coidosis, he or she must rule out lymphoma and 
other malignant neoplasms, cartilaginous tumors, 
benign myomatous polypoid thickening of the lar- 
ynx due to smoking, and specific infections such as 


tuberculosis, syphilis, histoplasmosis, coccidioido- 
mycosis, blastomycosis, and actinomycosis, along 
with such entities as amyloidosis and lipoid protein- 
osis. Myxedema, previous irradiation to the neck, 
and a variety of systemic connective tissue diseases 
should also be excluded. In the very rare patient 
with subglottic sarcoidosis, the causes of nontrau- 
matic nonneoplastic subglottic stenosis should be 
excluded, namely, relapsing polychondritis, amy- 
loidosis, and Wegener’s granulomatosis." 


Laryngeal sarcoidosis can occur as an isolated 
phenomenon. As stated by Devine,’ “a careful his- 
tory may reveal evidence that the disease is or has 
been systemic, has involved other organs in the 
past, may do so in the future, and often requires 
long-term follow-up to reveal its true, chronic re- 
lapsing systemic nature.” Gallium-67 citrate scans 
may help define clinically inapparent granuloma- 
tous inflammation in other organs, such as the 
lacrimal and salivary glands." 


It is difficult to recommend any specific treat- 
ment. The indications for the use of systemic gluco- 
corticoids are controversial, and their effects are 
difficult to assess because, by nature, sarcoidosis is a 
disease with frequent spontaneous remissions and 
exacerbations. In general, systemic glucocorticoids 
are recommended for the treatment of active ocular 
disease, persistent hypercalcemia and nephrocalcin- 
osis, central nervous system disease, myocardial in- 
volvement, chronic skin lesions, progressive pul- 
monary disease, and certainly impending laryngeal 
obstruction (DeRemee RA, Zinsmeister AR, unpub- 
lished material).*'° In this series of patients, corti- 
sone was injected into the larynx on one or more oc- 
casions in 4 patients and led to improvement of the 
appearance of the larynx in 2 and no change in 2 
others. In one patient, subglottic skin grafting led to 
a favorable outcome and an excellent airway. A re- 
cent report described a successful outcome after 
supraglottic laryngectomy for supraglottic sar- 
coidosis in one patient, who has remained free of 
symptoms for 20 months after surgery." 
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Laryngotracheal invasion by well-differentiated thyroid carcinoma is an uncommon occurrence. Recommendations for therapy have 
primarily included total laryngectomy or shaving of the tumor from laryngeal or tracheal cartilages. Clear guidelines have not been estab- 
lished for the applicability of partial laryngeal resecticns. In a retrospective analysis of patients with thyroid carcinoma, 13 patients had 
airway invasion. Of the five patients with laryngeal involvement, three were treated by a partial laryngeal resection. An experimental 
study was undertaken to determine more precisely the amount of cricoid cartilage which could be resected without reconstruction. Varying 
amounts of cricoid cartilage were resected. The results indicate that 25% of the cricoid cartilage may be resected without appreciable air- 
way narrowing. On the basis of the retrospective analysis and experimental study, we feel a partial laryngeal resection is possible in most 


cases of airway invasion by thyroid carcinoma. 


INTRODUCTION 


Laryngotracheal invasion by well-differentiated 
thyroid carcinoma is an uncommon occurrence. Re- 
ports in the literature vary from 1% to approxi- 
mately 13%.'° However, of those patients who 
eventually succumb to thyroid carcinoma, local re- 
currence is the most common postmortem finding.‘ 
Residual tumor involving either the laryngeal or 
tracheal cartilages results in a high incidence of 
local recurrence and potential for airway invasion.’ 


Surgical management of patients with thyroid 
cancer invading the airway has primarily been total 
laryngectomy. Clark et al,* in an analysis of 218 pa- 
tients, noted that laryngectomy had been required 
in 5. He felt that if the larynx or trachea were in- 
vaded, these structures should be removed. Schindel’ 
performed a total laryngectomy in 8 of 225 patients 
with thyroid carcinoma. Djalilian et al,’ in a review 
of 2000 cases, found seven patients had undergone a 
total laryngectomy while two other patients under- 
went a partial laryngeal resection. Lawson et al,’ 
on the other hand, reported on 6 patients with air- 
way invasion, 5 of whom had local control of their 
disease with conservation surgery. It was his feeling 
that if the lesion was surgically amenable to a con- 
servation procedure, this should be performed. 


Although partial laryngeal resections for patients 
with thyroid carcinoma invading the larynx have 
been used successfully, clear guidelines have not 
been established. The indications for partial laryn- 
gectomy, both with intraluminal invasion as well as 
minimal cartilage destruction, have not been eluci- 
dated. Through a retrospective study of thyroid car- 
cinoma treated at the University of Illinois and af- 


filiated hospitals and an experimental animal study, 
an attempt is made to clarify the criteria for partial 
laryngeal resection. 


RETROSPECTIVE STUDY 


A tetal of 190 patients with thyroid carcinoma 
were treated at the University of Illinois and affili- 
ated hospitals between 1950 and 1980. Thirteen pa- 
tients with well-differentiated tumors had airway 
invasien, an incidence of 6.8%. Five of these pa- 
tients had extension of the thyroid neoplasm into 
the larynx or subglottic space, while the remainder 
had varying degrees of tracheal invasion. 


Surgical therapy used in treating these five pa- 
tients included one total laryngectomy and three 
partial laryngectomies. One patient, whose lesion 
was thought to be amenable to a partial laryngeal 
resection, refused surgery. Patients with tracheal 
invasien were treated with various procedures (Ta- 
ble 1). One patient’s tumor was deemed unresecta- 
ble due to massive tracheal, mediastinal, and esoph- 
ageal invasion and was treated with radiation ther- 
apy. Two patients required anterior resection of 
five and six tracheal rings. These tracheal defects 
were reconstructed with bilateral sternocleidomas- 
toid flaps. A tracheostomy, performed at the lower 
margin of the reconstruction, was removed in less 
than two weeks in both patients. Neither patient de- 
veloped notable tracheal stenosis over extended fol- 
low-up periods (16 and 18 years). 


Of these 13 patients, 8 are alive with no evidence 
of disease: 5 have either died or are alive with dis- 
ease present (Table 2). Although a 15-year follow- 
up period is not available for all 13 patients with 
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TABLE 1. TREATMENT OF TRACHEAL INVASION 





Treatment No. Patients 
Window resection 3 
Resection with reconstruction 3 
Tracheal resection, partial esophagectomy ] 
Radiation * ] 


* Massive tracheal, mediastinal, esophageal invasion. 


airway invasion, it is apparent that the type of sur- 
gical procedure performed had a marked effect on 
the survival rate. In those patients where a wide ex- 
cision of tumor was accomplished, survival was in- 
creased, Inadequate surgical resection in our series 
resulted in uncontrolled disease in 100% of pa- 
tients. 


CASE REPORTS 


Case 1. A 63-year-old male had a 1.5 x 2-cm mass im the left 
lobe of the thyroid fixed to the larynx. Direct laryngoscopy and 
bronchoscopy showed no mucosal abnormality. He underwent 
left thyroid lobectomy and isthmusectomy, at which time the 
mass was found to be adherent to the cricoid. Tumor was shaved 
off the cricoid, leaving residual disease on the cartilage. The 
pathologic diagnosis was mixed papillary follicular carcinoma. 


Two years postoperatively, the patient returned with a recur- 
rent neck mass fixed to the larynx, again with no intraluminal 
signs or symptoms. 


On radioactive iodine ('*'I) scanning the tumor displayed no 
uptake. The surgical service treated the mass with external radia- 
tion, which resulted in moderate shrinkage of the tumor mass. 


Six years postoperatively, the patient was again adm-tted with 
an increase in size of the neck mass. The patient also complained 
of hemoptysis but had no hoarseness. Several enlarged neck nodes 
were present, in addition to the mass adherent to the larynx. The 
surgical service performed a radical neck dissection and >artial re- 
moval of the mass adherent to the cricoid. 


Eight years after initial presentation, the patient returned with 
massive hemoptysis. His voice remained normal. Bromchoscopy 
revealed an intraluminal subglottic tumor, following which a 
total laryngectomy was performed. 


He was subsequently evaluated by one of us (MF) fo- voice re- 
habilitation. Twelve years after initial presentation (sour years 
after laryngectomy), he is free of disease. 


COMMENT. The pathologic specimen (Fig. 1A) revealed, both 
grossly and microscopically, that approximately 25% əf the an- 
terolateral aspect of the cricoid cartilage was involved with tu- 
mor. 


Case 2. A 60-year-old female had a thyroid nodule. She under- 
went a thyroid lobectomy and isthmusectomy at which time tu- 
mor was noted to be adherent to the cricoid and was not com- 
pletely removed. On referral to another institution, she under- 
went a second neck exploration. Additional tumor was removed, 
but residual tumor remained adherent to the cricoid. Pathologic 
diagnosis was mixed papillary follicular carcinoma. 


She was rehospitalized seven years after initial presentation 
with a large anterior neck mass and hoarseness. Partial removal of 
the tumor was again performed, and she subsequently was treated 
with "I 


One year later she returned with an extensive neck mass. The 
CT scan showed invasion of the cricoid and thyroid (Fig. 2A-C). 
The patient was then referred to one of us (MF). The patient 
underwent a partial subglottic resection, removing app-oximately 
25% of the lateral aspect of the cricoid and thyroid cartilages. 
The recurrent laryngeal nerve was resected since it wes involved 
with tumor. 


TABLE 2. SURVIVAL STATUS FOR 13 PATIENTS 


Interval 
Since Diagnosis NED AWD DOD 
<5 years 2 
< 10 years 2 l ] 
< 15 years 3 
> 15 years 3 l 


NED - No evidence of disease; AWD - Alive with disease: DOD - Dead 
of disease. 


COMMENT. Reconstruction involved soft tissue closure of the 
defect. In view of the numerous previous surgical explorations 
and the postradiation treatment, reconstruction with cartilage, 
bone graft, or flap was not considered advisable. 


Postoperatively, the patient was decannulated in ten days. She 
healed with minimal subglottic narrowing. She has a cord paral- 
ysis but an adequate airway. She is active without any shortness of 
breath, and she is currently free of disease two years after surgery. 


Case 3. A 50-year-old female had a thyroid nodule, treated 
with a thyroid lobectomy and isthmusectomy. The diagnosis was 
a mixed papillary follicular carcinoma. Six years postoperatively, 
she presented with right cervical adenopathy, at which time she 
underwent a right radical neck dissection. Ten years postopera- 
tively the patient presented with left cervical adenopathy, and 
underwent a left radical neck dissection. Twelve years after the 
first surgery, she had extensive recurrent neck disease and pul- 
monary metastasis. The recurrent neck disease was excised and 
she was treated with "I. 


Subsequently, she had progressive enlargement of a neck mass 
adherent to the thyrohyoid membrane. Twenty years after initial 
presentation, she was admitted with airway obstruction and se- 
vere dysphagia. Examination revealed an extensive supraglottic 
mass obstructing the airway and requiring emergency tracheot- 
omy. She underwent a supraglottic laryngectomy and partial 
pharyngectomy. Decannulation was accomplished seven days 
postoperatively. At present she eats normally and has a normal 
airway. 


COMMENT. Although any treatment in a patient with pulmon- 
ary metastasis is palliative, this can be long-term. Removal of the 
local disease causing severe airway obstruction with a partial la- 
ryngectomy as opposed to a total laryngectomy is certainly opti- 
mum palliation. 


EXPERIMENTAL STUDY 


Review of the literature and analysis of our cases 
illustrate the need for several questions to be an- 
swered. In cases of minimal laryngeal involvement, 
how much can be removed without sacrificing func- 
tion? In cases of more massive involvement, at what 
point of resection is some method of reconstruction 
essential? 


An experimental model was designed to mimic 
possible areas of subglottic laryngeal involvement 
with thyroid carcinoma. Since other sites of laryn- 
geal involvement fit into standard categories of par- 
tial laryngectomy, these were not studied. 


Six mongrel dogs underwent preoperative soft tis- 
sue neck x-ray studies to establish the presence of a 
normal subglottic airway. The six dogs then had 
partial subglottic laryngectomies with varying 
amounts of resection. The amounts of resection 
ranged from a minimum of 25% cricoid resection 
(Fig. 3A,B) with preservation of the recurrent la- 
ryngeal nerve to a maximum resection of 50% of 





Fig. 1. (Case 1) A) Pathologic specimen showing intraluminal subglottic involvement by tumor. B) Sketch illustrating area of in- 
volvement found in pathologic specimen. 





C D 


Fig. 3. Anterior and lateral views of reconstructions following partial subglottic laryngectomies. A) (Dog 1) Cricoid resection, 25% . 
B) (Dog 2) Cricoid and thyroid resection, 25% . C) (Dog 4) Cricoid resection, 50%. D) (Dog 6) Thyrotracheal anastomosis. 
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Fig. 2. (Case 2) A) Tumor eroding right thyroid cartilage (arrows 


) and extending onto aryepiglottic fold (a). B) Deformity of the cri- 


coid cartilage (arrow) adjacent to the tumor (T). C) Subglottic airway invasion by the tumor (arrows). 


the cricoid (Fig. 3C). Table 3 indicates the exact 
sites of resection. 


Five of the six dogs had resections without recon- 
struction. Each of these dogs had closure of the sub- 
glottic defect with available soft tissue (strap mus- 
cles). None of the dogs had tracheotomies per- 
formed at the time of surgery. One of the dogs with 
50% resection of cricoid and thyroid developed 
massive subcutaneous emphysema and bilateral 
pneumothoraces postoperatively. This dog died and 
was therefore not available for follow-up study. Be- 
cause the dog had no stridor or evidence of upper 
airway collapse, the early death was thought to be 
due to a technical error in closure. 


Dog 6 had a 50% resection of the anterior cricoid 
ring extending from the right cricothyroid joint to 
the left cricothyroid joint with identification and 
preservation of both recurrent laryngeal nerves. 
Primary thyrotracheal anastomosis was performed 


(Fig. 3D). 


Dogs were evaluated at 2 weeks, 4 weeks and 8 
weeks by soft tissue neck x-ray films and direct 
laryngoscopy and bronchoscopy. At the time of this 
writing, 8-week results were available. The dogs 
are being kept alive for long-term follow-up. 


RESULTS 


Five dogs were available for 2-month follow-up. 
None of the dogs had stridor at any time. Dog 1, 


TABLE 3. PERCENTAGE AND SITE OF RESECTION 
OF CANINE LARYNGES 








Percentage 
Dog Resection Site 

l 25 Cricoid 

25 Cricoid and thyroid 

25 Cricoid and thyroid plus 

recurrent nerve transection 

4 50 Cricoid 
5* 50 Cricoid and thyroid 
6 50 Cricoidt 


"Dog 5 died in early postoperative course due to technical errors. 


| With primary thyrotracheal anastomosis. 


which had a 25% resection of the cricoid, had a 
normal bark and normal endoscopic findings at two 
months. No narrowing, granulation tissue or scar- 
ring was detected. Soft tissue x-ray views (Fig. 
4A,B) of the subglottic airway were unchanged 
compared to the preoperative x-ray views. 


Dog 2, which had resection of 25% of the cricoid 
and 25% of adjacent thyroid cartilage, also had 
normal endoscopic and radiographic findings. 


Dog 3 had an identical procedure to dog 2, except 
that the recurrent laryngeal nerve was resected as 
well. Postoperatively he had a breathy bark and 
vocal cord paralysis, with an adequate airway. En- 
doscopically, there was no subglottic narrowing. 


Dog 4, with a 50% resection of cricoid, had a 
normal bark and no stridor. Endoscopy at two 





Fig. 4. (Dog 1) A) Postoperative endoscopic view nigel i 
normal subglottic larynx. B) Postoperative lateral nec 
x-ray film showing normal subglottic larynx. 
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Fig. 5. (Dog 4) A) Postoperative endoscopic view showing 
enhanced subglottic narrowing (arrow). B) Posteperative 
lateral x-ray film confirming subglottic narrowing. 


months, however, revealed subglottic narrowing 
and a marked amount of granulation tissue. X-ray 
examination confirmed the narrowed subglottis 


(Fig. 5A,B). 


Dog 6, with the primary thyrotracheal anastomo- 
sis, had a mild amount of granulation tissue at two 
months. However, there was neither endoscopic nor 
radiographic evidence of narrowing (Fig. 6A,B). 


Although none of the dogs developed stridor, we 
believe this is partially due to the large size of the 
canine larynx. Any evidence of narrowing present 
at two months in the experimental dog would be 
likely to suggest development of significant stenosis 
in the human. Procedures in which no narrowing 
could be detected at two months should result in an 
adequate postoperative airway. Long-term findings 


will be studied. 


DISCUSSION 


Patients with thyroid carcinoma invading the air- 
way present difficult problems to the thyroid sur- 
geon. The nature of the disease itself contributes 
considerably to the quandary of how to manage 
these patients. Unlike patients with squamous cell 
carcinoma of the head and neck, patients with in- 
vasive thyroid carcinoma can survive a long time 
with clinically evident disease, whether the disease 
is local or metastatic. 


Treatment of thyroid carcinoma at the initial 
presentation remains controversial. Total thyroid- 
ectomy or total lobectomy and isthmusectomy for 
well-differentiated thyroid carcinoma have propon- 
ents. Universally accepted, however, are two basic 
principles of surgery for thyroid carcinoma. First, 


Fig. 6. (Dog 6) A) Postoperative endoscopic view showing 
mild moderate granulation tissue (arrow) without scar tis- 
sue formation. B) Postoperative lateral x-ray film showing 
no subglottic narrowing. 


all gross tumor should be removed. Second, wide 
margins are not necessary and normal structures 
should not be sacrificed. 


Adhering to these principles in cases of airway in- 
vasion by the thyroid carcinoma presents a surgical 
dilemma. Since the site of airway invasion in most 
cases is the subglottic space, no standard form of 
partial laryngectomy is applicable. Therefore, 
either tumor has been shaved off the laryngeal and 
tracheal cartilages in cases of marginal invasion, or 
total laryngectomy has been performed in cases of 
more extensive invasion. 


The results of retrospective analysis as well as the 
experimental animal study indicate that less radical 
surgery may be performed in some cases of intra- 
luminal invasion of thyroid carcinoma. Conversely, 
more extensive surgery may be necessary in patients 
with cartilage invasion, but no intraluminal in- 
volvement. 


Although 3 of 5 patients with laryngeal invasion 
were treated with partial laryngectomy, retrospec- 
tive analysis suggests that all 5 lesions were amen- 
able to a partial laryngeal resection. Invasion into 
the subglottic airway did not necessarily dictate 
that a total laryngectomy need be performed. These 
patients may be managed with a subtotal subglottic 
resection. Animal studies and clinical findings indi- 
cate that up to 25% of the cricoid cartilage antero- 
laterally may be resected without appreciable air- 
way compromise. More extensive resections of the 
cricoid cartilage would require reconstruction. 
Criteria for subglottic partial laryngectomy include 
adequate removal of disease, minimal functional 
change, and an acceptable risk of complications. 
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In those patients with cartilage involvement not 
extending intraluminally, a more extensive resec- 
tion than shaving the cartilage is required. Removal 
of the involved cartilage should be performed. Re- 
section of the cricoid cartilage can be treatec as out- 
lined. In cases of tracheal invasion, it is possible in 
many cases to resect portions of the tracheal rings 
without reconstruction. In those patients with min- 
imal resections, closure of the defect with so?t tissue 
is adequate. 


Patients with extensive subglottic involvement 
may require resection of the entire anterior arch of 
the cricoid. In those patients, a primary tkyrotra- 
cheal anastomosis is the preferable method cf treat- 
ment. Gerwat and Bryce'® and Pearson et al" have 
described the operative technique. Preservation of 
the cricothyroid joint stabilizes the larynx and pro- 
tects the recurrent laryngeal nerves (if they are not 
involved with tumor). 


Many techniques for reconstruction of tracheal 
and laryngeal cartilages have been used. These in- 
clude the hyoid flap or graft,'>™ rib graft,'*"* and 
septal cartilage graft.'®" Circumferential tracheal 
resection has also been well described.'*?° Primar- 
ily, these techniques have evolved from treatment 
of subglottic stenosis and traumatic airway injuries 
but are applicable in the treatment of airwey inva- 
sion secondary to thyroid carcinoma. 


Patients with thyroid carcinoma have unique limi- 
tations in reconstruction. Previous surgery, devas- 
cularized strap muscles and supporting structures 
and irradiation all tend to decrease the chance for 
successful graft or flap reconstruction. For these 
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reasons, we strongly consider two alternatives. In 
minimal resections, reconstruction with soft tissue 
has been shown to be adequate. In extensive resec- 
tions, primary anastomosis is the preferable method 
of treatment. 


Our series reconfirms the importance of removal 
of gross disease. In those patients in whom an inade- 
quate surgical resection was performed, 100% had 
uncontrollable disease and eventually died from 
their thyroid carcinoma. Residual disease predis- 
poses the patient to local recurrence with airway in- 
vasion, possibly requiring extensive surgery. 


CONCLUSIONS 


On the basis of these observations we have reached 
the following conclusions. 

1. Thyroid carcinoma invading the airway can 
usually be treated by partial laryngeal or tracheal 
resection. 

2. Total laryngectomy may be required in cases 
of massive involvement. 

3. Up to 25% of the cricoid cartilage may be re- 
sected without reconstruction. 

4. Resection of a portion of the thyroid cartilage 
does not seem to alter the subglottic airway. 

5. Primary thyrotracheal anastomosis is useful for 
reconstruction of patients requiring resection of the 
entire anterior cricoid arch. 

6. Partial laryngeal or tracheal resection should 
be considered even in cases with no intraluminal in- 
volvement when the cartilage is involved. Gross tu- 
mor should not be left behind. 
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NINCDS NOTES* 


NATIONAL ADVISORY COUNCIL ADDS NEW MEMBERS 


Three new members were recently appointed to the National Advisory Neurological and Communicative Disorders and Stroke Coun- 
cil. The appointees are Dr. Kenneth N. Stevens, C. J. LeBel professor of electrical engineering and computer science at the Massachusetts 
Institute of Technology; Jerome H. Stone, a manufaeturing executive and president of the Alzheimer’s Disease and Related Disorders 
Association (ADRDA) and Dr. John M. Tew, Jr., chairman of the Section on Neurosurgery and director of the graduate education pro- 
gram in neurological surgery at Good Samaritan and Christ Hospitals in Cincinnati. The new appointees will serve on the council until Oc- 


tober 1985. 


TEACHER INVESTIGATOR, RESEARCH CAREER DEVELOPMENT AWARDS ANNOUNCED 


The deadlines for receiving applications for RCDAs (Research Career Development Awards) and TIDAs (Teacher Investigation 
Development Awards) are October 1, February 1 anc June 1 of each year. Additional information on these training awards can be ob- 
tained from Dr. John W. Diggs, Deputy Director, Extramural Activities Program, NINCDS, NIH, Bethesda, MD 20205. F ollowing the 
May 1982 meeting of the National Advisory Neurological and Communicative Disorders and Stroke Council, NINCDS made eleven new 
TIDA awards and three RCDA awards. 


NEW PAMPHLET EXAMINES HEARING LOSS 


Hearing loss, a disorder affecting an estimated 16 million Americans, is examined in a new NINCDS pamphlet, Hearing Loss: Hope 
Through Research. The publication addresses the causes, treatments, and prevention of hearing loss, and reviews the role of the NINCDS 
research programs in each of these areas. An illustrated explanation of the anatomical basis for different hearing disorders is provided, and 
current methods for detecting hearing impairment are discussed. The pamphlet also deals with the special communication problems of 
people who have hearing problems from birth. The pamphlet describes new hearing device technology and different language systems for 
aiding communication. In addition, it lists a number of voluntary health organizations concerned about the problems of the hearing- 
impaired. Single copies (Government Printing Office stock no. 017-049-00126-3) may be obtained from the Office of Scientific and Health 
Reports, NINCDS, Building 31, Room 8A16, 9000 Reckville Pike, Bethesda, MD 20205. 

*This information is prepared monthly by the Office of Seientific and Health Reports, National Institute of Neurological and Communicative Disorders 
and Stroke, National Institutes of Health, Building 31, Room A816, Bethesda, MD 20205; (301) 496-5751. 
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OF THE MONKEY LARYNX 
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An experiment was designed to measure the area of subglottic squamous epithelium in a group of 14 adult monkeys. The animals were 
much older than any so far available for medical research. The larynges were strained using pyronin Y, which stains respiratory epithelium 
magenta and squamous epithelium pale pink. The areas of squamous epithelium inferior to the free margin of the vocal cord were 
measured. The results showed that the subglottic epithelium increased with age (r= +0.61, p= <0.05). This finding may have impor- 


tance in the staging of laryngeal carcinoma. 


INTRODUCTION 


‘The first mention of the epithelium of the larynx 
in. the. scientific. literature was by Galen’ in the sec- 
ond-century AD. In the late 19th century there was 
much controversy over the origins of the various 
_ types of epithelium in the larynx. This followed 
` Tourneux’s*: writing that the free margin of the 
vocal cords was ‘covered with stratified squamous 
epithelium andthe adjacent areas with ciliated epi- 
. thelium. The argiiment was whether the squamous 
"epithelium ` was derived from physiological or 
eee metaplasia. Kanthack’ supported the 
physiological mechanism and Heymann‘ argued the 


n Tease’ for pathological metaplasia. 


ve ch of the literature fails to reveal the transi- 
- tion point from squamous to respiratory epichelium 
- in the. subglottic region. This area may have some 
. importance in the staging and pathogenesis of la- 
ryngeal cancer as respiratory epithelium in the lar- 


''-ynx has a rich lymphatic, whereas squamous epithe- 


. lium: does not. It is noteworthy that the UICC 
TNM” classification divides laryngeal carcinomas 
into supraglottic, glottic and subglottic, but does 
_ .fiot specify where lies the division between the 
lower two regions. Stell et alf suggested taat the 
division between glottis and subglottis should be the 
dividing line between squamous and respiratory ep- 
ithelium. Kirchner and Som’ suggested the upper 
border of the cricoid, and Ogura and Mallen.’ a line 
1 cm below the free edge of the cord. 


A measure of the size of the squamous-linezd sub- 
glottis and the area of transition therefore may be of 
importance. The purpose of this study was t try to 
establish whether the area of the squamous epithe- 
lium inferior to the free margin of the vocal cord 
was constant or whether it varied with age. The 
study was carried out on a group of rhesus monkeys. 


MATERIALS AND METHOD 


A group of 14 rhesus monkeys was used for the study. This was 
from one of the oldest primate colonies of experimental animals. 
Their age range was from 4 to 31 years (mean 15 years), The 
group included two 24-year-olds and three 3l-year-olds. These 
latter animals might be expected to show some of the age changes 
seen in centenarian humans. 


The larynges were removed, washed and subsequently fixed in 
10% formol saline. 

The epithelium of the larynges was stained using pyronin Y 
(Kodak). This dye stains ribonucleic acid.’ After washing each 
larynx, it was suspended in a 4% aqueous solution of pyronin Y 
for one minute. The specimen was then washed to remove excess 
dye. Pyronin Y stains respiratory epithelium magenta and the 
squamous epithelium is left a pale pink color. This was confirmed 
histologically. 

The specimens were split sagitally into two equal parts. They 
were then placed between two sheets of clear plastic (Perspex). 
The outline of the was then traced onto cellophane 
paper using a felt tip indelible marking pen. The areas of 
squamous and respiratory epithelium were recorded. These 
techniques have been fully described by Stell et al.'° 


The tracings of the larynges thus obtained were transferred to 
graph paper. This enabled the areas under study to be measured. 
These results were recorded and correlated with the animal's age. 


RESULTS 

It was found that the area of squamous epithe- 
lium inferior to the free margin of the vocal cord 
edge increased with age (table). Using the method 
of least squares, an r value for squamous epithelium 
in relation to age was obtained (r = +0.61, p = 
<§.05). No islands of squamous epithelium were 
seen in the respiratory epithelium-lined subglottic 
area. 


CONCLUSIONS 


The results show that in the group of animals 
studied, the area of squamous epithelium increases 
in size with advancing age. This appears to con- 
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AGE, SEX, AND SUBGLOTTIC SQUAMOUS 
EPITHELIALIZED AREA FOR EACH ANIMAL 


Area of Subglottic 
Squamous Epithelium 


Age (yr Sex sq mm 
4 M 10 
4 M 17 
4 M 10 
8 F 23 
8 F 30 
8 F 21 
13 F 8 
13 F 26 
13 F 13 
24 M 22 
24 M 32 
3l F 22 
31 F 27 
31 F 50 
n = 14,r = +0.6l, p = <0.05. 


tinue even after skeletal growth has ceased. It is in- 
teresting to note that Pautow'' in 1934 in a descrip- 
tive histological study stated that the laryngeal 
squamous epithelium increased with age, but did 


not support his statement with any data. 


These animals were free of many of the factors 
that might be expected to contribute to pathological 
metaplasia such as tobacco smoke or air pollution, 
although local factors such as local and pulmonary 
infection could not be excluded. The results tend to 
support, therefore, Kanthack’s’ suggestion that a 
physiological metaplasia is involved. Hopp’? in 
1955 stated that occasional islands of squamous epi- 
thelium are seen in the subglottic region in the adult 
human larynx, but that these were rare and due to 
pathological change. We did not note any islands of 
squamous epithelium in our specimens. This may 
have been due to a lack of a pathological stimulus. 


If one is able to draw any parallel with the 
human larynx, then the finding that the area of 
squamous epithelium beneath the free edge of the 
vocal cord increases in proportion to age may have 
importance in the staging of laryngeal tumors. 
These findings support Stell et al’s® contention that 
for staging purposes the glottis should include the 
area of squamous epithelium below the vocal cords. 
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Functional voice disorders result from vocal misuse or abuse; they are more easily recognized than other psychosomatic disorders be- 
cause the clinician is able to visualize the laryngeal structure and function. If those structures appear normal, then an aberration of voice 
quality can be assumed to be functional. Functional dysphonia with prolonged aberrant vocal usage may lead to development of secondary 
pathological lesions of the larynx, which, although true pathological entities, must be recognized as resulting from the underlying and pre- 
ceding functional disorder. In this report, we present a classification of and an approach to the diagnosis and treatment of functional voice 
disorders. On the basis of our clinical experience with 52 patients, we distinguished five types of functional voice disorders: type 1, 
hysterical aphonia/dysphonia; type 2, habituated hoarseness; type 3, falsetto voice; type 4, vocal abuse; and type 5, postoperative dys- 
phonia. Forty-eight of the 52 patients (92% ) were followed for a median period of 16 months (range 2-51 months). Therapy yielded ex- 
cellent results in patients with types 1, 2 and 3; good results with types 4 and 5. 


INTRODUCTION 


A voice disorder is termed “functional” when it is 
primarily due to abuse or misuse of the anatomical- 
ly and physiologically intact vocal apparatus. The 
underlying cause may be obscure or obvious, but 
prolonged abuse may result in the development of 
nodules, polyps, ulcers, or granulomas of the vocal 
cords. 


The purpose of this paper is to present a 
classification and approach to treatment of func- 
tional voice disorders. The proposed system aban- 
dons the use of terms such as hypokinetic and hyper- 
kinetic and focuses on the underlying mechanism 
and the clinical presentation. Although we present 
five clinically discrete groups (types), we have only 
limited data on some of the types and may not have 
identified other types or subtypes of voice disorders 
that can be termed truly functional. 


MATERIAL AND METHODS 


The medical records of 52 patients with a diagnosis of func- 
tional voice disorder were reviewed and yielded the data for this 
report. All patients were private patients seen by the senior author 
(JAK) from July 1978 through December 1981. 


There were 39 female and 13 male patients (female to male 
ratio, 3:1). Their median age was 42 years (range: 6-76 years); 
seven patients were younger than 16 years. The median duration 
of symptoms before the patients were seen was 7 months (range 
1-216 months); twelve patients (23%) had had a preceding bout 
of viral laryngitis. 


To have been diagnosed as having a functional voice disorder, a 
patient had to have had a poor voice and a normal mirror 
laryngoscopy or had to have demonstrated patterns of vocal abuse 
with associated secondary pathological lesions. Patients with 
unilateral lesions or a lesion attributed to smoking, or with altered 
laryngeal physiology due to trauma or systemic illness | specifical- 
ly, reflux esophagitis, thyroid disease, postinflammatcry polyps, 


and spastic dysphonia) were specifically excluded from the study 
group. The voice problems were classified into one of five types by 
the senior author (Table 1). The criteria for each classification 
were as follows: 


Type 1. Hysterical Aphonia/Dysphonia 


1. Onset: sudden. 
. Indirect laryngoscopy: normal. 
. Often associated with a discrete precipitating event. 
. No history of prior laryngitis. 
. Associated symptoms: none. 
. Voice quality: 
a. Aphonia or whisper. 
b. Pitch-locked (if any voice present). 
c. Stable dysfunction (not intermittent or fluctuant). 


o> Ot  C po 


Type 2. Habituated Hoarseness 


1. Onset: persistence of hoarseness (for months or years) usual- 
ly following an acute episode of laryngitis. 

2. Indirect laryngoscopy; normal (except for occasional plica 
ventricularis). 

3. Associated symptoms: none. 

4. Not associated with a discrete precipitating event but fre- 
quently associated with “secondary gain.” 

5. Voice quality: 
a. Breathy, raspy, diplophonia, plica ventricularis (or a 

combination). 

b. Pitch-locked. 
c. Stable dysfunction (not intermittent or fluctuant). 


Type 3. Falsetto 


1. Onset: developmental or sudden. 
2. Indirect laryngoscopy: normal. 
3. Associated symptoms: none. 
4. Voice quality: 
a. Abnormally high-pitched. 
b. Pitch-locked. 
c. Stable dysfunction (not intermittent or fluctuant). 


Type 4. Voice Abuse 


1. Onset: usually long-standing, intermittent or fluctuant 
dysphonia. 
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2. Vocal abuse resulting from: 
a. Overuse. 
b. Pitching the voice abnormally low. 
c. Abnormal muscular tension in the larynx and neck 
muscles. 
d. Any combination thereof. 
3. Indirect laryngoscopy: normal or associated with “secon- 
dary” vocal nodules, polyps, ulcers, or granulomas. 
4. Associated symptoms: throat pain coincident with the 
dysphonia (worse after voice strain). 
5. Voice quality: 
a. Variable dysphonia. 
b. Hard glottal attack. 
c. Not pitch-locked. 
d. Intermittent and/or fluctuant dysfunction. 


Type 5. Postoperative Dysphonia 


l. Onset: severe dysphonia secondary to vocal abuse after 
operation. 

2. Indirect laryngoscopy: normal or plica ventricularis, ulcers, 
or granulomas. 

3. Associated symptoms: throat pain coincident with dys- 
phonia (worse after voice strain). 

4. Voice quality: 
a. Variable dysphonia. 
b. Hard glottal attack. 
c. Not pitch-locked. 
d. Frequent plica ventricularis. 


All patients had undergone a complete otolaryngological ex- 
amination and 40 patients had been evaluated by a speech 
pathologist. Eight of the patients underwent a neuropsychological 
evaluation which included an interview with a trained 
psychologist and a Minnesota Multiphasic Personality Inventory 
(MMPI). A neuropsychological evaluation was carried out in 
selected cases, both for research as well as for clinical purposes. 
(Such an evaluation may not be necessary for most patients with 
functional voice disorders; rather, referral to a psychologist or 
psychiatrist may suffice when referral is indicated.) 


Treatment consisted of voice therapy alone in 67% of pa- 
tients, voice therapy and operation in 17%, and voice therapy 
and psychiatric therapy in 6%. Five patients (10%) had been 
counseled but had received no formal therapy; it had not been 
recommended for 2 patients, and had been refused by 3 patients. 
The therapeutic procedures employed are discussed later. 


Follow-up examinations of all 52 patients were carried out 
by the authors. “Late” follow-up (in March 1982) was also ob- 
tained by telephone interviews with 48 of the patients (92%). The 
results were judged by the authors as follows: excellent — voice 
normal without recurrent episodes of aphonia or dysphonia dur- 
ing the follow-up period; good — voice usually normal, but re- 
lapse occurred at least once during the follow-up period; poor — 
voice unimproved or improved but still poor. 


Statistics. Due to the small sample size, medians and ranges 
rather than means were used. Statistical significance of the ob- 
served differences in the results of treatment in patients with type 
1, 2, 4 and 5 disorders and type 4 subgroups was computed using 
the chi-square and ANOVA methods. 


RESULTS 


Hysterical aphonia/dysphonia (Type 1). Four 
female patients and one male patient (10% ) had ex- 
hibited hysterical conversion reactions. Each pre- 
sented with a sudden loss of voice: two were aphon- 
ic and three whispered softly. In all, the vocal loss 
was stable and not fluctuant, and the dysphonia (if 
a voice was present) was “pitch-locked.” The me- 
dian duration of symptoms before presentation was 
two months (range: 0.5-17 months). 


TABLE 1. CLASSIFICATION OF FUNCTIONAL 
VOICE DISORDERS 


% of Patients 


Type Disorder (n = 52) 
l Hysterical aphonia/dysphonia 10 
2 Habituated hoarseness 28 
3 Falsetto voice 2 
4 Vocal abuse* 52 
5 Postoperative dysphonia* 8 


*Only type 4 and 5 disorders are associated with pathological abnor- 
malities of the larynx. Lesions were present in 60% of the type 4 patients 
(nodules — I3, polyps — 3, granulomas — 1) and lesions (nodules) were 
present in one type 5 patient (20%). These 18 cases represented 35% of the 
52 patients. 


with voice therapy during the initial visit in four 
patients, and after two therapy sessions in the fifth 
patient. Neuropsychiatric evaluation including MMPI 
was recommended to each of these patients, but on- 
ly one patient agreed to be tested (a 45-year-old 
male with multiple somatic complaints and severe 
dysphoria; MMPI results showed elevated scales 1, 
3, and & consistent with the diagnosis of hysteria). 


The four female patients have remained asymp- 
tomatic with normal voices (median follow-up per- 
iod: 16 months; range: 3-34 months). The male pa- 
tient continues to have occasional relapses, and psy- 
chiatric therapy is in progress. 


Habituated Hoarseness (Type 2). Thirteen female 
and two male patients (28 % ) were classified as hav- 
ing habituated hoarseness. The female to male ratio 
in this group was twice that of the overall group 
(6.5:1). The median age was 38.7 years (range: 
14-76 years); the median duration of symptoms at 
presentation was 11 months (range: 2-24 months). 
In 12 of the 15 patients (80%), the dysphonia had 
begun with a bout of viral laryngitis. Three patients 
who denied having had laryngitis were included in 
this group because of the chronicity of their hoarse- 
ness anc because, in all other respects, they resem- 
bled type 2 patients. 


Indirect laryngoscopy had yielded normal find- 
ings in 10 patients; 3 patients had had false vocal 
cord voice and 2 had had mild Renke’s edema. 


Voice therapy and counseling were the only 
forms of therapy employed in this group. All 15 pa- 
tients regained a completely normal voice, 12 (80% ) 
doing so on the initial visit. Neuropsychological 
evaluation with counseling was suggested for three 
patients: however, only one patient was actually 
evaluated. Only 1 of the 15 patients has had recur- 
rence of her hoarseness (median follow-up period: 
16 months; range: 1-50 months). 


Falsette Voice (Type 3). Only one patient fell in- 
to this category, a 53-year-old female who had sud- 
denly developed an abnormally high voice one year 
before we saw her. Her voice was restored with 
voice therapy, and she was referred for psychologi- 
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TABLE 2. TYPE 4 RESULTS OF TREATMENT 
ACCORDING TO SUBTYPE AND SEX 


Results 
Excellent Good Poor 

— MOOR POOF 
TFS 

M 3/7 (44%) 2/7 (28%) 2/7 (28% ) 

F 4/5 (80%) 1/5 (20%) =a 
Nodules 

M 1/2 (50%) = 1/2 (50%) 

F 5/10 (50%) 3/10(30 % ) 2/10 (20%) 
Polyps 

F 1/3 (33%) 2/3 (67%) _ 
Granuloma 

M 1/1 (100% ) = _ 


TFS - Tension-fatigue syndrome. 


psychological evaluation had revealed a high psy- 
chosomatic score and possible impending psychol- 
ogical decompensation. Her voice is normal at 
o-months follow-up. 


Voice Abuse (Type 4). Of the 52 patients, 27 
(52%) were classified as vocal abusers. The female 
to male ratio was 1.7:1. Sixteen (60%) had devel- 
oped vocal nodules, polyps, or granulomas, and the 
remaining 11 (40%), who had had normal mirror 
laryngoscopic examinations, were classified as hav- 
ing musculoskeletal tension disorders, hereafter re- 
ferred to as “tension fatigue syndrome.” All nine of 
the patients in the entire study group who used their 
voices professionally were in this type 4 group. The 
median duration of symptoms for these 27 patients 
was 18 months (range: 2-216 months). 


The results of treatment according to subclass 
and sex are shown in Table 2. Follow-up ranged 
from 1 to 38 months (median: 17 months). The best 
results were obtained in women with tension fa- 
tigue syndrome; the worst results in men with ten- 
sion fatigue syndrome. However, the 5 patients 
with poor results had received no treatment (2 
males with tension fatigue syndrome and | female 
with nodules had refused therapy, and no therapy 
was recommended for 2 children with nodules), 


A chi-square test of the differences observed in re- 
sults between male and female patients as well as 
between the subclasses revealed that none was sta- 
tistically significant. 


The nine patients in the entire series who were 
treated surgically all had type 4 disorders Al] were 
women, three of whom had polyps and six of whom 
had nodules. The final results of operation were ex- 
cellent in six patients (67%) and good in three pa- 
tients (33%). (Of the 9 patients treated surgically 
by one of the authors, 3 developed transient postop- 
erative plica ventricularis, which was responsive to 
voice therapy in every Case). 


The overall results for type 4 subjects were: ex- 
cellent — 56% ; good — 26%: and poor — 18%. 


Postoperative Dysphonia (Type 5). Four patients 
had presented with severe dysphonia following op- 


erations at other institutions: bilateral vocal cord 
stripping in three patients, unilateral vocal cord 
stripping in one patient. One of the 4 had had se- 
vere dysphonia of the tension fatigue syndrome 
type; l, a child, had developed recurrent nodules 
within six months of operation: and the other 2 pa- 
tients employed a false vocal cord voice. The me- 
dian duration of symptoms before presentation was 
three months (range: 1-6 months). Combining these 
four patients who had presented with type 5 dis- 
orders with the four type 4 patients who had devel- 
oped type 5 disorders after operative treatment pro- 
vided a group comprising 15% of the study popula- 
tion. 


In this group, 5 of the 8 patients (63%) employed 
false vocal cord voices postoperatively. Late follow- 
up of those eight patients showed 50% with excel- 
lent results, 25% with good results, and 25% with 
poor results. The median follow-up period was 12 
months (range: 6-28 months). These results are sim- 
ilar to the results observed in type 4 dysphonias. 


Neuropsychological Evaluation. Four patients 
from group 4 and one patient each from the other 
groups had neuropsychological evaluations. The 
MMPI was interpreted as “psychosomatic” (classic 
conversion “V”; elevated 1, 3 scales) for 6 of the 8 
patients, while two of the scores were normal. Eval- 
uations suggested psychiatric disturbances in three 
patients (for which psychiatric referral was made); 
none of the patients were psychotic. 


The neuropsychological evaluations were recom- 
mended for the few patients (15%) who were felt to 
be unresponsive to voice therapy due to psycholog- 
ical factors and for patients who seemed to display 
obvious psychopathological behavior. Further study 
is needed to clarify the contributing psychological 
factors in order to achieve a better understanding of 
the most effective therapeutic approach. 


Comparative Results of Treatment: Types 1-5. 
The results of treatment for each type suggest that 
the overall prognosis in the functional voice dis- 
orders is dependent upon the presence or absence of 
pathological lesions of the larynx (Table 3). A statis- 
tical analysis of the differences in results of the in- 
dividual types was not possible due to the small 
numbers in some of the groups. However, when the 
“non-lesion types” (types 1, 2. and 3) were grouped 
and compared with the grouped “lesion types” 
(types 4 and 5), the difference in the results of 
therapy was significant at a p<.01 level. 


DISCUSSION 


Arnold and Pinto,' Arnold? and Aronson* have 
contributed toward the classification of functional 
voice disorders; however, no unifying classification 
has been presented in the medical literature, despite 
the available data on many such disorders. Hysteri- 
cal mutism, aphonia and dysphonia, for example, 
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TABLE 3. FUNCTIONAL VOICE DISORDERS: 
RESULTS BY TYPES (1-5) 
Dee 


Results 
Type Excellent (% Good (% Poer (% 
l 415 (80%) 1/5 (20%) si 
2 12/13 (92%) 1/13 (8%) — 
3 1/1 (100%) - = 
4 15/27 (56%) 7/27 (26%) 5/27 (18%) 
5 1/4 (25%) 1/4 (25%) 2/4 (50%) 
*4/8 (50%) "2/8 (25%) 2/8 (25%) 


*Type 5 results including four type 4 patients who also had developed 
postoperative dysphonia. 


are well-described?” and are easily recognized, but 
are considered to be clinically discrete disorders. 
Polyps, nodules, contact ulcers, and granulomas, 
all well-known sequelae of vocal abuse, tend to be 
reported as separate entities rather than together as 
a single group.® ° Indeed, all the components of the 
classification presented here are well-known, but 
are seldom considered in the context of a common 
etiology. 


Hysterical Aphonia/Dysphonia (Type 1). Carter® 
studied 100 cases of hysterical conversion reaction, 
excluding cases with diffuse or complicated symp- 
toms, and noted that aphonia was, indeed, the most 
common conversion symptom (29%). In his series, 
70% of patients were females, and while initial 
therapy successfully restored the voice in 100% of 
patients, follow-up of 27 patients 4 to 6 years later 
showed that only 68% had maintained a restored 
voice; 28% were improved; and 4% were unim- 
proved. However, Carter concluded that “aysteri- 
cal aphonia by itself is a symptom of only mild men- 
tal disassociation and has a very good prognosis.” 


Habituated Hoarseness (Type 2). In Carter’s ser- 
ies of patients with hysterical conversion reactions, 
many had aphonia following viral laryngitis.” Aron- 
son has also suggested that “conversion aphonias 
and dysphonias are often triggered by cold or flu 
and associated laryngitis.”* However, it is useful to 
separate the true hysterical conversion reaction 
from postviral chronic hoarseness: first, because 
more significant psychopathology may be associ- 
ated with the true conversion reactions; second, be- 
cause the long-term prognosis is probably be-ter for 
the patient with postviral chronic hoarseness; and 
third, because the underlying cause is different for 
each group. In conversion reactions, the hysterical 
symptom (aphonia) is unconsciously selected and is 
usually of symbolic significance.*’ In postviral 
habituated hoarseness, on the other hand, the pa- 
tient has simply made a chronic adaptation to an 
acute dysfunction, usually with some secondary 
gain. 


Falsetto Voice (Type 3). Falsetto voice is uncom- 
mon, but is easily recognized. The larynx appears 
normal but the voice is disproportionately and inap- 
propriately high-pitched. Correction is almost uni- 


formly achieved by suggestion and reassurance. 


It is likely that patients with falsetto voice can be 
divided into two subcategories. The first includes 
adolescents with preadolescent voices (mutational 
falsetto), and the second includes adults with acute 
onset falsetto (probably representing hysterical con- 
version reactions). 


Vocal Abuse (Type 4). Unlike the first three types 
discussed which are associated with vocal misuse, 
this type is associated with functional abuse. Type 4 
patients are prone to developing vocal nodules, 
polyps, ulcers, granulomas and lesions unassociated 
with the other functional types. 


Other vocal abusers experience intermittent ten- 
sion, fatigue, hoarseness and throat pain (the ten- 
sion fatigue syndrome) without producing histopa- 
thological changes in the larynx. Patients in this 
group seem to be exclusively adult and are predom- 
inantly male. They are frequently ambitious, ag- 
gressive, hard-driving persons, and some are overly 
masculine, employing a fundamental voice pitch 
that is excessively low.* Our data and that in the 
literature suggest that tension-fatigue syndrome is 
the only functional voice disorder other than 
screamer’s nodules that is more common in male pa- 
tients. While type 4 females may develop tension- 
fatigue syndrome, they seem more prone to devel- 
oping nodules or polyps. Children who abuse their 
voices are most prone to develop nodules. 


Postoperative Dysphonia (Type 5). Some patients 
who undergo an endolaryngeal operation return to 
the surgeon’s office for follow-up with severe 
dysphonia. These patients demonstrate a violent 
glottal attack, which represents a vain attempt to 
produce a normal voice. Some may speak with a 
false vocal cord voice or may even have developed 
postoperative ulcers or granulomas of the vocal 
cords. (We do not consider false vocal cord voice a 
distinct disorder type, even though 8 of the 52 pa- 
tients (15%) in this series presented with or devel- 
oped false vocal cord voice. Five of the 8 patients 
had developed postoperative plica ventricularis and 
3 had had postviral laryngitis. Arnold’ suggested 
that false vocal cord voice was a secondary form of 
“laryngitis” resulting from a primary vocal dis- 
order. The data from this study also suggest that 
false vocal cord voice may simply be a compen- 
satory mechanism associated with painful speaking, 
and that habituation is common. False vocal cord 
voice may, therefore, represent a symptom only and 
not a disorder entity.) 


Postoperative dysphonia seems to occur in pa- 
tients who either are not adequately prepared pre- 
operatively or are noncompliant with postoperative 
voice conservation measures. Thus we believe that 
the incidence of postoperative dysphonias may be 
reduced by preoperative vocal reeducation of cer- 
tain surgical patients. 


i 
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Approach to Patients with Functional Voice Dis- 
orders. In laryngology, when the voice is dis>ropor- 
tionately poor compared to the laryngeal findings, a 
functional voice disorder should be suspected. Since 
prompt voice restoration is the best confirmation of 
the diagnosis, the clinician should proceed with 
therapy as soon as the diagnosis is made, and avoid 
labeling the patient as psychosomatic, even though 
that may be the case. Since most patients seem to 
accept the concept that dysfunction may be the re- 
sult of stress, the clinician should suggest it. Such an 
explanation serves three purposes: First, the patient 
is reassured that many. normal persons have func- 
tional problems; second, the clinician suggests that 
he or she is willing to hélp; and third, the clinician 
implies-that the. patient will have a role in the 
therapeutic process. 


. Prompt vocal restoration may be achieved through 
techniques that encourage the patient to use any 


- other voice, eg; :falsetto;: the clinician thea works 


with the patient ‘to‘extend incrementally the phona- 
tory signal until:a normal voice is achieved (asking 
the patient to cough, 'to clear. his or her throat, or to 
meow. like. a kitten are effective maneuvers). If the 


i clinician:i is successful in reestablishing the patient's 
.vplées he. or shé-should still refer the patiznt to a 
k ‘speech: pathologist, who can reinforce th= initial 
| success. When‘the clinician is unsuccessful, he or 
>*she must be careful not to risk alienating the patient 
by expressing displeasure in the patient’s response. 


‘The speech pathologist employs relaxation tech- 


— niques: such as deep abdominal breathing, and re- 
‘peats those methods already tried by the ctolaryn- 
| gologist: Biofeedback is another useful tool in the 


‘treatment. of functional voice disorders, and a 


‘Vocal-2 Visible Training System or F undamental 


. .: Frequency Indicator may be employed. In resistant 


cases, a portable audiometer can be used to-produce 
white noise masking. 


“Type 4 patients vary widely in terms of age, occu- 


- pation, duration of symptoms, and mocivation. 


Voice therapy remains the cornerstone of treat- 
ment, but the proportion of noncompliant patients 
resistant to such therapy is notably higher in this 
group than in the others. 


Voice therapy techniques for type 4 patients are 
similar to those used in type 1, type 2, and type 3 
patients, with the exception that the primary focus 
is on reducing or eliminating vocal abuse. Tech- 
niques toward this end include charting Focal be- 
havior on a daily basis and voice taping -or play- 


back purposes, which are important because they 
reinforce the patient’s awareness of normal versus 
abusive vocal patterns. Relaxation exercises and ef- 
ficient use of the breath stream are also emphasized. 


Postoperative dysphonia (type 5) patients may 
represent a special variety of type 4 patients. Post- 
operative dysphonia patients tend to be hostile and 
are poorly motivated. They are inclined to blame 
the surgeon for the poor result if not preoperatively 
counseled, and they may be resistant to therapy. 


Routine preoperative voice therapy may be indi- 
cated for every vocal abuse patient with a surgical 
lesion. The patient should be forewarned that a 
hard glottal attack or any vocal abuse in the post- 
operative period may result in severe dysphonia and 
possibly even lead to the development of new le- 
sions. 


Patient motivation is the key to a successful ther- 
apeutic outcome in the functional voice disorders, 
and some patients with functional voice disorders 
may actually prefer dysphonia to a normal voice. 
This preference is especially common in those who 
use their voices professionally. Some use a “charac- 
ter” voice; in others (the late Louis Armstrong, for 
example), vocal abuse had led to the development 
of a uniquely individual voice quality. Patient 
motivation should therefore be evaluated in each 
case before formulation of a treatment plan. 


Neither our experience nor that reported in the 
medical literature suggests the need for routine 
psychiatric therapy in patients with functional 
voice disorders. Such referral should be made 
whenever failure of treatment is thought to be due 
to psychological factors, or whenever a significant 
psychopathological condition is suspected. 


CONCLUSIONS 


1. A functional voice disorder should be suspected 
whenever a patient’s dysphonia seems out of pro- 
portion to the laryngeal findings. 

2. Chronic (habituated) hoarseness resulting 
from an acute viral laryngitis may be a discrete 
functional syndrome with an excellent prognosis. 

3. Hysterical aphonia, habituated hoarseness and 
falsetto voice are more easily treated than the vocal 
abuse and postoperative dysphonia syndromes. 

4. Voice therapy is essential for patients with 
functional voice disorders and particularly preoper- 
atively for vocal abusers with surgical lesions. 
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PATHOGENESIS OF VOCAL CORD POLYPS 


OSEAR KLEINSASSER, MD 


MARBURG, WEST GERMANY 


Polyps of the vocal cords are a separate entity occurring nowhere else in the larynx or in the human body. Gelatinous and telangiectat- 

ic, but mainly transitional types of polyps can be discriminated. Histological, histochemical and electron microscopic investigations on a 
series of polyps show that an alteration of the permeabfiity of blood vessels may be of importance, allowing the extravasation of edema 
fluid, fibrin or erythrocytes. Following this, reactive processes develop with the formation of labyrinthine vascular spaces. This process is 
very similar to the organization of a thrombus. Since po yps occur mainly in people who use their voices very intensively, and develop at 
the site of maximum muscular and aerodynamic forces exerted during phonation, vocal cord polyps are considered a sequela of a phono- 


trauma. 


Polyps of thie ieee oie are by far the most com- 
mom, benign ‘lesions,of the larynx. Polyps are a 
separate entity. which can ‘be discriminated easily 
: from other forms of sa- called laryngeal nodules; for 
instance, ‘the .true singer's nodules’ occurzing in 
“ women only, ‘the screarier’s nodules in children of 
both sexes,‘and the. polypoid corditis or Reinke 
edema.. True ‘polyps arise only on the vocel cords 
and in no ‘other part-of the larynx. Neither can 
polyps.or analogous or-even similar lesions b2 found 
c anywhere else in the haman body. 


Ina series of | 00 vocal cord polyps which were 
.. Temaved: ‘by endolaryngeal microsurgery at the 


ewes Clinic-of Otolaryngology and Head and Neck Sur- 


. ‘gery of the University. of Marburg 76% of the pa- 

_ tients were malés and 24% females. Most of the pa- 
tients. were between 30 and’ 50 years of age — the 
men averaged 40, ‘the women 38 years; none of the 
patients were younger than 20 years of age. Of all 
‘these patients, 80-90% were smokers. Many of 
them reported that they had used or abused their 
. voices professionally or habitually. Ten percent of 
the polyps were multiple and bilateral; 5% were 
multiple and unilateral. 


' -Microlaryngoscopically two extreme types can be 
recognized: one of these is the glassy translucent 
gelatinous form; the second is the telanziectatic 
polyp. In some early lesions of the telanziectatic 
type a blister or convolute of capillaries can be seen. 
In more advanced forms there appear g-ape- or 
even raspberry-like convolutes of blooc vessels 
which become more and more pedunculated. But 
most common are transitional forms with € nucleus 
of tortuous vessels embedded in a gelatinous sub- 
stance covered by squamous epithelium. 


Polyps have been called products of inflamma- 
tion, allergic or immunologic processes or the 
results of trauma. Since none of these theories ap- 


peared plausible, we performed histological and 
histochemical investigations on a series of 100 con- 
secutive vocal cord polyps. In addition, with the as- 
sistance of Professors H. Frenzel and W. Hort (In- 
stitute of Pathology, University of Düsseldorf), ten 
additional polyps were examined by electron micro- 
scopy." 

In the polyps which appear gelatinous macro- 
scopically and histologically the stroma is very loose 
and edematous (Fig. 1A). Between the sparse colla- 
gen fibers lie blood vessels which have mostly a nar- 
row lumen and relatively thick walls. Often cell- 
free sinus-like spaces lined with endothelial cells 
develop; in other areas within the stroma lake-like 
areas filled with a slightly basophilic fluid appear 
(Fig. 2 A), condensating sometimes to plaques of an 
eosinophilic material (Fig. 2B). 

Some of the telangiectatic polyps are tightly filled 
with a dense nearly homogenous eosinophilic ma- 
terial around irregularly arranged vascular spaces. 
Most common are mixed forms consisting of a vas- 
cular nucleus surrounded by loose fluid-rich tissue 
(Fig. 1C). 

Going further into the details of this vascular nu- 
cleus we find the deposits of the eosinophilic mater- 
ials primarily around the walls of the vascular 
spaces, arranged either in larger or multiple small 
plaques. These eosinophilic deposits sometimes ap- 
pear to be penetrated or organized by newly devel- 
oping vascular sinuses. In this way some pictures re- 
mind one of a vascular labyrinth or even a renal 
glomerulus (Fig. 3A, B). These vascular labyrinths 
are lined with endothelial cells. In some cases bud- 
like endothelial proliferations and newly formed 
vessels show that the organization of these deposits 
is a very active process (Fig. 4A, B). 


By histochemistry and electronmicroscopy we 
could identify these deposits as fibrin.’ We were 
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especially interested in the vascular walls. In the 
gelatinous polyps the blood vessels were largely 
identical to the blood vessels of the normal vocal 
cords. Only seldom could a small gap be found be- 
tween neighboring endothelial cells. Tae outer 
layers of the basal membrane were irregular and 
often incomplete, and mixed with the delicate col- 
lagen fibers of the loose stroma. Thereby the im- 
pression is given of a relatively thick vessel wall. In 
the telangiectatic parts of a polyp we often found 
gaps in the vascular walls permitting the extravasa- 
tion of erythrocytes. 


Summarizing the results of the morphological in- 





Fig. 1. k, Gelatinous t of vocal cord 

olyp. Polyp is filled with edema fluid in 
ba stroma, with several dilated vessels in 
right part. B) “Nucleus” of these telan- 
giectatic polyps consisting of dense eosino- 
philic material and dilated vascular spaces. 
C) Most common “mixed type” vocal cord 
polvp containing vascular spaces of different 
configuration, deposits of dense eosinophilic 
material with edema. (x25) 


vestigations our interpretation of the pathogenesis 
of vocal cord polyps is as follows. In the beginning 
of the process damage to the walls of the submucous 
capillaries of the vocal cords takes place. Coiled 
vessels and sinusoid vessels can appear. Depending 
on the extent of the damage an increased permea- 
bility of the vascular walls develops. Either a thin 
fluid permeates or a compact fibrin insudation 
emerges. 


The reaction of this fibrin precipitation on the 
neighboring blood vessels and the connective tissue 
leads finally to a vascularization of the fissures be- 
tween the fibers of the fibrin deposits. These pic- 
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Fig. 2. A) Exudation of a thin fluid in a gelatinous polyp. B) In another case within the mucoid material more dense eosino- 


philic deposits appear which could be identified as fibrin. (x100) 


tures are very similar to the organizatior of a 
thrombus. Gaps in the endothelial-lined sinus-like 
blood vessels cause the further efflux and the deposi- 
tion of more blood constituents, and allow -he in- 
crease in size of a polyp. Gelatinous and telengiec- 
tatic polyps have presumably the same formal gene- 
sis, since the slimy edema and the fibrinous secre- 
tions obviously are only expressions of a different 
permeability of the vascular walls. 


Coming back from histopathogenesis to clinical 
observations: polyps develop with few exceptions on 
the middle of the surface of the vocal muscle. This is 
the place where the maximal aerodynamic and mus- 
cular forces hit one another during phonation, and 
most of our patients report an intensive use of their 
voices. Etiologically the human vocal cord polyps 
therefore could be considered as the results of a pho- 
notrauma. 





Fig. 3. A) Glomerulus-like labyrinth which develops during organization of a fibrin deposit (x80). B) Sponge-like labyrinth 
of vascular spaces lined with endothelial cells im the process of organization of a fibrin deposit (x400). 
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Fig. 4. A) Bud-like endothelial proliferations as a part of the organizatiomprocess (x100). B) Newly formed vascular spaces in 
latinous polyp (x200). 
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ENDOSCOPIC REHABILITATION OF THE AIRWAY 
IN LARYNGEAL PARALYSIS 


FERNANDO R. KIRCHNER, MD, FACS 


KANSAS CITY, KANSAS 


This paper deals with the three most commonly encountered laryn 
ralysis. These problems are compromised airway secondary to excessive 


posterior commissure laryngeal webs, 


The dissecting microscope plus the use of focal 
heat, whether applied by the microcautery'*< or the 
laser beam, for surgical purposes has greatly ex- 
panded the field of endoscopic surgery. This report 
is based on two observations previously reported by 
the author. 1) The anatomical compartment oc- 
cupied by the thyroarytenoid muscles may be surgi- 
cally used to enlarge the airway by removing the 
fibers of this muscle and lateralizing the vocal liga- 
ment. 2) The posterior commissure is an important 
part of the airway since the arytenoids constitute 
about one fourth to one third of the anterior poster- 
ior diameter of the glottic aperture. 


The purpose of this presentation is to describe 
three simple endoscopic techniques that have been 
used and the results that have been obtainec in the 
rehabilitation of the airway in patients with 1) uni- 
lateral adductor paralysis with compromised air- 
ways secondary to excessive injections of Teflon; 2) 
bilateral abductor paralysis of the vocal ccrds: 3) 
revision surgery after arytenoidectomies that fail to 
produce adequate airway because of the formation 
of posterior commissure web. 


EXCESSIVE INJECTION OF TEFLON 


Teflon particles suspended in glycerin when in- 
jected in adequate amount into the thyroarvtenoid 
muscle produce an indolent and stable granuloma.° 
This technique has been widely used as an augmen- 
tation procedure to accomplish the medial d:splace- 
ment of a laterally paralyzed vocal cord to improve 
voice and cough. Variable degrees of airway ob- 
struction ensue, however, when the amount of Tef- 
lon is grossly increased and the site of injection im- 
properly selected. 


In the past several years 1] patients with airway 
obstruction after Teflon injection, including 2 with 
indwelling tracheostomies, have been successfully 
rehabilitated using the microcautery and simple en- 
doscopic approaches. The anatomical distortion en- 
countered in most of them has been either exophytic 


geal problems that are related directly or indirectly to laryngeal pa- 
injection of Teflon paste, abductor paralysis of the vocal cords and 


bulges or large intramural distortion producing im- 
brication of one cord upon the other or a combina- 
tion of these two forms. 


While the simple excision of the exophytic bulge 
with the microcautery was sufficient to rehabilitate 
the first group of patients, it required the excision of 
a block of infiltrated tissue and drainage to produce 
the improvement in the second group of patients. 


LATERALIZATION OF VOCAL CORDS 


The technique of lateralization of vocal cords has 
been used in 22 patients with bilateral abductor 
cord paralysis. All of these procedures were carried 
out with the aid of the microcautery, using routine 
endoscopic approaches, 


The treatment consisted in the segmental remov- 
al of the thyroarytenoid muscle fibers adjacent to 
vocal ligament down to the conus elasticus medially 
and the thyroid cartilage laterally (Fig. 1A, B). This 
surgical excision is easily carried out with micro- 
cautery. The resultant surgical defect is then closed 
after lateralizing the vocal cord by means of two 
sutures of No. 2 Prolene that are introduced into the 
endolarynx above and below the vocal ligament 
through the lumen of two hypodermic needles (Fig. 
IC). The splicing of these two sutures is always per- 
formed on the outside after extracting them from 
the endolarynx through the laryngoscope with the 
aid of a laryngeal alligator forceps. Adequate ten- 
sion adjustments of these sutures on the surface of 
the neck are very important to prevent the sutures 
from injuring the laterally displaced vocal liga- 
ment. This adjustment and permanent fixation is 
easily accomplished by crimping lead sinkers 
around these sutures upon a padded button. Occa- 
sionally it is necessary to resect with a cup forceps 
an outstanding vocal process when this portion of 
the arytenoids protrudes into the airway after the 
vocal ligament has been lateralized. Three weeks 
later the stitch is removed via direct laryngoscopy. 
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Fig. 1. A) Longitudinal section of larynx demonstrating the com 


Experience gained with these 22 patients has 
demonstrated that in order to produce a functional 
airway two requisites are necessary: first, laterali- 
zation of the vocal ligament of at least 5 mm, and in 
addition an anterior posterior diameter of the glot- 
tic opening, in the adult, of no less than 22-27 mm 
in length. 


It is important to mention that the voice quality 
of these 22 patients changed to a more whispery 
coarse type after the lateralization of the vocal liga- 
ment was achieved. All of them, however, preferred 
this change rather than the alternative of chronic 
glottic obstruction or the inconveniences of wearing 
a tracheostomy tube. 


REVISION SURGERY AFTER ARYTENOIDECTOMY 


The following revision procedures have been suc- 
cessfully used in six patients whose airways re- 
mained impaired in spite of arytenoidectomies. The 
cause of failure of these initial procedures was 
found to be produced by a posterior cicatricial web 
that reduced by about one third the anterior poster- 


artment occupied by the thyroarytenoid muscle. B) In the 
lateralization of the vocal ligament a wedge of thyroarytenoid muscle is removed with the microcautery. C) Closure of the defect 
produced is accomplished with two sutures introduced into the larynx through lumen of hypodermic needles. 


ior diameter of the airway in spite of an apparent 
adequate lateralization of the vocal cord. In three 
of these patients the reconstitution of the posterior 
commissure was accomplished in a rather simple 
fashion since the web obliteration yielded to a 
linear incision with minimal epithelial denudation. 
To avoid reformation of the web, however, a piece 
of reinferced Silastic sheeting was inserted into the 
surgical crevice and held in place by two parallel 
sutures, introduced into the larynx by two transfix- 
ion sutures using Keith needles from the right sur- 
face of the neck to the left surface with endoscopic 
guidance and visualization. 


In the remaining three patients the scarred tissue 
was found to be broader and thicker in nature and, 
therefore, a wider incision became mandatory. A 
split-thickness skin graft was coadapted to the 
Silastic sheeting in order to provide the necessary 
epithelia! coverage because of the extension of the 
epithelial denudation, which, when measuring the 
two surfaces, amounted to more than one square 
centimeter. The sutures and Silastic sheeting were 
removed six weeks later. 
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Stenosis of the larynx and/or trachea presents perplexing problems. No one technique has proved totally satisfactory in the manage- 
ment of all varieties of stenosis. Recent reports have described the successful use of the CO, laser in the endoscopic management of stenosis 
of the larynx and trachea. Failures of this technique need emphasis to assure appropriate selection of therapeutic method. Retrospectively, 
49 cases of laryngeal stenosis, 6 cases of tracheal stenosis and 5 cases of combined laryngeal and tracheal stenosis were studied (total 60 pa- 
tients) following treatment at the Boston University Affiliated Hospitals. Follow-up ranged from 1 to 8 years. Multiple procedures were re- 
quired in 35 laryngeal patients. Of the laryngeal patients 39 were successfully managed (average number of procedures in successful cases 
2.18). Of 11 tracheal patients with combined laryngeal and tracheal procedures, 3 were successfully managed (average number of pro- 
cedures in successful cases 6). Failures in laryngeal stemosis included four patients in whom an adequate airway was not established though 
voice was present while maintaining tracheostomies. Thirteen patients failing endoscopic management required open surgery with good 
result. Factors associated with poor result or failure include circumferential scarring with cicatricial contracture, scarring wider than 1 cm 
in vertical dimension, tracheomalacia and loss of cartilage, previous history of severe bacterial infection associated with tracheostomy, and 
posterior laryngeal inlet scarring with arytenoid fixation. In these circumstances, multiple procedures, more extensive alternative open 
surgical techniques, or maintenance of tracheostomy were necessary. In successful cases only three or fewer procedures on average were re- 
quired. The factors associated with failure or success of endoscopic methods in the management of laryngotracheal stenosis, including use 
of the CO, laser and soft Silastic stents, are analyzed. 


INTRODUCTION hospitalization. Open surgical methods involve ex- 
cision of stenotic lesions followed by reconstruction, 
but require perhaps greater costs in time and re- 
sources, with greater potential morbidity. Both 
methods can be effective if used properly. 


Stenosis of the larynx and trachea can present 
perplexing problems. While not new, these clinical 
entities now most often result from different causes 
than previously. Caustic ingestions are far less fre- 


quent, and the infectious diseases associated with In an effort to understand what factors may be 
stenosis are now infrequent. New knowledge of associated with the successful use of endoscopic 
physiology and advances in applied technology methods in the management of laryngeal and tra- 
have allowed prolonged life-support efforts with ar- cheal stenosis, we undertook a study of a series of 
tificial ventilatory support mechanisms. These cases managed endoscopically. Specifically, the fac- 
methods, unfortunately, are sometimes associated tors which appeared associated with failure were 
with subsequent laryngeal and tracheal stenosis sought. 

following airway trauma. High speed mctor vehicle 

accidents produce crushing injuries to airway struc- MATERIALS AND METHODS 


tures. New surgical techniques, such as cryosurgery 


e e P s i i i i ] R 
and the laser, if used inappropriat ely, wathout ade- Sixty patients undergoing endoscopic treatment for laryngeal 


tracheal or combined laryngotracheal stenosis between 1974 and 


quate skill or precautions, may severely injure air- 1981 at Boston University Affiliated Hospitals and whose records 
way structures. were available for review were subjected to retrospective analysis. 
Follow-up was from 1 to 8 years. The patients’ ages ranged from 

Whatever the cause, the clinical problems are the two months to 72 years. The series included 49 cases of laryngeal 
same. The surgeon facing them must select the most stenosis, 6 cases of tracheal stenosis and 5 cases of combined 
effective method, but on what factors should he laryngeal and tracheal stenosis. Laryngeal stenosis cases were fur- 


ther classified into supraglottic (6 cases), glottic (12 cases), and 


base his decision? subglottic stenosis (31 cases) for analysis. 


The methods available for the surgeon’s selection Of the 6 supraglottic stenosis patients, 4 followed supraglottic 
are of two general categories. Endoscodic methods laryngectomy, 1 developed with Crohn’s disease, and 1 followed 
include traditional dilatation and newer techniques blunt trauma. 
utilizing stents and laser excision of stenotic ar eas, Glottic stenosis was present in 12 patients and resulted from en- 
all having the advantage of lessened morbidity and dolaryngeal intubation in 5. Congenital webs were present in two 
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SUCCESSES AND FAILURES IN ENDOSCOPIC MANAGEMENT 
Average No. of 


Endoscopic Failures Successfully Failures with 
No. of Successes Procedures Failures Treated with Good Voice but 
Cases No. % to Success No. % Open Surger Tracheostom 
Laryngeal 
Supraglottic 6 4 (66.7) 1.25 2 (33.3) G l 
Glottic 12 9 (75.0) 1.66 3 (25.0) 2 ] 
Subglottic 31 25 (80.6) 2.44 6 (19.4) 4 2 
Subtotal 49 38 (77.5) Ln }1 (22.4) 6 4 
Tracheal 6 2 (33.3) 6.0 4 (66.7) 3 ] 
Laryngeal & tracheal 5 (20.0) 1.0 4 (80.0) 4 2 
Total 60 41 (68.3) 19 (31.7) I3 (21.7) 7 (11.7) 
* Deceased. 


patients. Postsurgical webbing, partial laryngectomy (vertical 
hemilaryngectomy), rheumatoid arthritic cricoarytenoid joint fix- 
ation, ideopathic cricoarytenoid joint ankylosis, and post- 
traumatic arytenoid fixation each produced one case of glottic 
stenosis. 


Thirty-one patients had subglottic stenosis; 25 of these were 
secondary to endotracheal intubation. High tracheotomy produc- 
ed two cases and two followed blunt trauma. Median thyrotomy 
for endolaryngeal surgery resulted in one case of subglottic 
stenosis. One patient had ideopathic subglottic stenosis for which 
no etiology could be identified. 


All six cases of tracheal stenosis followed prolonged intubation 
and tracheotomy for respiratory assistance, as did all five cases of 
combined laryngeal and tracheal stenosis. 


Florid bacterial infection associated with tracheotemy was 
identified as a precipitating factor in four patients with combined 
stenosis and one patient with subglottic stenosis. 


One patient with combined stenosis and one with subglottic 
stenosis were each found to have retained nonabsorbable suture 
fragments from previous open surgeries present in the stenotic 
area. 


Forty-five patients had tracheotomies present at the time of in- 
itial presentation: 4 with supraglottic stenosis, 3 with glottic 
stenosis, 29 with subglottic stenosis, 5 with tracheal stenosis, and 4 
patients with combined laryngeal and tracheal stenosis. 


All patients underwent endoscopic examination and treatment 
under inhalation general anesthesia provided via tracheostomy 
tube, when present, venturi ventilation, or ventilating bron- 
choscope, as necessary. Laryngeal exposure was provided by using 
Jako-Pilling laryngoscopes suspended by the Boston University- 
Pilling gallows or the Lewy suspension apparatus. Carbon dioxide 
surgical lasers (25-50W) coupled to Zeiss operating microscopes 
were employed to vaporize scar or granulation tissue, divide 
fibrotic bands, or excise redundant supraglottic tissue, this being 
sent for histologic examination. 


Silastic stents were employed in 39 patients. One supraglottic 
stenosis patient had a solid Silastic stent suspended by a single 
transfixation wire for six weeks. A single sheet of reinforced 
Silastic was secured between the vocal folds of two glottic stenosis 
patients with webs (one anterior, the other posterior), suspended 
by wire in the Kleinsasser method. ' 


Of the 31 cases of subglottic stenosis 27 (87.1% ) had soft Silastic 
roll stents secured in the subglottic area by the Evans methed,? re- 
maining from 2 to 6 weeks. Similar type roll stents were used in 
four cases of tracheal stenosis and four cases of combined 
laryngeal and tracheal stenosis. 


Dilatation was employed in four cases each of tracheal and 
combined laryngeal and tracheal stenosis. No laryngeal stenosis 
patients underwent dilatation. 


For purposes of analysis, successful patients were defined as 


those with good airway and voice and without tracheostomy, and 
not requiring further endoscopic manipulation of their airway 
either by laser excision or ablation, or by dilatation. Cases were 
classified as failures of endoscopic management if open surgical 
procedures were necessary, if continued tracheostomy was re- 
quired ior airway maintenance even with a good voice, or if 
recurrent endoscopic procedures were necessary to maintain voice 
or airway. 


In successful cases, the numbers of endoscopic procedures re- 
quired to produce the desired result were studied. All failures 
were then analyzed to determine pre-existing or concurrent fac- 
tors which seemed contributory to the failure. 


RESULTS 


Forty-one cases (68.3%) of laryngeal, tracheal, 
or combined laryngeal and tracheal stenosis were 
successfully managed by endoscopic techniques (ta- 
ble). Nineteen cases (31.7% of the total) were clas- 
sified as failures. Eleven laryngeal stenosis cases 
(22.4%), 4 tracheal stenosis cases (66.7%) and 4 
with combined stenoses (80% ) resulted in failure. A 
total of 13 cases (21.7%) required open surgery: 6 
laryngeal (12.2%), 3 tracheal (50%) and 4 com- 
bined stenosis (80%). The remainder of the failures 
maintained tracheostomies with good voices. 


Supraglottic Stenosis. Of 6 patients with 
supraglottic stenosis, 4 (66.7%) were managed en- 
doscopiecally with success. The average number of 
endoscopic procedures required for a successful 
result was 1.25. 


The two failures both had recurrent stenosis. One 
died of metastatic cancer, probably from the 
original supraglottic primary, but autopsy could 
not be obtained to confirm this. The other patient 
retained a tracheotomy with good voice. Both fail- 
ures had reformation of cicatricial scarring in the 
supraglottic area. Both had tracheostomies present 
and one had five endoscopic procedures without 
success. Both were adults. No infection was associ- 
ated with their endoscopic or previous (supraglottic 
laryngectomy) surgery. No stents had been em- 
ployed in either failure. 


Glottic Stenosis. Among 12 patients with glottic 
stenosis 9 (75%) achieved a successful result. This 
required an average of 1.66 endoscopic procedures. 


Three of the 9 had glottic webs, 3 had fibrotic 
bands between the vocal processes (postintubation), 


386 SIMPSON ET AL 


2 had cricoarytenoid ankylosis and 1 had had a pre- 
vious vertical hemilaryngectomy. 


Three cases (25%) were failures, 2 requiring 
open surgery and 1 with good voice but maintaining 
a plugged tracheostomy and not desiring d2cannu- 
lation (but listed as a failure). Two of the failures 
had posterior fibrotic webbing resulting from pro- 
longed endotracheal intubation in one patient and a 
traumatic intubation in the other. This webbing 
reformed after removal reproducing arytenoid fixa- 
tion. The third failure occurred in the patient with 
arytenoid fixation following blunt trauma who un- 
derwent unsuccessful arytenoidectomy, but re- 
quired a subsequent open procedure. In contrast, 
both patients with arytenoid fixation from rheu- 
matoid arthritis and from idiopathic cause under- 
went successful arytenoidectomies using the laser. 
All three failures had tracheostomies as opposed to 
none of the successful cases. None of thz glottic 
stenosis patients had a bacterial infection, sars that 
were circumferential or wider than 1 cm in depth, 
or history of cryosurgery. All failures werz adults. 
None of the failures had had a stent. 


Subglottic Stenosis. Thirty-one patients pre- 
_ sented with subglottic stenosis; of these, 25 (80.6 % ) 
` were managed endoscopically with a succzssful re- 
‘sult, requiring an average of 2.44 endoscopic proce- 
dures. In 21 of these 25 cases (84%), soft Silastic 
stents: were employed. Twenty of the successfully 
managed cases of subglottic stenosis followed en- 
dotracheal: intubation (80.6%), while 2 had re- 
- sulted from, blunt trauma and 2 from high trache- 
otomy. One followed.tracheotomy and median thy- 
rotomy for a benign laryngeal lesion. 


Six cases of subglottic stenosis (19.4%) were 
failures to endoscopic management methods. Four 
required open surgical procedures with successful 
result. One continues with plugged tracheostomy 
awaiting growth and one continues with function- 
ing tracheostomy with a good voice. 


Five of the 6 cases of failure (83.3%) had a 
tracheostomy on initial presentation but 29 of the 
total 31 cases of subglottic stenosis (93.5%) had 
tracheostomies similarly present. Five of the six 
cases of failure (83.3%) had presented following en- 
dotracheal intubation. Four of the cases (66.7%) 
resulting in failure had circumferential cicatricial 
scarring as opposed to 17 of the 31 total cases of 
subglottic stenosis (54.8%) and 12 of 25 successful 
cases (48 %). Subglottic stenosis wider than 1 cm in 
vertical dimension was present in 3 cases of failure 
(50%), 15 of the total cases (48.4%) and 13 (52%) 
of the successfully managed cases. The incidence of 
preceding infection could not be adequately assessed 
to allow analysis. All cases resulting in failure had 
employed a stent (100%) while 21 of the 31 total 
cases of subglottic stenosis (71%) used stents. No 
prior cryosurgery was recorded at presentation in 
the 31 subglottic stenosis cases. No age relationship 


was evident as 5 of the failures (83.3%) and 22 of 
the successes (88%) were below 6 years of age. 


Tracheal Stenosis. Two of the six cases of tracheal 
stenosis (33.3%) were successfully managed endo- 
scopically. These two required an average of six en- 
doscopic procedures to obtain a successful result. 
Both successful patients developed tracheal stenosis 
following intubation. One had undergone 4 previ- 
ous operations elsewhere including tracheal resec- 
tion of a 2 cm-wide stenotic ring with end-to-end 
anastomosis and 3 dilatations and required 4 fur- 
ther procedures: 2 laser excisions and 2 dilatations. 
The other patient had previously undergone 5 
dilatations performed elsewhere and required 1 
laser excision and 2 dilatations for a successful 
result. Neither case presented with tracheostomy 
and no stents were used. Both had narrow shelf-like 
noncircumferential stenosis. 


Four of the six cases of tracheal stenosis (66.7% ) 
resulted in failure. All 4 (100% of failures) had cir- 
cumferential scarring wider than 1 ecm, loss of 
tracheal cartilage and tracheomalacia, and trache- 
ostomy present. Three of the failures (75%) had 
bacterial tracheal infection associated with 
tracheotomy prior to presentation. Three of the 4 
failures were less than 6 years of age, while both 
successes were adults, and 3 of the total 6 (50%) 
were less than 6 years of age. Cryosurgery had been 
employed in one of the six total cases (16.7%) and 
this was a failure (25% of failures). Stents had been 
employed in all cases resulting in failure. Three 
failure patients were treated successfully with 
tracheal resection and end-to-end anastomosis. The 
other patient has a good voice with tracheostomy. 


Combined Laryngeal and Tracheal Stenosis. On- 
ly one of the five patients having combined stenosis 
(20%) was treated successfully with endoscopic 
methods. This 2-year-old patient developed multi- 
ple fibrous bands in the larynx and proximal tra- 
chea after being intubated for croup. The bands 
were lysed with the laser and only one endoscopic 
procedure was necessary. 


The remaining four cases of combined stenosis 
(80%) were failures. All had circumferential 
cicatricial scarring wider than 1 cm, significant loss 
of cricoid and tracheal cartilage and had preceding 
bacterial infections associated with their tracheos- 
tomies. One patient had elsewhere undergone more 
than 12 previous endoscopic surgeries including 6 
cryosurgical applications. This patient was under 
ten years of age and represents 20% of the total 
number of combined stenosis patients and 25% of 
the failures. All four failures had stents employed. 


DISCUSSION 


Endoscopic management of laryngeal stenosis at 
all levels seems readily justified when the results are 
analyzed. Of all laryngeal stenosis cases 77.6% 
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were managed successfully, though 71.4% required 
multiple endoscopic procedures. Successful endo- 
scopic management was possible in all parts of the 
larynx as shown by the success rates of 66.7% for 
supraglottic stenosis, 75% for glottic stenosis, and 
80.6% for subglottic stenosis. These results also sup- 
port the use of the carbon dioxide laser as a surgical 
instrument, as the laser was employed in all cases, 
whether or not a successful result ensued. 


It is clearly apparent that purely endoscopic tech- 
niques are unsuccessful in most cases of severe tra- 
cheal stenosis and combined laryngeal and tracheal 
stenosis especially if the stenotic areas are wide, are 
circumferential, or if they are accompanied by sig- 
nificant loss of cartilage in the cricoid or trachea. 
Successfully managed cases in tracheal or combined 
stenosis showed more limited discrete lesions. 
Therefore, open operations should be employed in 
cases of extensive tracheal and combined stenosis. 
Endoscopic methods, however, may be justified in 
the initial management, if only to establish a lumen 
which later may be of help at open operations. 


A major cause of failure at all levels was the 
reformation of the scar tissue following its excision. 
Abundant scar tissue of over 1 cm of vertical dimen- 
sion, and/or if circumferential, was present in all 
failures at all levels except subglottic, where it was 
in the majority. Of special note is the observation 
that 2 cases of glottic stenosis involving fibrotic scar 
tissue in the interarytenoid area of the posterior 
commissure were failures to endoscopic manage- 
ment. This type of glottic stenosis seems best con- 
sidered from the beginning for open surgical correc- 
tion. 


It would seem obvious that excessive application 
of laser energy should produce unnecessary necrosis 
in nearby tissue with resultant undesired scar-tissue 
formation. Such a factor in any failure proved dif- 
ficult to analyze in this series as the cases resulting 
in failure did not seem to receive greater amounts of 
laser energy or longer periods of its application than 
did similar cases managed successfully. Experience 
with stenosis following widespread prolonged ap- 
plication of the laser, however, demands prudent 
caution. Extensive excision of severe subglottic 
stenosis proved successful if performed with brief 
(0.1 to 0.5 seconds), interrupted bursts of laser 
energy. 


Superficially, tracheostomy would seem to be as- 
sociated with failure, as a tracheostomy was present 
prior to endoscopic management attempts in all 
cases resulting in failure. It must be remembered, 
however, that tracheostomies existed in 75% of the 
total group on initial presentation, and were always 
necessary in the most severe cases of stenosis at any 
level. Furthermore, 93.5% of subglottic stenosis pa- 
tients had tracheostomies present initially, yet 
80.6% were successfully managed by endoscopic 
techniques alone, and 96% of the successful cases 


had trecheostomies. 


A mere significant factor in failure, and one asso- 
ciated with tracheostomy, is bacterial infection. 
While infection had not occurred in supraglottic 
and glettic stenosis cases, and could not be deter- 
mined accurately in cases of subglottic stenosis, it 
represents a major pre-existent or predisposing fac- 
tor in tracheal and combined stenosis. At these lev- 
els 87.5% of failures had sustained a severe bac- 
terial infection of the trachea following tracheos- 
tomy aad prior to any endoscopic management by 
our group. Such a history may predict the necessity 
of opersurgery for management of tracheal stenosis 
alone or combined with other stenosis. The possibil- 
ity of recurrent infection during endoscopic man- 
agement with potential sequelae and failure may 
urge the endoscopic surgeon to employ antibiotics. 
Further data on patients in this series, now under- 
going analysis, may support the use of prophylactic 
antibiotics in the endoscopic management of steno- 
sis. 


Of failing cases, 73.3% had a history of intuba- 
tion prior to the diagnosis of stenosis, compared 
with 66.7% of the total series. A similar history was 
found in 72.5% of the cases managed endoscopical- 
ly with success. 


Soft Silastic stents were employed in all cases re- 
sulting in failure in subglottic, tracheal, and com- 
bined stenosis, but were associated with success in 
all cases where used in the supraglottis or glottis. 
Soft Silastic stents were used in 84% of the suc- 
cessful subglottic stenosis cases. As stents are ob- 
viously ef benefit, especially in severe stenosis, and 
were so used, it appears that their use is not a factor 
in failure. Rather, the use of stents is associated 
with the most severe degrees of stenosis as it is here 
that ther are most helpful. 


Patient age was not associated with failure for en- 
doscopic methods in any type of stenosis. In fact, in 
subglottic stenosis, 88% of the successful patients 
were less than 6 years of age, while 77.1% of all 
subglottic stenosis patients were in this age group. 
While three of the four failures in tracheal stenosis 
were patients under 6 years of age, they also were 
the patients with the most severe stenosis. 


Cryosurgery had been previously employed else- 
where in one patient each with tracheal and com- 
bined stenosis who failed endoscopic management. 
Its prior use cannot be specifically indicted, how- 
ever, as the relationship of the cryosurgery and the 
severe stenosis cannot be accurately determined. A 
history o! previous cryosurgical techniques in a pa- 
tient wita severe stenosis may warn of future dif- 
ficulties for endoscopic management methods. 


Dilatation was not required at any time in virtu- 
ally any patient in this series. It did prove helpful, 
however, in two patients with tracheal stenosis suc- 
cessfully managed endoscopically. 
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SUMMARY 


Endoscopic management methods, including, as 
required, CO; laser excision, soft Silastic stents, and 
dilatations, are successful in most cases of laryngeal 
stenosis at all levels and of all etiologies. Endoscopic 
methods are successful only infrequently in major 
stenosis involving the trachea, either alore or in 
combination with laryngeal stenosis. To be man- 
aged endoscopically with success, stenosis involving 
the trachea must be limited in extent and without 
significant associated loss of cartilage, circumferen- 
tial cicatricial stenosis or scarring wider than 1 cm 
in vertical width. 


Major factors associated with failure of endoscop- 


et ee cir 


ic management of stenosis at all levels of the larynx 
and trachea include preceding severe bacterial in- 
fection associated with tracheostomy, circumferen- 
tial cicatricial scarring, scar tissue wider than 1 cm 
in vertical dimension and fibrotic scarring of the 
posterior laryngeal inlet with arytenoid fixation. 
Endoscopic management techniques should be con- 
sidered with caution in the presence of a history of 
cryosurgery in the prior treatment of airway 
stenosis. 


With consideration of these factors, the surgeon 
may choose either to proceed directly to open 
surgical methods, or to manage laryngeal and 
tracheal stenosis endoscopically with the expecta- 
tion of a high likelihood of success. 
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Tumors of cartilage rarely occur in the larynx. Most laryng 
and surgical treatment of these tumors accumulates slowly. 


about the general knowledge, early diagnosis, 


ologists see no more than one of these tumors. Therefore, information 


In this paper we will discuss one 


type of cartilaginous tumor: chondrosarcoma of the cricoid cartilage. We will review general diagnostic information about this tumor, pre- 
sent a case report, and describe a method of conservative surgical excision. 


INTRODUCTION 


Cartilaginous tumors of the larynx occur as iso- 
lated cases in the practice of laryngology. Travers 
reported a case to the Medico-Chirurgical Society of 
London in 1816.’ 


Chondrosarcoma of the larynx is usually of low- 
grade malignancy and does not respond to treat- 
ment with irradiation and chemotherapy. Treat- 
ment is limited to surgical excision. The exact 
surgical procedure will vary from simple excision 
for a neoplasm of limited size and low-grade ma- 
lignancy to total laryngectomy for a tumor of exten- 
sive size or high-grade malignancy. 


Chondrosarcoma of the larynx is reviewed, with 
diagnostic factors outlined; the surgical treatment 
described; and a case reported. A conservative 
method of surgical excision of a chondrosarcoma 
arising in the cricoid region is described. 


REVIEW 


Incidence. The case reports of approximately 200 
cartilaginous tumors of the larynx from 1816 to 
1979 indicate 20% to be chondrosarcomas.’ A 
review of 58 cases of chondrosarcoma of the larynx 
during a recent period of 80 years reveals an 
average patient age of 58 years, and there were 43 
males and 15 females.’ 


Clinical Findings. The symptoms of chondroma 
of the larynx are those of any mass growing slowly 
inside the lumen of the larynx: hoarseness, dyspnea, 
and dysphagia. These symptoms are related to the 
location and size of the tumor. A lesion of the 
cricoid extending into the laryngeal lumen can 
cause decreased air flow and vocal cord mobility. 
Growth of a cricoid lesion posteriorly and laterally 
into the hypopharynx can cause dysphagia. 


Location of Tumor in Larynx. Laryngeal chon- 
drosarecomas usually arise from hyaline cartilage 
and show no evidence of elastic tissue. There is a 
striking predilection for the tumor to form in the re- 
gion of the cricoid cartilage. A review of chondro- 
sarcoma of the larynx has been done at the Armed 
Forces Institute of Pathology (AFIP).* This AFIP 
series notes 16 cases from 1929 to 1969 and shows 
that 11 (68%) of these tumors occurred in the 
cricoid region. 


Etiology. The etiology of chondrosarcoma is un- 
known. Virchow wrote in 1863 that these tumors 
originate from the connective tissue stroma of the 
normal perichondrium, the body of the cartilagi- 
nous tissue, or the cartilaginous cell nests which 
serve as a matrix and then undergo ossification.” No 
scientist has offered a better explanation for the 
etiology of chondrosarcomas. 


Clinical Diagnosis. The clinical diagnosis of 
chondrosarcoma is made on the basis of the history, 
physical examination, radiologic findings, and his- 
topathologic findings. The patient presents with a 
history of hoarseness, dyspnea or dysphagia. In- 
direct laryngoscopy can reveal a smooth, rounded 
mass below the true vocal cords. Soft tissue x-ray 
films or xeroradiograms of the larynx can demon- 
strate the tumor. Mottled calcification is seen 
within the tumor in up to 75% of the soft tissue 
x-ray studies.° Planigrams can outline the tumor, 
but the CT scan can demonstrate the exact origin of 
the tumor. 


The definitive diagnosis is made in the operating 
room with direct laryngoscopy and biopsy. Histo- 
pathological criteria which indicate a chondrosar- 
coma have been established by Lichtenstein and 
Jaffe:’ 1) irregularity in the size of the cells and 
their nuclei; 2) increased numbers of cells; 3) hyper- 
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Fig. 1. Section of tumor showing at top a large binueleated 
cartilage cell which contributes to diagnosis of chondrosar- 
coma (H & E x600). 


chromatic nuclei; 4) giant cartilage cells with single 
or multiple nuclei. These giant cartilage cells may 
be binucleated (Fig. 1). 


Surgical Treatment. In most cases with signifi- 
cant airway obstruction a tracheotomy sec ires the 
airway and allows a direct laryngoscopy and biopsy 
to be done to establish the diagnosis. Ater the 
diagnosis is made, the grade of malignancy must be 
determined. 


Since recurrences occur late and metastases are 
rare, surgical treatment should be as conservative as 
possible. Total laryngectomy may be required for a 
high-grade malignant tumor, a recurrent tumor, or 
a tumor which cannot be totally removed by a con- 
servative surgical procedure. Adequate exc:sion re- 
quires removal of the tumor with a margin of nor- 
mal tissue. This can usually be done conservatively 
with a laryngofissure, thyrotomy, or partiel laryn- 
gectomy. If adequate excision of the tumor -equires 
removal of more than one half of the cricoid car- 
tilage, a laryngectomy must be performed +o avoid 
debilitating laryngeal and tracheal stenosis. In 
older patients the surgeon can sometimes remove 
the tumor with a curette and leave an adequate sup- 
port of cricoid cartilage — the technique that was 
used in the case report following. 


Since nodal metastases to the neck are ra-e, elec- 
tive neck dissections are not indicated. 


Although the tumor often recurs after conserva- 
tive surgical treatment, most surgeons prefer laryn- 
gofissure exposure and total local excision, since the 
tumors recur many years later, grow slowly, and 
permit treatment by additional conservative surgi- 
cal procedures. 


CASE REPORT 


A 67-year-old white female was referred to the 
University of Alabama in Birmingham Medical 
Center for definitive treatment. She had already 
been evaluated for periods of episodic shortness of 


breath. These episodes occurred at any time and 
had increased in frequency over the past year. A 
previous bronchoscopy revealed a subglottic mass. 
Her dyspnea increased and an emergency tracheot- 
omy was performed on June 22, 1981, prior to 
transfer to the University of Alabama in Birming- 
ham Medical Center for definitive treatment. At 
the time of the tracheotomy a biopsy was per- 
formed, and slides of the tissue were sent to the 
Armed Forces Institute of Pathology. The histo- 
pathological report by the AFIP revealed chondro- 
sarcoma. Our pathology department confirmed this 
tissue diagnosis. 


The patient’s past history revealed that a surgeon 
performed a partial thyroidectomy in 1948, 31 
years previously. An internist had ordered thyroid 
scans yearly for the previous five years. 


Physical examination revealed an alert and coop- 
erative female. The examination of the larynx re- 
vealed good true vocal cord movement. There was a 
large mass in the right subglottic region which com- 
pletely filled the subglottic area except for a 1- to 
2-mm space on the left side. The neck was supple, 
and the tracheostomy tube was in place. There was 
a 6-cm x 3-cm x 3-cm mass in the right thyroid lobe 
region. Admission laboratory studies revealed a 
normal hemogram, urinalysis, EKG and chest x-ray 
film. The electrolytes were normal. The GTT and 
alkaline phosphatase were slightly elevated. 


A thyroid scan indicated an enlarged thyroid 
gland with increased uptake activity in the right up- 
per lobe, consistent with multinodular goiter. The 
CT scan of the neck showed the large thyroid mass 
in the right neck and the smaller laryngeal mass in 
the lumen of the larynx and trachea. The laryngeal 
mass was attached to the right posterior lateral wall 
of the cricoid cartilage. 


After completing the preoperative evaluation, 
the patient was taken to the operating room where 
laryngeal surgery was performed. The patient was 
given endotracheal anesthesia through the trache- 
otomy opening. The anatomic landmarks of the 
neck were identified. A skin mark was made with a 
marking pen for the horizontal skin incision over 
the midregion of the thyroid cartilage. The vertical 
limb of the incision was made through the previous 
vertical tracheotomy scar. After elevation of the 
skin flap, dissection was carried out to expose the 
thyroid cartilages. An incision was made through 
the midline and the superior margins of the peri- 
chondrium of the thyroid cartilages. Lateral exten- 
sions of the incisions on the superior margin were 
made to points medial to the superior laryngeal 
nerves and vessels. 


The perichondrium was elevated on each side of 
all incisions. The larynx was transected in the 
midline of the thyroid cartrilages with scissors for a 
laryngofissure incisional approach. The lumen of 
the cricoid region was viewed by retracting each 
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side of the thyroid cartilage with a skin hook. This 
maneuver exposed the site of attachment of the 
mass (Fig. 2A). The exact location of the attach- 
ment was determined by palpation with a small 
curette. The mucous membrane was incised so that 
there was a wide margin of normal mucous mem- 
brane around the mass. The mass was removed by 
curettage at its origin from the cricoid cartilage 
(Fig. 2B). The mass had a distinct difference in 
tissue density relative to normal cricoid cartilage. 
This tissue density could be appreciatec during 
curettage and allowed complete excision of the 
tumor without taking an excessive amount of nor- 
mal cricoid cartilage. The cricoid ring was not cut 
through and the integrity of the laryngea. airway 
was maintained. 

The wound was irrigated with saline. The mu- 
cous membrane was cut so it would lie in the defect 
without tension. At this time the patient appeared 
to have a very satisfactory operative result. 


The perichondrium was closed with 4-0 ehromic 
catgut. A rubber drain was inserted. The muscles 
were approximated with 3-0 Vicryl sutures. Skin 
closure was performed with 5-0 nylon vertical mat- 
tress interrupted sutures. After the patient was 
breathing spontaneously, the Anode tube was re- 
moved and a No. 6 cuffed Shiley tracheostomy tube 
was inserted. The patient was awakened and taken 
to the recovery room in good condition. 


The patient’s postoperative course was uncom- 
plicated. She was discharged on the third postop- 
erative day to be followed by her referring phys- 


Fig. 2. Drawing showing 
A) subglottic mass and B) 
curette placed in raw sur- 
face after removal of tu- 
mor. 


ician. He decannulated her four weeks after her 
surgical procedure. It has been over nine months 
since excision of her tumor and there is no evidence 
of recurrence. 


SUMMARY 


The incidence, clinical findings, location, 
etiology, clinical diagnosis, and surgical treatment 
of chondrosarcoma of the larynx are discussed. Im- 
portant features in the diagnosis and treatment of a 
chondrosarcomatous tumor of the larynx are dem- 
onstrated in a case report. 


The patient's chief complaint was episodic short- 
ness of breath occurring with increasing frequency 
over a period of 12 months. Her dyspnea progressed 
in severity until an emergency tracheotomy was Te- 
quired for airway control. 


CT scan documented the attachment of the tu- 
mor to the right posterior lateral wall of the cricoid 
cartilage. Direct laryngoscopy and biopsy were 
done to obtain tissue for diagnosis. The histo- 
pathological examination revealed low-grade chon- 
drosarcoma. 


The tumor was removed totally with a wide-mar- 
gin mucous membrane incision and careful curette- 
ment. A definite difference in the consistency of the 
tumor compared to normal cartilage allowed com- 
plete excision of the tumor with minimal sacrifice of 
healthy cricoid cartilage. This presentation empha- 


sizes the conservative surgical removal of these tu- 


mors and notes how a curette can be used for this re- 
moval. 
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Chondrosarcoma of the larynx is an uncommon, slow-growing malignant tumor of the larynx which tends to metastasize late. This 
paper adds to the literature a case which was followed fcr 18 years. During the first three years is was thought to be a benign chondroma. 
Conservative management by limiting surgical resection, at the patient’s direction, allowed observation of the disease for this unusual 
length of time. Massive enlargement finally necessitated laryngectomy. The lesion, though unquestionably malignant, had not infiltrated 
adjacent neck structures and appears to have been totally excised, with the patient now being free of disease six months after surgery. This 


supports the view of conservative surgical management 


INTRODUCTION 


Only approximately 200 cases of cartilaginous 
tumors of the larynx have been reported in the 
medical literature since 1822. Of these, epprox- 
imately 20% have been malignant. In Cantrell et 
al’s review,' 78% of the tumors arose from the 
cricoid, usually in the posterior or posterolateral 
areas, Anather 15% arose from the thyroid car- 
tilage. Males outnumbered females approximately 3 
to 1. The ages of patients ranged from 33 to E1 years 
with the average being 58 years. No cases af docu- 
mented chondroma transforming to malignant tu- 
mor have been reported, though one case was sus- 
pected.? In Ollier’s disease, a familial syndrome 
characterized by multiple chondromatoses, approx- 
imately 10% of the cartilaginous tumors may be 
malignant. 


CASE REPORT 


In August 1981, a 72-year-old female with a 
tracheotomy was referred because of a larze neck 
mass and purulent drainage (Fig. 1A). The history 
revealed that in 1963, at age 54, she hed been 
evaluated by an otolaryngologist because of pro- 
gressive dyspnea, hoarseness, and a slowly enlarg- 
ing neck mass. A subglottic mass was noted and a 
biopsy indicated chondroma. In August 1986, pro- 
gressive airway obstruction necessitated a tracheot- 
omy. Biopsy again confirmed diagnosis cf chon- 
droma. She refused surgery at this time, electing to 
wear a tracheotomy tube for the next 12 years. 


In 1978, she sought medical attention <or pro- 
gressive dysphagia and enlargement of tae neck 
mass (Fig. 1B). In February 1979, she underwent a 
laryngofissure and partial excision of the mass. 
Pathologic diagnosis was chondrosarcoma. She re- 





fused definitive surgery but she changed her mind 
after noting drainage of purulent material from the 
large neck mass. In September 1981 a wide field 
laryngectomy was performed which appeared to 
completely excise all tumor. Healing was unevent- 
ful. The patient is now six months postsurgical 
treatment and is without evidence of disease (Fig. 1 
C). 


HISTOPATHOLOGY 


Gross and Microscopic. The surgical specimen 
measured 12.5 x 9 x 8.5 em. The cephalic aspect 
contained the epiglottis and the lower pharyngeal! 
mucosa stretched over the submucosal tumor (Fig. 2 
A, B). The caudal aspect of the specimen included 
the upper trachea, tracheostomy wound and sur- 
rounding skin. The anterior aspect of the specimen 
included portions of the thyroid gland and lymph 
nodes. The mass was unyielding to firm compres- 
sion and a band saw was necessary to section the 
tumor. Contained within soft tissue was a roughly 
spherical mass having a rim of calcified tissue. The 
vast majority of the tumor was composed of semi- 
translucent, friable and focally mucoid material. 
Approximately midway into the specimen, a sinus 
tract was found, which extended from a 2-cm 
abscess cavity to the pinpoint lumen of the trachea 
(Fig. 2C). The latter was displaced laterally to the 
extreme left portion of the mass. At no point could 
tumor be found at a surgical margin. All lymph 
nodes and the thyroid were negative. 


Microscopically, the tumor was a well-differenti- 
ated chondrosarcoma with areas of myxoid chon- 
drosarcoma (Fig. 3A,B). Endochondral bone for- 
mation accounted for the incomplete bony rim. No 
areas of anaplastic tumor were identified. Some 
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Fig. 1. A) Patient, 72-year-old female, with firm chondrosarcoma measuring approximately 15 x 18 cm, fixed to deep structures. B) 
Mass distorts neck contours, necessitating tracheotomy and causing progressive dysphagia. C) Six months postlaryngectomy, patient 


appears to be free of disease, and is being rehabilitated. 


areas were very well-differentiated and adequate 
sampling was necessary to identify the various 
histologic pictures. 


Only material from the 1979 excision was avail- 
able for review. The tumor appeared no more ag- 
gressive in 1981 than in 1979. 


DISCUSSION 


The classic presentation of chondrosarcoma or of 
chondroma of the larynx includes hoarseness and 
dyspnea due to gradual expansion of the intra- 
luminal tumor or dysphagia if the expansion ex- 
tends toward the hypopharynx. A visible palpable 
mass will be present if the thyroid cartilage is in- 
volved. 


At laryngoscopy, a smooth bulging contour is 
noted in the subglottic region. The mucosa overly- 
ing the mass is usually intact. Vocal cord motion 
may be limited if the mass encroaches. The firm 
nature of the mass makes the obtaining of an ade- 
quate biopsy specimen difficult. 





Radiographic signs? include the location in the 
subglottis, often the posterior wall, of a mass which 
has a smooth surface but contains coarse, irregular 
scattered calcification; this does not provide a true 
distinction between benign and malignant masses. 


Differential Diagnosis. Differential diagnosis 
should include the other primary lesions: neurile- 
moma, cylindroma, rhabdomyosarcoma, fibrosar- 
coma, calcified carotid artery, calcified thyroid 
adenoma, cysts, granular cell myoblastoma, amy- 
loidosis, and tracheopathia osteoplastica. Metastat- 
ic lesions to the larynx are rare but prostatic and 
other primaries have been reported. 


COMMENT 


The slow growth of the lesion in the early years of 
this case seem to contrast with the more rapid ex- 
pansion in the last several years. This apparent in- 
crease in rate of enlargement in its later states may 
be merely a function of its doubling time, a factor 
which can remain constant. To illustrate the ex- 
ponential increase of this effect, if this page were 
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Fig. 2. A) Surgical specimen seen from above. Epiglottis and right arytenoid are seen in center. Mucosa covering right pyriform 
sinus is displaced by submucosal tumor, obliterating the sinus. B) Laryngectomy specimen viewed posteriorly. Chondrosarcoma 
mass and larynx measured 12.5 x 9 x 8.5 cm. C) Gross photograph of midsection of specimen, showing abscess cavity at right, with 


linear sinus tract to pinpoint trachea on the left. 
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Fig. 3. A) Well-differentiated and myxoid chondrosarcoma, with areas of mature bone formation at peripnery (H & E, x40). B) 


Well-differentiated chondrosarcoma, showing little myxoid change (H & E, x100). C) Pinpoint lumen o 


trachea, showing sub- 


mucosal chronic inflammation at bottom an compressing chondrosarcoma at top (H & E, x 100). 


torn in half and the two pieces of paper stacked and 
torn in half again and stacked and this were re- 
peated for a total of 50 times, the stack o? paper 
would reach far beyond the moon. 


The apparent change in histologic pattern may 
represent a low-grade, well-differentiated chondro- 
sarcoma with some areas closely resembling chon- 
droma. 


Management. The widely accepted ratiorale for 
treatment of cartilaginous tumor of the larynx by 
limited surgical resection'*-° would appear to be 
supported by this case. Even though the initial 
surgical efforts were not successful in controlling 
the disease, the patient, by her strong rejection of 
greater surgical efforts, afforded an opportunity to 
see unaltered progression of the malignant cisease. 
The eventual salvage of the patient in spite of the 


massive size of the lesion was possible because of its 
tendency to remain within the limits of the peri- 
chondrium of the larynx. No extension into adjacent 
tissues or structures was noted. Distant metastasis is 
an infrequent problem in the laryngeal chondrosar- 
coma cases studied, but is always a remote possibili- 
ty.’ 


Conclusion. A case of chondrosarcoma of the 
larynx is reported in which the patient refused 
laryngectomy and survived 18 years before consent- 
ing to surgical extirpation. In spite of its long dura- 
tion and massive size, the tumor appeared to be 
limited to the anatomical confines of the larynx at 
the time of wide field laryngectomy. She appears to 
be free of disease at this time, six months post- 
laryngectomy. Management by conservative exci- 
sion of small lesions with laryngectomy reserved for 
large recurrent tumor is supported. 
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EXTENDED TRANSANTEAL APPROACH 
TO PTERYGOMAXILLARY TUMORS 
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A review of 14 patients treated between 1975 and 1979 is reported. The lesions were quite extensive in most of the patients, having ex- 
tended beyond the nasopharynx in all but one. An extended transantral approach was utilized in nine of the patients to facilitate removal of 
lateral and superior extensions of tumor. Two of the patients (14%) developed recurrent tumor, one six months and one nine months 
following treatment. The extended transantral approach appears to be an effeetive method of approaching the pterygomaxillary extension 


of the tumor. 


INTRODUCTION 


The nasopharyngeal angiofibroma is an uncom- 
mon, highly vascular tumor which has a predilec- 
tion for the nasopharynx of adolescent boys. Though 
only occasionally invasive, the tumor tends to spread 
anteriorly into the nasal cavity and ethmoid cells, 
and laterally through the sphenopalatine foramen 
and into the pterygomaxillary space (Fig. 1). From 
there the tumor may extend superiorly through the 
inferior orbital fissure, across the orbital apex, and 
through the superior orbital fissure into the middle 
cranial fossa (Fig. 2). Because of the predilection to 
lateral extension, preoperative evaluation with ar- 
teriography should always be done. 


Many surgical approaches to these tumors have 
been advocated, including a vertical split of the soft 
palate, an anterior fishmouth approach through the 
palate, a transethmoid approach, a lateral rhinot- 
omy and blunt dissection of the retromaxillary 
space. Selection of a preferred approach depends 
upon the extent of the tumor and the individual sur- 
geon’s experience and preference. Frequently more 
than one approach should be combined to offer op- 
timum exposure. 


When there is extensive involvement of the ptery- 
gomaxillary space, a transantral approach alone or 
in conjunction with other approaches offers access 
to the laterally extending tumor, to the internal 
maxillary artery for the purpose of ligation, and al- 
lows gentle dissection of tumor extending through 
the inferior orbital fissure. The technique employed 
and the results when utilized in a series of patients 
will be presented. 


METHOD 


An extended sublabial incision is made from the midline, lat- 
erally to the maxillary tuberosity, and carried down through the 
periosteum of the maxilla. The periosteum is elevated up to the in- 
fraorbital foramen and the face of the maxilla is widely excised us- 


ing a Kerrison rongeur. The posterior wall of the sinus is then 
widely excised, allowing access to the pterygomaxillary portion of 
the tamor. Whenever possible, the internal maxillary artery 
should be ligated before beginning the tumor removal. By remov- 
ing the medial wall of the sinus, the surgeon achieves access to 
the nese and nasopharynx (Fig. 3). When the tumor extends into 
the etnmoid cells, they may be opened from the antrum, and the 
tumor carefully dissected. When the tumor extends further lat- 
erally, the lateral wall of the sinus may be removed to improve ex- 
posure (Fig. 4). Finally, this approach allows excellent access to 
the inferior orbital fissure (Fig. 3) to allow gentle dissection of the 
tumor extending upward through the fissure. 


The transantral approach may be combined with a transpalatal 
or external ethmoidectomy approach when tumor extension dic- 
tates. We prefer the fishmouth incision for the transpalatal ap- 
proach, extending the incision behind the maxillary tuberosity on 
the side of greatest extension. The nasal mucoperiosteum is incised 
and safficient bone is removed from the posterior edge of the hard 
palate to provide adequate access to the nasopharynx. An incision 
is then made through mucoperiosteum of the nasopharynx cir- 
cumferentially around the tumor base. Using a periosteal ele- 
vator. dissection is carried all around the large feeding vessels 
which enter the pedicle at the base of the tumor. The vessels are 
then -ransected and the nasopharynx is packed for 5-7 days. Care 
must be taken to completely remove all tumor extensions. 


RESULTS 


Feurteen patients with nasopharyngeal angiofi- 
broma who were treated at the University of Mich- 
igan between 1975 and 1979 were evaluated. A 
summary of their treatment and outcome is listed in 
the table. The age at onset ranged from 13 to 25, 
with the median being 15. Epistaxis and nasal ob- 
struction were the most common symptoms noted at 
presentation, being present in all but one case. Four 
patients had been treated prior to undergoing surgi- 
cal excision at the University of Michigan, including 
two who had received irradiation for extensive in- 
traczanial tumor. Arteriograms were performed in 
all patients preoperatively. In addition, computer- 
ized tomography (CT) scans were obtained in four 
patients. The extent of the tumor in each case is 
summarized in the table. All but two patients had 
lateral involvement of the pterygomaxillary space, 
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Fig. 1. Tumor extending through sphenopalatine foramen 
into pterygomaxillary space. Arrow indicates timor 
crowding orbital apex. 


and in five cases the tumor had extended intra- 
cranially as well. The extended transantral ap- 
proach was utilized in 9 of the 14 patients, being 
combined with a transethmoid or transpalatal ap- 
proach in 4 of them. 


Five of the patients were found to have intra- 
cranial extension of their tumor; in 1 a craniotomy 
was performed to remove tumor, and 2 were suc- 
cessfully treated with radiation therapy. In the 
other two patients, the small amount of intracranial 
tumor was pulled downward through the irferior 
orbital fissure. Two of the patients developed -ecur- 
rent tumor after treatment at the University of 
Michigan, one at nine months and one at six 
months. Both of these patients had been previously 
treated elsewhere, and had developed recurrent tu- 
mor prior to treatment at our institution. Tre re- 
maining patients have been followed 18-60 months 
with no evidence of recurrence. 


DISCUSSION 


Angiofibromas appear to arise from fibrovascular 
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Fig. 2. Tumor extending through superior orbital fissure 
into middle cranial fossa. 
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Fig. 3. Medial wall removed to poea access to nasophar- 
ynx and nasal cavity. Arrow indicates tumor extending up- 
ward through inferior orbital fissure. 





stroma present in the nasopharynx,' most common- 
ly from a broad base in the posterosuperior wall. 
The tumor, which consists of varying ratios of fi- 
brous stroma and thin-walled vascular spaces, grad- 
ually enlarges and spreads, picking up blood supply 
as it goes. 


The tumor tends to fill the nasopharynx and pos- 
terior choanae, then extends into the maxillary or 
ethmoid sinuses. Laterally it tends to extend 
through the sphenopalatine foramen into the ptery- 
gomaxillary space. From there the tumor extends 
upward through the inferior orbital fissure, and 
thence through the superior orbital fissure intra- 
cranially. Alternatively or additionally, the tumor 
may extend superiorly from the nasopharynx through 
the sphenoid sinus and into the sella turcica.? 


Nasopharyngeal angiofibromas are nearly always 
found in males, with the onset of symptoms most 
commonly found during adolescence. More than a 
century ago, Gosselin suggested that angiofibromas 
spontaneously regress after adolescence.’ It is of in- 
terest that one of our patients was more than 25 
years of age when he began having symptoms, and 





Fig. 4. Lateral wall of antrum has been removed along 
with posterior wall to provide access to lateral extension. 
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Duration of 


Symptoms 


Extent of 


Present 


Follow-up 


No. Onset Symptoms (Mo) Tumor Procedure EBL Condition (Mo) Comment 


l 13 Epistaxis 12 Nasophar. Transpalatal 500 NED 52 
2 13 Epistaxis 12 Nasophar. Transantral 1600 Recur 9 Had surgical exci- 
Nasal obs. P-M space sion prior to U of M 
Orbit X: 
3 16 Nasal obs. 12-15 Nasophar. Transantral 1100 NED 18 
P-M space 
Orbit 
Intracran. 
4 13 Epistaxis 3 Nasophar. Transantral 500 NED 20 
Nasal obs. P-M space 

5 14 Epistaxis 4 Nasophar. Transpalatal 250 Recur 6 2 previous surgical 
procedures 

6 25 Nasal obs. 18 Nasophar. Transpalatal 3000 NED 48 

P-M space Transethmoid 
Ethmoid 
7 18 Headache; 4 Nasophar. Transantral 7100 NED 24 
proptosis P-M space 
Orbit 
Intracran. 
8 21 Nasal obs. 24 Nasophar. Transantral 2000 NED 23 
P-M space Craniotomy 
Orbit 
Intracran. 

9 25 Nasal obs. 60 Nasophar. Transantral 1100 NED 24 Radiation therapy 
for intracranial 
tumor 

10 15 Nasal obs. 12 Nasophar. Transantral 6000 NED 60 Treated with ir- 
P-M space Transethmoid radiation 1l yr ear- 
lier 
1] 14 Epistaxis 12 Nasophar. Transantral — NED 24 
Nasal obs. P-M space Transpalatal 
12 13 Nasal obs. 24 Nasophar. Lat rhinotomy 1100 NED 24 
Mass R cheek P-M space Blunt dissec- 
tion of P-M 
space 
13 18 Epistaxis l Nasophar. Transethmoid 600 NED Lost to f/u 
Nasal obs. Ethmid 
14 14 Nasal obs. 12 Nasophar. Transantral — NED 84 
P-M space Transpalatal 


EBL - Estimated blood loss; Nasal Obs. - Nasal obstruction: P-M - Pterygomaxillary space. 


one other developed a recurrence of his tumor at 25 
years of age, experiencing progressive nasal obstruc- 
tion and epistaxis. 


Most of these tumors were found to be quite ex- 
tensive at the time of presentation here. The im- 
portance of including arteriography preoperatively 
to determine the extent of disease is illustrated by 
the fact that all but one of our patients were found 
to have extension of tumor beyond the nasophar- 
ynx, with lateral extension into the pterygomaxil- 
lary space in 12 of the 14 patients, and with tumor 
extending upward through the inferior orbital fis- 
sure in 4. In each of the latter patients it was possi- 
ble to gently dissect the tumor downward out of the 
orbit. 


Controversey exists regarding the use of hormone 
therapy preoperatively in an attempt to cause “ma- 
turation” of the angiofibroma. Martin et al* ad- 
vocated testosterone, whereas Walike and MacKay° 
as well as Schiff’ have reported beneficial effects 


from estrogen therapy. Only five of the patients in 
our study received estrogen therapy preoperatively, 
with no significant change in the size of the lesion 
noted. 


Many different surgical approaches to nasopha- 
ryngeal angiofibromas have been advocated, rang- 
ing frem a simple midline palatal split to craniot- 
omy. The selection of an appropriate surgical ap- 
proach is based primarily upon how extensive the 
tumor is, and which structures and spaces are in- 
volvec. The extended transantral approach is pri- 
marily of benefit when there is extensive tumor in 
the pterygomaxillary space or evidence of extension 
upward through the inferior orbital fissure. The 
ability to safely dissect tumor from the orbit and 
even mtracranially is primarily dependent upon 
having a limited amount of tumor to remove and 
the absence of feeding vessels of significant size 
located in these sites. 


Only two of our patients (14%) developed a 
recurrence of their tumor; in both instances they 
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had been treated earlier and had recurred prior to 
referral to this institution for treatment. These 
recurrences occurred nine and six months following 


completion of treatment here. This incidence of re- 
currence is somewhat lower than that of approx- 
imately 50% cited in many series,?’ 
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PRIMARY MANAGEMENT OF LARYNGEAL TRAUMA 


STEVEN D. SCHAEFER, MD 


DALLAS, TEXAS 


The management of 87 laryngeal trauma patients over the past 17 years is reported. During the last four years, 35 of these patients 
were prospectively studied by the author after drawing upon the treatment policies of the earlier experience. The results of this study 
demonstrate a successful program to preserve or restore the phonatory and airway function of the acutely injured larynx. 


Laryngeal trauma threatens both the quality and 
preservation of life. Essential to the preservation of 
the phonatory and airway sphincter functions of the 
larynx is restoration of the skeletal framework and 
epithelium of this organ.' Various opinions exist 
regarding the extent of clinical evaluation and the 
indications, timing and form of surgical manage- 
ment.'-* With the exception of a few articles, most 
published reports are limited by the number of 
available patients to retrospective reviews of pa- 
tients treated by several surgeons within a multiple- 
hospital institutional setting.*° 


Paralleling the experience of Harris and others 
over the past 17 years, the faculty of the University 
of Texas Health Science Center at Dallas adopted 
an aggressive and immediate management protocol 
for laryngeal trauma. A prior publication by the 
author reviewing results from the past 13 years per- 
mitted the identification of four treatment groups.° 
Utilizing the policies derived from this earlier work, 
a prospective study was begun four years ago to fur- 
ther clarify laryngeal injuries which might benefit 
from operative intervention and to test the rationale 
for various surgical procedures. 


The purpose of this paper is to report a primary 
or immediate management protocol for blunt and 
penetrating trauma to the larynx that has yielded 
both predictable and successful results. 


MATERIALS 


Between 1965 and 1978, 52 laryngeal trauma patients were 
evaluated after treatment by the faculty of the University of Texas 
Health Science Center at Dallas Affiliated Hospitals (Parkland 
Memorial Hospital, Veterans Administration Medical Center, 
Presbyterian Hospital, and John Peter Smith Hospital). This 
retrospective report consisted of chart review and examination of 
available patients from one month to nine years after injury. After 
January 1978, 35 patients were prospectively managed by the 
author, primarily at Parkland Memorial Hospital (Table 1). 
Records were kept by the author beginning at the time of injury, 
and this information was supplemented by chart review. Follow- 
up in this population ranged from months to two years. 


With the exception of two patients, diagnosis and treatment 


was perfermed within 24 hours after injury. Patients initially 
managed at other institutions or in whom a laryngeal injury was 
not immediately recognized have been excluded from this paper 
(one patient in the originally reported retrospective population 
has beemeliminated for this reason).° This form of selection is in- 
tentional since the theme of the paper is the early management of 
acute laryngeal injuries, rather than secondary management of 
the late sequellae of laryngeal trauma. 


MANAGEMENT 


The diagnosis of laryngeal trauma was based on the history and 
physical examination (Table 2).' Emergent measures included 
preservation of the airway, cardiac resuscitation, control of 
hemorrhage, and stabilization of neural and spinal injuries, fol- 
lowed by a systemic search for other organ system trauma. The 
unstable airway was managed by tracheotomy, rather than endo- 
tracheal intubation. In the patient with a nondeteriorating air- 
way, indireet laryngoscopy was considered an important part of 
the diagnostic evaluation. 


Throughout the 17 years encompassed by this paper, lateral 
soft tissue x-ray examination of the neck was routinely performed, 
along with radiographic examination of the cervical spine. In the 
past two years, computerized tomographic scanning (CT) was 
selectively employed to identify patients who would benefit from 
surgery. Management in both the prospective and retrospective 
populations was divided into four groups. 


Group 1. Findings included minor endolaryngeal hematomas 
or lacerations, and absence of a detectable laryngeal fracture. 
Computerized tomographic scanning was performed to confirm 
the clinical impression of the injury. Management consisted of 
close observation, head-of-bed elevation, and humidification of 
inspired air. 


Group 2. Findings included edema, hematoma or minor 
mucosal disruption without exposed cartilage. Management con- 
sisted of tracheotomy, direct laryngoscopy and esophagoscopy. As 
was true of group 1, no further operative intervention was at- 
tempted because the potential for spontaneous resolution of the 
injured site was felt to be superior to surgery. Utilization of the 
CT scanner permitted examination of fracture sites. In the pro- 
spective group, nondisplaced fractures accompanied by hema- 
toma or minor laceration and requiring tracheotomy were spared 
open exploration. Prior to CT application, such injuries might 
have undergone thyrotomy if the mucosal edema was massive 
enough to preelude an optimal direct endoscopic examination. 


Groups 3 and 4. Findings included massive edema, mucosal 
tears, exposed cartilage and cord immobility. Following tracheot- 
omy and endoscopy, the larynx was explored either through a 
midline thyrotomy or a laryngofissure in the case of a paramedian 
fracture. Computerized tomographic scanning was omitted 
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TABLE 1. TREATMENT GROUPS (N = 87 


Retrospective Prospective 
Group 1965-1977 1978-1982 Total 
] 7 rd 14 
2 5 17 22 
3 14 4 18 
4 26* 7 33 
87 


"Excludes one patient in a previous report. 


because these injuries were so significant that it was oFvious that 
further surgery was needed. All mucosal injuries were carefully 
identified and approximated using 5-0 or 6-0 absorbale suture. 
The anterior free margin of each true vocal cord Was sutured to 
the cartilage or external thyroid perichondrium at the thyrotomy 
site to reconstitute the anterior commissure. Particularly in the 
prospective group, this technique permitted one to ave id stenting 
if a mucosa-covered anterior commissure could be established. 
When the anterior half of the larynx (true and/or false vocal 
cords) were disrupted or the skeleton was likely to -emain un- 
stable, a lumen-keeping stent was employed. In grouy 4 patients, 
stability and mucosal injuries usually were of simi arly severe 
magnitudes, with two or more fracture sites often aecompanied 
by massive trauma to the laryngeal lining, 

In the retrospective population, stenting was performed using 
either commercially available stents. a finger of a sı rgical glove 
filled with sponge rubber or a Portex endotracheal tube stent.” 
After 1975, the Portex stent was used exclusively. These “lumen 
keepers” were fixated with 2-0 Prolene suture passed externally 
through laryngeal ventricle and cricothyroid membrane. Further 
sutures were placed from the inferior stent to the che:t skin via the 
tracheotomy and from the superior stent to the nose. to permit 
recovery of the stent if the fixation sutures failed. Frior to 1975. 
Wire was used to fix these stents and was thereafter abandoned in 
three patients due to breakage. At no time during the entire 17 
years covered by the study were skin or mucous membrane grafts 
utilized. Cartilage was repaired with either wire er nonabsorb- 
able suture, with the latter method most often used in the pro- 
spective group. Removal or debridement of the laryngeal skeleton 
was limited to fragments which were totally avul.ed from their 
perichondral blood supply. In both study populations, stents were 
removed by endoscopy under general anesthesia at ‘our weeks. 


RESULTS 


The mechanism of injury for the prospective 
group is given in Table 2. The results by manage- 
ment group for both the retrospectively and pro- 
spectively treated patients are summarized in Table 
3. Success was measured by the quality of the voice 
and airway. A good voice was one that was close to 
normal or comparable to the patient's preinjury 
voice. Moderate to marked hoarseress was de- 
scribed as a fair voice, and phonation just above a 
whisper was classified as poor. Airway quality was 
judged good if the patient denied restriction: fair 
with mild to moderate restriction; and poor if per- 
manent tracheotomy was necessary." 


TABL = 


Presenting Symptoms 









Pain, Subcut 
Group Hoarseness Tenderness Hemoptusis Dys hagia Emphysema 
l 5 4 
2 6 2 2 ] 
3 2 2 ] l 
4 2 2 ] 


MVA - Motor vehicle accident. 


2. PROSPECTIVE POPULATION PROFILE 


In groups l and 2 all 36 patients (12 retrospective 
and 24 prospective) obtained a good voice and air- 
way. Within group 1, four patients were managed 
by observation only because CT examination 
showed nondisplaced fractures and hematomas 
Which were likely to spontaneously resolve (Fig. 1). 
The CT scanner also proved useful in group 2 pa- 
tients. In particular, one patient underwent an 
emergency tracheotomy in the emergency room, 
Computerized tomographic scanning revealed an 
intact laryngeal skeleton and Massive edema was 
identified at direct laryngoscopy. Without CT ex- 
amination and with edema that precluded adequate 
endolaryngeal assessment, open exploration would 
have been the next step in the care of this patient. 
Instead, further surgery was avoided and the pa- 
tient was decannulated at five days with a good air- 
way and voice. Nine prospectively managed pa- 
tients in group 2 underwent concurrent open neck 
exploration without thyrotomy for vascular and 
pharyngeal injuries. Two of these patients had 
minor fracture dislocations which were repaired 
without entering the larynx. 

Ten of the 18 group 3 patients were available for 
follow-up, ranging from one month to five years. 
One patient (prospective group) died from sepsis 
nine days after injury, following disruption of C-4 
vertebrae, quadriplegia and CSF fistula secondary 
to a gunshot wound. With the exception of the one 
death, all patients were decannulated without com- 
plication within 14 to 35 days. Airway results were 
good in all patients. with nine having a good voice 
without further surgery. Another patient (retro- 
spective group) suffered a thyroid-cricoid fracture 
and was explored at 48 hours. This patient devel- 
oped a good airway and a fair voice. Six months 
after injury, one patient (prospective group) under- 
went left true vocal cord Teflon injection for recur- 
rent laryngeal nerve paralysis. Following this pro- 
cedure the patient achieved a good voice. 


Thirty-three group 4 patients (26 retrospective 
and 7 prospective) were treated, and followed from 
two months to nine years postinjury. In this group, 
one patient died three days following injury from 
transection of the spinal cord and cerebral anoxia 
following carotid artery disruption from a missile 
wound. Another patient was assaulted and died 
three days after removal of the Portex stent. Stents 
consisted of soft sponge in 19 patients (retrospective 
group only) and Portex tube in 14 (7 retrospective 
and 7 prospective); both were removed four weeks 











Method of ple 
Impaired Assault 
Respiration Hematoma MVA Blunt Penetrating 






4 2 l 
5 3 5 4 8 
3 l 4 
5 l 2 4 
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TABLE 3. RESULTS OF TREATMENT OF EVALUABLE 
PATIENTS (N = 73) 


Voice Airway 
Group Good Fair Poor Good Fair Poor 
l 14 = = 14 s5 = 
2 22 = az 92 aa 
3 g* l = 10 = — 
4t 18 8 _ 25 ~_ 2 


“One patient achieved a good voice after Teflon injection of the true 
vocal cord following recurrent nerve injury. 


tOne patient not evaluated due to prolonged coma. 


after injury. Decannulation varied from 35 to 100 
days after injury, with two patients in the retro- 
spective group requiring permanent tracheotomy. 
In one of these patients, cannulation was required 
for pulmonary toilet necessary for anoxic brain 
damage suffered following cardiac arrest. The 
other patient was an elderly woman who continued 
to use a small-diameter tracheotomy tube with a 
fair voice and a fair airway clinically (classified as 
poor for purposes of study) but refused decannula- 
tion.° Twenty-five other patients were available for 
evaluation, all of whom achieved a good airway. 
Eighteen (14 retrospective and 1 prospective) pa- 
tients had a good voice and 7 (6 retrospective and 1 
prospective) a fair voice. Complications in the 
group 4 patients included 1) avulsion of the entire 
mucosa of one side of the larynx following endotra- 
cheal intubation (Fig. 2), 2) slippage or expulsion of 
stent secondary to wire breakage in three patients 
(retrospective group), 3) total airway obstruction 
following attempted endotracheal intubation in 
four patients who were successfully rescued by tra- 
cheotomy, and 4) perichondritis nine years after in- 
jury necessitating temporary tracheotomy and hos- 
pitalization for antibiotic therapy.° 


Antibiotics, usually a cephalosporin, were given 
for ten days or less to patients who underwent a 
surgical procedure. Infection was limited to those 
with massive pharyngeal and spinal column trauma 
following gunshot wounds. As stated earlier, such 
injuries accounted for the two deaths in this series. 
Steroids were used in a few of the group 1 patients, 
making their benefits difficult to assess. 


DISCUSSION 


The results following the prospective manage- 
ment of laryngeal trauma by the author for the past 
four years are considered along with the concepts 
established over the previous 13 years. A com- 
parison of the two study populations shows an in- 
crease in the relative number of assaults and a 
decrease in automobile-related injuries. The intent 
of this paper is to draw upon this experienee to im- 
prove airway and voice function following the vari- 
ous forms of laryngeal trauma. 


Emergent Care. There is an unfortunate tenden- 
cy for nonlaryngologists to regard all airway 
emergencies as best managed by endotracheal in- 
tubation. Following laryngeal trauma, intubation 





Fig. 1. Computed tomographic scan of patient with non- 
displaced thyroid cartilage fracture (A). Right true vocal 
cord is enlarged due to hematoma, and right arytenoid (B) 
lies superior to left arytenoid, resulting from hematoma 
within cricoarytenoid joint. 


is hazardous. The few patients so managed (initial 
care conducted by nonotolaryngologist) developed 
serious iatrogenic complications. These findings 
lead the author to reinforce the statement of others 
recommending tracheotomy under local anesthesia 
for all suspected laryngeal trauma patients requir- 
ing airway support for either further diagnostic or 
surgical management." >56- In this series, stridor 
and difficulty breathing were the most consistent 
symptoms with severe airway trauma, and hence, 
the need for tracheotomy (Table 2). 


Diagnostic Evaluation. In the stable airway, in- 
direct laryngoscopy permits rapid assessment of the 
site and degree of injury. Computerized tomo- 
graphic scanning has further refined this evaluation 
allowing one to visualize the skeleton and soft tissue 
of the larynx. However, as a costly radiographic 
procedure, the CT scan should be applied to those 
cases where the findings will influence a therapeu- 
tic decision, not to confirm a clinically obvious 
massive injury. Esophagoscopy was performed con- 
currently with direct laryngoscopy to exclude 
pharyngeal and esophageal injuries, and remains a 
valuable diagnostic adjunctive procedure. '° 


Operative Intervention. Beyond the need to es- 
tablish an airway by tracheotomy, surgical therapy 
should be considered when spontaneous resolution 
of the laryngeal injury is unlikely. The results of this 
study and others suggest that a full recovery 
without operative treatment is likely with edema, 
hematomas without mucosal disruption, single non- 
displaced thyroid cartilage fractures in the other- 
wise stable larynx and small lacerations (and mod- 
erate lacerations of the supraglottic larynx) not in- 
volving the anterior commissure. 


The CT scan may complement the indirect laryn- 
goscopy by evaluating the laryngeal skeleton and 
soft tissue, thereby either avoiding or supplemen- 
ting direct laryngoscopy in certain cases. Open ex- 
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Fig. 2. Operative findings in patient with avulsion of right 
mucous membrane of larynx following false passage vf en- 
dotracheal tube. Inset) Artists drawing of same.AE 
-Avulsed epiglottis; TC - Thyroid cartilage; MM - M icous 
membrane. 


ploration of the larynx is felt to be indica-ed for 
large mucosal lacerations (particularly of the ante- 
rior commissure), displaced or comminutec carti- 
lage fractures, avulsed mucosa and dislocated ary- 
tenoids. 


Operative Timing. Acute operative management 
(within 24 hours) evolved as a policy at the Univer- 
sity of Texas Health Science Center at Dellas in 
response to the large volume of trauma patients 
treated at Parkland Memorial Hospital aad has 
been reinforced by other reports.'-?°? The results of 
the current study lend strong evidence to the ef- 
ficacy of an early surgical management program, 
rather than waiting several days for edema to 
resolve.'' Immediate surgical intervention aided 
identification of mucosal, muscular and carti- 


laginous injuries, permitting primary approxima- 
tion of all involved tissues. 


Laryngeal Stents. Internal stents or lumen keep- 
ers serve to splint unstable fractures and allow 
mucosal wounds to heal without leading to webs, 
adhesions or stenosis. Since many of the more severe 
injuries disrupt the anterior commissure and in- 
volve multiple cartilaginous fractures, stenting 
following thyrotomy is often indicated. In the pres- 
ent series, stenting was avoided when the laryngeal 
skeleton remained stable after open reduction and 
the mucous membrane of the anterior commissure 
was intact prior to open exploration. Stents were 
used when the anterior commissure had been trau- 
matically disrupted despite primary repair of the 
mucous membrane to avoid the possible formation 
of a web. In choosing a stent, the surgeon should 
avoid rigid materials which might lead to further 
mucosal trauma. The stent should be fixed within 
the endolarynx in such a way that it moves with the 
larynx during swallowing and is consistently 
recoverable at endoscopy without further trau- 
matizing the larynx.?:7""! 


Grafts. In the present study (retrospective and 
prospective), skin or mucosal grafts were not util- 
ized because in all 51 explored cases wounds were 
primarily closed. Grafts have been advocated as a 
supplement to primary closure to epithelialize areas 
of potential mucosal loss, and such a policy is cer- 
tainly reasonable and well established.'-3 The 
author would only comment that grafts should not 
be considered as a substitute for careful approxima- 
tion of mucosa, muscle and cartilage necessary to 
preserve the dynamic function of the larynx. 


The results presented in this paper represent an 
evolving process in diagnostic and surgical treat- 
ment of laryngeal trauma. From this work the term 
“primary management” has come to signify two 
meanings. In one sense, “primary” indicates im- 
mediate or acute surgical intervention. In another 
sense, “primary” refers to the tissue closure method 
which is possible in the early injury period. Follow- 
ing these concepts, it is possible to restore phonation 
and respiratory function to the acutely injured lar- 
ynx. 
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Nasotracheal intubation for the management of airway obstruction in acute epiglottitis has become a well-received practice. How- 
ever, the same technique has not received widespread support in laryngotracheobronchitis. The purpose of this study was to update the 
series of nasotracheal intubations in croup and epiglottitis from Columbus Children’s Hospital with the specific intent to evaluate its effec- 
tiveness. All patients were evaluated for any immediate and delayed complications. Delayed complications were evaluated using parent in- 
terviews and measuring expiratory flow rates. This study of 45 children intubated for epiglottitis and 83 intubations for croup reconfirms 
the earlier report from this institution about its safety in both conditions. However, it has identified a subset of the croup patients who are 
definitely at risk to develop complications of the technique. In those children under 1 year of age, a disturbingly high incidence of subglot- 
tic stenosis was identified and this appeared to be related to the patient’s age, tube size, serial intubations (dilatations), and duration of in- 
tubation. Suggested guidelines for airway management in the light of the new information are presented. 


INTRODUCTION 


The treatment of laryngotracheobronchitis 
(croup) and acute epiglottitis has been gradually 
evolving over a number of years. Morgan and Wis- 
hart' cited a 75% mortality for these diseases in 
1928. This rate improved dramatically as the im- 
portance of good airway management was appre- 
ciated. Although the use of endotracheal tubes for 
the relief of inflammatory upper airway obstruction 
was suggested as early as 1880 by MacEwan,’ tra- 
cheotomy became the initial treatment of choice be- 
cause of its effectiveness and supposed relative safe- 
ty. The first modern use of nasotracheal intubation 
in the treatment of croup and epiglottitis patients 
was reported by Allen and Steven in 1965.* Since 
then there have been numerous reports in the litera- 
ture demonstrating the safety of nasotracheal intu- 
bation in the airway management of epiglottitis pa- 
tients. °? However, there is little information avail- 
able regarding the safety of intubation in croup 
cases. SIO 


It is the purpose of this paper to expand the orig- 
inal series of intubated croup and epiglottitis pa- 
tients from the Columbus Children’s Hospital with 
particular attention being directed to the use of in- 
tubation in croup patients. The immediate and de- 
layed complications directly attributable to naso- 
tracheal intubation in croup and epiglottitis will be 
analyzed as well as technical factors felt to be re- 
sponsible for them. 


SUBJECTS AND METHODS 


All patients admitted to Columbus Children’s Hospital with 
either infectious croup or epiglottitis from January 1973 through 


December 1979, were included in the study (Table 1). However, 
three patients were admitted after tracheotomy had been per- 
formed at another institution and were subsequently excluded. 
The study population, therefore, included 626 cases of croup and 
55 cases of epiglottitis. Eighty-three (13%) of the croup and 45 
(82%) of the epiglottitis patients underwent endotracheal intuba- 
tion. 


Evidence of immediate intubation complications was collected 
from each patient’s hospital record. The presence of delayed com- 
plications was investigated by three means: 1) the medical records 
were examined for records of subsequent hospital admissions re- 
lated to upper airway obstruction, 2) the parents were contacted 
and carefully questioned regarding the persistence of any symp- 
toms referrable to clinically significant upper airway damage, 
and 3) the peak expiratory flow rate was measured using the adult 
model Wright Peak Flowmeter, a pulmonary function test that 
has been found useful in assessing obstructive airway disease in 
children. This particular test was chosen because the normal 
values have been determined by testing over 4000 subjects and 
have shown close agreement among distinct, independent studies.'*''® 


RESULTS 


Means of Intubation. The technique is the same 
as that described in an earlier paper from this insti- 
tution.* Intubation is accomplished ideally in the 
operating room by a staff anesthesiologist, as per- 
formed in 76% of the epiglottitis intubations and 
87% ef the croup intubations. A greater percentage 
of the epiglottitis patients were intubated in the 
emergency room or at outlying hospitals than the 
croup patients, again revealing the fulminant na- 
ture of this disease. 


It was not unusual for the first tube selected to be 
too large, requiring the selection of a smaller diam- 
eter tube. This was particularly true in the croup 
cases. Twenty-five percent of the croup patients 
had the initial tube replaced with a larger tube. 
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TABLE 1. PATIENTS ADMITTED WITE 
CROUP OR EPIGLOTTITIS 


Primary Popu- Nonin- Intubated 
No. Trache- lation tubated Cases 


Cases otomy Studied Cases No. % 


Croup 629 3 626 543 8&3 13 
Epiglottitis 59 0 55 10 45 82 
Totals 684 681 128 19 


This was only necessary in seven percen- of the 
epiglottitis patients. The tube changes occurred be- 
cause of inadequate size for maintenance of the pa- 
tients airway. This often resulted in a diletory ef- 
fect on the edematous tissue. The critical factor 
with respect to tube size is that an adequate airway 
is established and not a maximal airway which 
would be more traumatic to the inflamec tissue. 
Uncuffed polyvinyl chloride tubes are used, and the 
tube is usually one or two sizes smaller than normal 
for the patient (Table 2). The tube is secu-ed to a 
Logan bow which is taped to the face. Moderate to 
severe difficulty, as recorded on the anesthesia 
record, was encountered in intubating 29% of the 
epiglottitis patients and 35% of the croup ratients. 
There have been no cases where an endotracheal 
tube could not be inserted. 


Course of Intubation. The average duration of 
intubation was 60 hours in the epiglottitis and 144 
hours in the croup patients (Table 3). Twen-y-three 
(18 % ) of the patients extubated themselves <ecciden- 
tally and 14 of them required reintubation zor con- 
tinuing respiratory distress. In addition, seven (8 % ) 
of the croup patients required reintubation because 
of tube occlusion with thick secretions. Te vital 
signs, especially temperature, and the patient's 
return to near-normal activity, were the parameters 
used to determine the optimal time for elective ex- 
tubation. This was routinely done in the recovery 
room with a staff anesthesiologist in constant at- 
tendance. However, 19 (23%) of the in-ubated 
croup patients and one (2%) of the intubated epi- 





TABLE 2. SIZE OF ENDOTRACHEAL TUBE USED IN CROUP PATIENTS (N = 78) 


glottitis patients continued to have respiratory 
distress following the tube removal and subsequent- 
ly needed reintubation. Seven (8 %) of the croup pa- 
tients underwent tracheotomy because of inability 
to extubate after prolonged intubation. The in- 
tubated epiglottitis patients remained in the hos- 
pital an average of six days versus ten days for the 
croup patients. 


Immediate Complication Rate. In the group of 
45 intubated epiglottitis patients, there were no im- 
mediate complications. One patient had hypoxic 
brain injury before intubation at an outlying hospi- 
tal. 


In the group of 83 intubated croup patients, 73 
(88%) had no immediate complications. One pa- 
tient extubated himself the night of intubation and 
suffered hypoxic encephalopathy and a permanent 
neurologic deficit. Nine patients (11% ) developed 
subglottic stenosis with seven of these patients re- 
quiring tracheotomy before discharge. One 
patients tracheotomy tube became decannulated 
the night before discharge and he died. 


Because of the disturbingly high incidence of sub- 
glottic stenosis in the patients intubated for croup, 
these patients were analyzed in greater detail in 
order to determine any similarities. Seven of these 
nine patients were under 1 year of age with the 
average being 11 months. Of the 20 intubated croup 
cases under l year of age, seven patients (35 % ) 
developed subglottic stenosis. Among the 7 of 9 
stenosis patients in which nasotracheal tube sizes 
are reported, 6 had the inflamed subglottic larynx 
“dilated” with a larger tube which was felt to be a 
better size for airway maintenance. In addition, the 
tube sizes in the stenosis patients were usually larger 
and frequently approached the sizes generally used 
in children with normal airways (Table 2). The 
children who developed stenosis were intubated 
longer than those who did not develop stenosis (10.5 
days vs 5.3 days). This longer duration reflects the 
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TABLE 3. COURSE OF INTUBATION 


Croup Epigtottitis 
(n = 83) (n = 45) 
Self-extubation 18 (22%) 5 (11%) 
Reintubation 12 (67%) 2 (40%) 
Tube occluded and 
reintubated 7( 8%) 0 
Total 25 (30%) 5 (11%) 
Reintubation after elective 
extubation 19 (23%) 1 ( 2%) 
Tracheotomy 7 ( 8%) 0 
ee duration of 
intubation 144 hours 60 hours 
Average hospital stay 10 days 6 days 


difficulty encountered with extubation. An attempt 
was made to electively extubate all but one of the 
stenosis patients by the sixth day of intubation and 
two patients developed stenosis after being in- 
tubated for only three and four days respectively. 
All the stenosis patients underwent subsequent la- 
ryngoscopies with dilatations and/or steroid injec- 
tion (range 1-23 procedures). Six of the seven pa- 
tients requiring tracheotomy have been successfully 
decannulated with the one exception who is pre- 
sently wearing a Silastic T-tube after laryngoplasty. 


Delayed Complication Rate. A group of 43 croup 
patients (52%) were located for evaluatior of any 
delayed complications. Inquiry regarding the exis- 
tence of any postextubation symptoms revealed 
100% to be asymptomatic. Measurements of peak 
expiratory flow rates were then attempted in 40 of 
these same patients. Due to the young age and re- 
sultant inability to comprehend the task in some 
cases, it was possible to obtain measurement in 36 of 
the patients, with 100% being normal. Of the 45 in- 
tubated epiglottitis patients, 26 (58% ) were asymp- 
tomatic and 21 had normal peak flow rates. 


DISCUSSION 


Some guidelines for the management of acute up- 
per airway obstruction in children have been form- 
ulated from the literature over the past decade. Sev- 
eral articles*®°’'’'® have described the favorable 
use of nasotracheal intubation in the management 
of epiglottitis patients. The safety of this technique 
is reconfirmed in the present study. At the same 
time, other surgeons have reported large series of 
epiglottitis patients managed by tracheotomy with 
comparable morbidity and mortality. '™ >= Given 
the nearly equal morbidity and mortality for these 
two techniques, nasotracheal intubation appears to 
be preferable to tracheotomy because a surgical 
procedure is obviated and the duration of hospitali- 
zation is shortened, as reported in most series.”''**’ 


Although there is now adequate guidance in the 
literature for the management of the airway in epi- 
glottitis, a paucity of reports exists for croup. This is 
somewhat surprising as croup associated with respi- 


TABLE 4. RECOMMENDED MAXIMAL TUBE SIZE 
IN INTUBATED CROUP PATIENTS 





Tube Size 

Age (ID mm) 
Neonate-lyear 3.0 
1-2 years 3.5 
2-5 years 4.0 
5-8 years 4.5 
3 years- + 5.0 


ratory failure is more frequently seen than epiglotti- 
tis. The few reports in the literature specifically ad- 
dressing the use of nasotracheal intubation in croup 
patients have given mixed conclusions regarding its 
safety. Allen and Steven** concluded that nasotra- 
cheal intubation in croup patients was a safe tech- 
nique as long as strict guidelines were followed. 
They reported three subglottic stenoses in 129 pa- 
tients 2.3%) intubated for croup. Downes et al" 
reported three cases of subglottic stenosis and two 
cases ef subglottic granuloma formation in 11 in- 
tubated patients. In a subsequent report,’’ they ad- 
vised tracheotomy for croup patients suggesting 
that the nasotracheal tube acted as a foreign body 
which further irritated the inflamed, edematous 
mucosa. The previous report from our institution 
concluded that nasotracheal intubation for croup 
was a safe procedure. This report confirms that con- 
clusion, but it also reveals some limitations of this 
technique for a particular group of children. 


Management of the croup patient with respira- 
tory failure is more difficult than that of the epiglot- 
titis petient and this is probably related to the dif- 
ferent histopathology. Unlike epiglottitis, croup is a 
diffuse inflammatory process involving the entire 
upper and lower airway. These patients are more 
difficult to intubate and the first tube selected will 
often aot pass beyond the inflamed subglottic tis- 
sue. The younger age of children with croup com- 
pared with epiglottitis further exacerbates the prob- 
lem. Thus, the clinician is caught between placing a 
tube large enough to adequately ventilate the pa- 
tient, but not so large that it irritates the injured 
subglottic larynx. 


The copious secretions seen in croup patients is a 
further complicating factor. These secretions, along 
with the smaller diameter tubes, account for the 
8% incidence of tube occlusion. The higher inci- 
dence of self-extubation in croup (22%) compared 
to epiglottitis (11%) is probably related to the fact 
that the duration of intubation was twice as long 
with croup. Two thirds of the self-extubated croup 
children required emergency reintubation versus 
40% for the self-extubated epiglottitis patients. Ad- 
ditionally, there is the high incidence of reintuba- 
tion (23%) following elective extubation. When the 
patients who developed subglottic stenosis are 
analyzed for contributing factors, young age, tube 
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size, duration of intubation, and “dtlating” the 
subglottic larynx appear to be the most important. 
The infant larynx already injured by acut2 inflam- 
mation does not tolerate the additional insult of re- 
lentless pressure by an endotracheal tube. 


Because of the unacceptably high incidence of 
subglottic stenosis in children with croup under 1 
year of age, the following guidelines foz airway 
management in children are currently being consid- 
ered. When a croup patient develops signs of respir- 
atory failure, he is taken to the operating room 
where nasotracheal intubation with generel inhala- 
tional anesthesia is performed using the zube size 
listed in Table 4 (modified after Allen and Steven).” 
This table lists the maximal tube size utilized for 
each age group and does not correspond to the max- 
imal tube size for normal children of a similar age. 
Gentle advancement of the tube beyond the edema- 
tous tissue is emphasized. If the first tube selected 
will not gently pass through the larynx. then a 
smaller size is attempted. After a tube is inserted, a 
larger tube should not be substituted. The edema- 
tous subglottic larynx should not be further stressed 
by dilating it. If the successfully passed tude seems 


too small in diameter to adequately sustain the pa- 
tient’s ventilation or is too small to permit effective 
suctioning, then an orderly tracheotomy should be 
performed. 


After the tube is successfully passed, it is securely 
fixed to the patient’s head and the patient is placed 
in the medical intensive care unit where he will 
receive continuous surveillance. All patients receive 
frequent suctioning and constant humidification to 
the tube. The use of restraints and/or sedation is im- 
portant to hopefully avoid self-extubation. Tech- 
niques of objectively assessing the time for elective 
extubation are currently being developed. Those 
patients who require reintubation will undergo 
tracheotomy and subsequent laryngoscopy before 
tracheal decannulation. 


EFighty-eight percent of the intubated croup pa- 
tients in the present series and 92% in the total ex- 
perience were successfully treated without serious 
complications. However, the percentage of patients 
less than 1 year old developing subglottic stenosis is 
too high. The above-mentioned recommendations 
will hopefully result in a dramatic improvement. 
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TREATMENT OF SEVERE SUBGLOTTIC STENOSIS WITHOUT 
TRACHEOTOMY 


A PRELIMINARY REPORT 


LAUREN D. HOLINGER, MD 


CHICAGO, ILLINOIS 


Subglottic stenosis in neonates, infants and children is one of the most challenging problems confronting the pediatric otolaryngologist 
today. Small patients with congenital or acquired stemosis severe enough to require tracheotomy must undergo repeated endoscopic pro- 
cedures or laryngotracheal reconstruction; weeks, months, or years may be required to attain a lumen large enough to permit decannula- 
tion. During 1981, six infants and children with severe subglottic stenosis were managed without tracheotomy. The surgical technique 
employed involves endoscopic excision of the offending subglottic tissue using the CO, laser and suspension microlaryngoscopy. In- 
traoperative intubation is avoided by using an insufflation technique for general anesthesia which permits unobstructed visualization of the 
larynx, thereby avoiding laryngeal trauma and edema. 


In 1974, Fearon and Cotton' startled the pedi- full term infant, or child requiring tracheotomy 
atric otolaryngologic community with their report who is stable and healthy enough to breathe spon- 
of a 24% mortality rate in 25 infants and children taneously and undergo general anesthesia, would 
with severe subglottic stenosis and tracheotomy be a candidate for the procedure. The ideal applica- 
who were managed conservatively. While the mor- tion for the described technique is a discrete, short, 
tality in another series? (85 tracheotomy-dependent soft tissue subglottic stenosis which does not involve 
patients with subglottic stenosis) was considerably the entire circumference of the subglottic larynx 
less (5.9%), the fact remains that the mortality (Fig. 1). However, the technique has been used suc- 
among these small children is significant. Cotton cessfully in cases which have also had involvement 
and Evans,’ among others, therefore began to ad- of the supraglottic or glottic larynx, or upper tra- 
vocate a more aggressive approach to the manage- chea as well. A case report of the first child with 
ment of these patients; of 103 patients who under- severe subglottic stenosis managed without trache- 
went laryngotracheal reconstruction to treat otomy illustrates the indications and usefulness of 
mature, hard, fibrous, unresponsive scar in the the precedure. 
subglottic larynx, they had only 1 surgical mortali- CASE REPORT 


ty: a mortality rate of less than 1%. 
Case 3. The patient was a 4'/,-month-old female who had been 


Ideally, severe subglottic stenosis would be well until age 2 months, when she had begun to have typical 
treated without tracheotomy at all. Cotton and symptomis of upper airway obstruction. Endoscopic evaluation by 
Seid’ have been able to accomplish this in a pediatric surgeon yielded no specific diagnosis but the laryngeal 
premature infants by using an anterior crocoid split sabi pie ae . be slightly small. The patient was placed on 

ymptoms remained stable for one month. In- 
as an alternative to tracheotomy when extubation creasing symptoms prompted the parents to seek the opinion of an 
attempts failed. Johnson and Stewart> and Down- otolaryngologist who observed a small larynx; severe respiratory 
ing and Johnson‘ have used the infant urethral distress following the laryngoscopy necessitated intubation. The 


patient extubated herself the night following the procedure; im- 


resectoscope to treat three children with subglottic l i 
mediate reintubation was necessary. 


stenosis without tracheotomy. Koufman et al’ re- 


i i à tably with a 3.0# orotracheal tube securely in place. Chest x-ray 
sis with the CO, surgical laser; tracheotomy was l l l i 
š , : films and barium esophagram had been normal; lateral xeroradi- 
avoided in three children who had severe subglottic ogram of the neck suggested airway compromise at the glottic or 
stenosis. The present report presents the prelimi- subglottic level. She was extubated 48 hours later. In spite of ster- 
nary results of six infants and children with severe oids and racemic epinephrine she developed progressive airway 


distress with increasing pCO, and therefore was taken to the oper- 
ating room for laryngoscopy and bronchoscopy under general an- 
esthesia. The larynx was erythematous and edematous through- 


‘Tis indiaans for l tof out; the subglottic larynx had a fullness on the left covered with 
S tor laser management or severe normal but traumatized mucosa. An eschar was present postero- 


subglottic stenosis without tracheotomy are not yet laterally an the left where there was also early granulation tissue 
well defined. It seems that any premature infant, formation. Telescopic examination of the trachea and main bron- 


subglottic stenosis managed endoscopically without 
tracheotomy using the CO, laser. 


From the Division of Otolaryngology and Communicative Disorders, Department of Surgery, The Children’s Memorial Hospital, and the Department 
of Otolaryngology and Bronchoesophagology, Rush Medical College, Rush-Presbyterian-St. Luke’s Medical Center, Chicago. 


Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 1-2, 1982. 
REPRINTS — Lauren D. Holinger, MD, 155 North Michigan Avenue, Chicago, IL 60601. 


407 


408 LAUREN D. HOLINGER 





Fig. 1. (Case 4) Posteroanterior chest x-ray film demon- 
strating subglottic stenosis primarily involving left suoglot- 
tic larynx. 


chi was normal. Biopsies of the subglottic area showed Tagments 
of columnar and squamous mucosa with inflammatior and hy- 
perplasia. The subglottic lumen was enlarged endoscopically with 
the CO, laser, removing tissue primarily from the left. 


The patient had no respiratory symptoms for five da”s follow- 
ing the procedure. Over the next two days she developed intermit- 
tent stridor which responded dramatically to racemic epineph- 
rine. At direct laryngoscopy seven days following the irst laser 
procedure, an eschar was observed in the left subglot ic larynx 
compromising the airway by 50% . It was removed with cupped 
forceps and the area was again biopsied. An 18 Fre ich brass 
laryngeal dilator was passed easily. The biopsy shoved small 
fragments of squamous epithelium and fibrous tissue vith acute 
and chronic inflammation and occasional foreign bedy giant 
cells, 


Although she remained asymptomatic endoscopic re-evaluation 
was accomplished one week later. The mucosa in the le t subglot- 
tic larynx was somewhat rough but the airway appeared normal; 
the 18 French dilator passed with ease through the lerynx. She 
was discharged to be followed by her pediatrician. 


Ten and one-half months later the parents were contacted to 
obtain follow-up information for the present study. S ridor and 


Wheezing had recurred, which her pediatrician had diagnosed as 
asthma and was treating with bronchodilators. Shortly thereafter 
she developed acute, more severe respiratory distress which did 
not respond to subcutaneous epinephrine; racemic epinephrine 
and systemic steroids did relieve symptoms somewhat. A croup- 
like cough developed. Lateral xeroradiogram of the neck showed 
airway compromise at the glottic and subglottic larynx. The pa- 
tient underwent endoscopic re-evaluation and laser excision of 
subglottic tissue on the left within one week (Fig. 2). Another 
similar procedure one week later relieved recurrent symptoms; 
she has had occasional mild stridor since. 


METHODS AND MATERIALS 


During 1981, 24 patients with subglottic stenosis were diag- 
nosed by the author at The Children’s Memorial Hospital and 
Rush-Presbyterian-St. Luke’s Medical Center in Chicago. Fol- 
low-up is reported through May 1, 1982. A detailed review was 
made of the six patients whose subglottic stenosis was severe 
enough the require tracheotomy but in whom tracheotomy was 
avoided by enlarging the airway with the CO, laser (Table 1). 


The diagnosis was confirmed endoscopically. Laryngoscopy 
and bronchoscopy were carried out in all patients to identify any 
other abnormalities of the larynx and tracheobronchial tree; 
usually this was not done at the initial procedure because of the 
extreme degree of airway obstruction. Any instrumentation of the 
subglottic larynx might have produced traumatic edema and pre- 
cipitated tracheotomy. Examination of the tracheobronchial tree 
was accomplished without passing a bronchoscopic tube in three 
patients. They were examined with the Hopkins rod telescope 
(from a 3 mm x 20 cm Storz bronchoscope) which was passed 
carefully through the subglottic area into the trachea and each 
main bronchus, thus avoiding the additional trauma of the larger 
bronchoscopic tube. 


The Cavitron CO; laser coupled to a Zeiss operating micro- 
scope was used for all patients. One to 1.5 mg/kg of dex- 
amethazone (Decadron) was given intravenously prior to or dur- 
ing most endoscopic procedures to minimize postoperative 
edema. Postoperatively, patients were kept on high humidity ox- 
ygen or an ultrasonic nebulizer to minimize eschar formation. 
Build-up of fibrinous exudate and eschar formation often neces- 
sitated follow-up procedures to remove the eschar and re-establish 
an adequate airway. Typically, this occurred 3-6 days following a 
laser procedure. Racemic epinephrine (0.1-0.5 ml, 2.25% diluted 
in 2.5 cc normal saline) delivered with a nebulizer with 100% O, 
via face mask often provided temporary relief from respiratory 
distress. 

Most patients were premedicated with atropine only (0.03 
mg/kg). Pentazocine (Talwin), narcotics and barbituates were 
avoided because of their tendency to depress respiration. General 





Fig. 2. (Case 3) A) Preoperative endoscopic view of recurrent soft subglottic stenosis at direct laryngoscopy. Lesion is primarily left- 


sided. Because laryngoscope is in right corner of mcuth right voc 


al cord obscures right subglottic area. B) Intraoperative view. Laser 


excision of lower portion of stenosis has been ac somplished. Trauma from laryngoscope has produced edema in anterior and 
superior portions of subglottic area. C) Immediate sostoperative view. Endoscopic excision has been completed with enlargement of 


airway. Mucosa at the anterior commissure has been spared. 
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TABLE 1. SEVERE SUBGLOTTIC STENOSIS PATIENTS TREATED WITHOUT TRACHEOTOMY 


Age at 


Patient 
No. 





18 mo 


14 mo 


2 mo 


Onset of Diagnosis 
Sex Symptoms (Ist Endo. 


4'h yr 


14'/, mo 


4'/, mo 


Nature of 
Airway Compromise 


Subglottic: fibrous, circum- 
ferential see submucosal 
fibrosis, chronic inflamma- 
tion) 

Glottic: bilateral cysts, pos- 
terior commissure synechia 


Subglottic: soft tissue; granu- 
lation tissue 

Glottic: anterior glottic web 

Supraglottic: bilateral ven- 
tricular protrusiens; trache- 
al and bronchia! compress- 
ion 

Subglottic: soft tissue (acute 
and chronic inflammation, 
glandular hyperplasia, for- 


eign body giant cells) 


3 wk 10 wk 
(g andular hyperplasia, 
c 


eign body giant cells) 
Birth 8 wk 
biopsied) 


5 mo 5mo Subglottic: soft tissue; edema, 


granuloma, exudate (necro- 


sis, acute inflammation) 


Trachea: circumferential, nig 
w 


(7 mm below cords) 


brous stenosis; aberrant in- 


nominate artery 
Total 


Endo - Endoscopic or endoscopy; RDS - Respiratory distress syndrome 


anesthesia was used in all cases. Routine induction was by mask 
using halothane (Fluothane), nitrous oxide and oxygen. Spontane- 
ous respiration was maintained throughout, assisting the patient 
during induction only if necessary. Topical anesthesia using 1-2 % 
lidocaine (Xylocaine) was administered to the trachea, larynx and 
hypopharynx with an atomizer. The dose of lidocaine did not ex- 
ceed 3 mg/kg. After deepening anesthesia, a large bore suction 
catheter or a small (3-3.5 mm) endotracheal tube was placed 
through one nostril for delivery of anesthetic gases into the 
hypopharynx by insufflation. The position of the tip of the cathe- 
ter in the pharynx was checked with a laryngoscope and the 
catheter carefully held or secured with a small piece of tape to the 
nose or cheek. The fraction of inspired oxygen (FiO.) was limited 
to 50% (0.5). 


A pediatric anterior commissure microlaryngoscope was used 
to visualize the larynx then stabilized with a Lewy laryngoscope 
holder supported on a Mayo stand brought across the patient’s 
chest and abdomen (Fig. 3). 


Biopsies were taken when the airway was adequate. The oper- 
ating microscope and laser were positioned for removal of the of- 
fending subglottic tissue. If anesthesia lightened and the patient 
began to cough or if respiration became too shallow or ceased, in- 
tubation was easily accomplished through the laryngoscope. The 
endotracheal tube was removed when spontaneous respiration 
was restored, permitting an unobstructed view of the larynx for 
endoscopic surgery. 


The laser may be used to remove tissue from the subglottic 
larynx and upper trachea, sometimes as far as 2 cm below the 
superior surface of the vocal cords. This is possible in some infants 
as well as children and adults. Trials with different pediatric 
microscopic laryngoscopes and various angles of alignment are 
necessary to determine which works best with each individual pa- 
tient. Use of the left hand to manipulate the larynx and upper 


Subglottic: soft tissue, left 


ronic inflammation, for- 


Subglottic: anterior, firm (not 


No. of 
Procedures 


Duration of Total 


Clinical Histo Intubation Laser Endo. _ Etiolo 
Prematurity; RDS/BPD, 2 mo 3 3 Acquired 
croup 2/yr; 2 days se- (following 
vere progressive respi- intubation) 
ratory distress 
Aspiration and respira- 2 days 3 10 Acquired 


tory arrest 6 mo after xZ 
divisior of vascular ring. 
Failed extubation 


(following 
intubation) 


Progressive biphasic stri- 
dor; required intubation 
following diagnostic en- 


do. 


oe Sasa stridor and 0 7 ll 
barking cough; acute 

obstruction after diag- 

nostic endo. 


4 days 3 5 Congenital 


Congenital 


Progressive biphasic stri- 
dor; intnbated and trans- 
ferred following diag- 
nostic endo. elsewhere 


Failed extubation follow- 0 2 9 Acquired 
ing meningitis, coma and allowing 
seizures intubation) 


] day l l1 Congenital 


19 39 


; BPD - Bronchapulmonary dysplasia. 


trachea while aiming the laser with the right obviates continual 
realignment of the laryngoscope and operating microscope (Fig. 
4). One attempts to align the target area more perpendicular to 
the directzon of the laser, giving a more precise burn rather than a 
tangentia one. Removal of tissue from the entire circumference 
of the lumen at one procedure is avoided. 


RESULTS 


Six of seven infants and children with severe sub- 
glottic stenosis who were considered for (laser) 
treatment to avoid tracheotomy have indeed 
avoided tracheotomy. A total of 24 infants and 
children were diagnosed as having subglottic 
stenosis during 1981 (Table 2). Twelve of these had 
subglottic stenosis severe enough to require 
tracheotomy, only 6 of whom actually underwent 
tracheotomy; the other 6 were treated with en- 
doscopie laser surgery and tracheotomy was avoid- 
ed. For various reasons of logistics or timing, no at- 
tempt could be made to use the laser as an alter- 
native to tracheotomy in five patients. In one pa- 
tient, a laser procedure could not be initiated 
because of extreme respiratory distress, laryngo- 
spasm, and difficulty atttaining an adequate ex- 
posure for suspension microlaryngoscopy. 


The dinical data of the six patients who were 
spared tracheotomy are presented in Table 1. These 
six patients underwent a total of 39 endoscopic pro- 
cedures. an average of 6.5 procedures each. The 
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laser was used in 19 (49%) of the proced ires; the 
other 20 were done to remove eschar, to dilate or 
biopsy the larynx, or for diagnostic purposes only. 
Biopsies were taken when possible; the severity of 
the airway compromise precluded biopsy complete- 
ly in one patient. Biopsies were sometimes taken at 
later procedures when a better airway had been es- 
tablished. Four of the six patients (cases 2, 3, 4, 6) 
exhibited a tendency for the soft tissue narrowing to 
recur; this tissue was quite soft and not a hard, fi- 
brous, cicatricial or cartilaginous stenosis. Repeated 
biopsies showed no suggestion of hemangioma in 
any of these patients. 


Of the 6 patients with severe subglottic stenosis 
treated without tracheotomy 5 were female, 1 
male. The onset of symptoms occurred et age 14 
months or younger in all except one patien:; in four 
patients the onset of symptoms occurred under 6 
months of age (Table 1). Three of the stenoses were 
congenital; three were acquired secondary to en- 
dotracheal intubation. 


No deaths occurred in these patients, nor were 
any major complications encountered. One minor 
anesthetic complication occurred when the insuffla- 
tion catheter was inadvertantly passed too far and 
entered the esophagus. The stomach was rapidly 
and massively distended with anesthetic gases. The 
problem was immediately recognized, -he tube 
withdrawn and the stomach evacuated by passing a 
nasogastric tube. No long-term sequelae ozcurred. 


DISCUSSION 


Several authors have demonstrated the f2asibility 
of treating subglottic stenosis without tracheotomy; 
anterior cricoid split,* the infant urethral resec- 
toscope,”’® and the CQ, laser’ are the means by 
which this has been achieved. Of the many surgeons 
who have used the laser to treat subglottic stenosis, 
most have reported experience with patients in 
whom a tracheotomy was already in place and most 





Fig. 3. Suspension microlaryngoscopy in 
a 3200 infant undergoing laser removal 
of subglottic tissue. General anesthesia is 
maintained using insufflation technique. 





report treatment exclusively or primarily of adult 
patients. Three children in the series of Koufman et 
al” had laser excision of subglottic tissue as an alter- 
native to tracheotomy. Healy and his coauthors 
have used the laser in similar fashion in infants and 
children with subglottic hemangioma,’ avoiding 
tracheotomy in many such patients. The use of the 
laser to treat severe subglottic stenosis without 
tracheotomy in infants and children is a logical ap- 
plication of these indications and techniques. 


The use of the insufflation technique for ad- 
ministering general anesthesia to infants and small 
children is a most important technical aspect of the 
endoscopic treatment of severe subglottic stenosis 
without tracheotomy. It allows the surgeon unob- 
structed access to the subglottic space, since no 
tracheal tube of any type is used in the larynx. The 
technique is difficult and some anesthesiologists are 
reluctant to use it. Complete cooperation between 
the surgeon and the anesthesiologist is required; the 
anesthesiologist must allow the surgeon to accept 
full responsibility for the airway. Intermittent 





Fig. 4. Close-up of infant illustrated in Fig. 3 showing 3 
mm endotracheal tube entering right ek tube tip rests 
in nasopharynx. A moist.sponge protects the infant’s gums 
and lips. Fingers of surgeon’s Tef hand manipulate larynx 
and upper trachea. 
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TABLE 2. TRACHEOTOMY AND DEGREE OF 
SUBGLOTTIC STENOSIS 


No. of 
Patients 
Mild or moderate subglottic stenosis 
Tracheotomy unnecessary 9 
Tracheotomy for pulmonary pathology or 
pathology other than subglottic stenosis 3° 
Severe subglottic stenosis 
No opportunity for laser 5* 
Unable to use laser (laryngospasm and 
exposure problems) 
Tracheotomy avoided 6 
Total 24 


*Underwent tracheotomy. 


laryngospasm and apnea occasionally complicate 
the procedure; another drawback is the exposure of 
operating room personnel to inhalation anesthetics. 
Scavenging of anesthetic vapors is performed when- 
ever possible. For adequate protection, personnel in 
the immediate proximity (especially the surgeon 
and anesthesiologist) should wear an oxygen (or air) 
mask, or an activated charcoal absorbent mask.” 


The term subglottic stenosis has been used with 
less precision recently, particularly by specialists in 
fields other than otolaryngology. By definition, the 
term applies to a narrowing or stricture of the sub- 
glottic larynx: the region extending from the inser- 
tion of the conus elasticus into the vocal cords to the 
inferior margin of the cricoid cartilage; the upper 
trachea is not included. The term should exelude all 
conditions such as neoplasms, extrinsic compression 
(such as vascular rings) and acute inflammatory 
conditions (such as croup). 


Subglottic stenosis may be categorized in three 
ways: 1l) etiology (congenital or acquired); 2) clini- 
cal/anatomic (hard or soft, degree [pereent] of 
stenosis and precise anatomic location); 3) his- 
topathology. The histopathologic classification is 
most helpful since knowledge of the precise histo- 
pathology of a lesion makes the treatment of choice 
almost self-evident. At present, however, it is possi- 
ble to make this determination in two ways: 1) at 
the time of laryngotomy for a reconstructive pro- 
cedure or 2) postmortem with whole-section organ 
mounts of the larynx. Continued advances in the 
technology of computer-assisted tomographic scan- 
ning will likely make earlier, more precise diagnosis 
possible in the future. At this time, however, the 
clinician is limited to the clinical/anatomic descrip- 
tion of any particular lesion. This is correlated with 
the likely histopathologic diagnosis and therapy de- 
termined accordingly. 


The more accurate the histopathologic diagnosis, 
the more precise and appropriate will be the treat- 
ment. Table 3 outlines the histopathologic classifi- 
cation of subglottic stenosis. Hard subglottic steno- 
ses fall into two categories: fibrous (which can be 
dilated but tend to restenose shortly after each dila- 
tion) or cartilaginous (which cannot be dilated). 


TABLE 3. HISTOPATHOLOGIC CLASSIFICATION OF 
SUBGLOTTIC STENOSIS 
Cartilaginous stenosis 
Cricoid cartilage deformity (stenosis) 
Normal shape 
Small for infant's size 
Abnormal shape 


ae anterior lamina 

Oval (elliptical) shape 

Large posterior lamina 
Generalized thickening 
Submucous (occult) cleft 

Other congenital cricoid stenoses 


Trapped first tracheal ring 

Soft tissue stenosis 
Submucosal fibrosis (fibrous connective tissue) 
Submucosal mucinous gland hyperplasia 
Granulation tissue 


The clinical importance of diagnosing cartilaginous 
stenosis is that these stenoses are not responsive to 
dilatien and must either be treated by a laryngotra- 
cheal reconstructive procedure or the child must 
wear a tracheotomy tube for an extended period of 
time (years) until the problem is outgrown. The 
prognosis for a hard, fibrous, cicatricial acquired 
subglettic stenosis is likely to be the same. 


Soft subglottic stenoses usually represent granula- 
tion tissue, submucosal mucinous gland hyperpla- 
sia, or combinations in association with submucosal 
fibrosis. These stenoses dilate readily but collapse 
upon withdrawal of the dilator. Acquired subglot- 
tic or tracheal stenoses with loss of catilaginous sup- 
port behave similarly. Soft tissue stenoses may be 
congenital (especially submucosal mucinous gland 
hyperplasia) or acquired (as with submucosal fibro- 
sis and granulation tissue). The six cases reported 
here which were treated successfully without tra- 
cheotemy were soft stenoses; none were cartilagi- 
nous, nor had any of the acquired stenoses pro- 
gressed to become the firm, circumferential, cicatri- 
cial type. 


Many stenoses are not purely one histopathologic 
type er another. Often they are not confined ex- 
clusively to the supraglottic larynx but involve the 
glottic or supraglottic larynx or the upper trachea as 
well. Similarly, it is not unusual to find patients in 
whom an underlying congenital subglottic stenosis 
is complicated by submucosal fibrosis or granula- 
tion tissue acquired from endotracheal intubation. 
The ideal lesion for application of the technique 
described herein is a discrete, short, soft stenosis 
which does not involve the entire circumference of 
the subglottic larynx. However, it appears that the 
laser technique can be considered for any prema- 
ture infant, full term infant, or child with adequate 
lungs who fails extubation or requires tracheotomy 
for congenital or acquired laryngeal (or high 
tracheal) chronic or subacute pathology. 


The histopathologic classification of subglottic 
stenosis outlined in Table 3 incorporates recent con- 
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tributions of Tucker et al? and a review by 
Morimitsu et al.’ The latter article presents a case 
of congenital cricoid stenosis and contains an ex- 
cellent illustrated diagrammatic summary of car- 
tilaginous stenoses reported up to 1981. Tucker"? 
has reported and detailed in a fine histopathologic 
study the trapped first tracheal ring and a small 
elliptical cricoid ring. He has also obserred two 
cases of submucous (occult) clefts of the posterior 
cricoid lamina which probably represent incom- 
plete laryngotracheoesophageal clefts (personal 
communication 1982). 


ee menma a 


In conclusion, six infants and children with se- 
vere subglottic stenosis have successfully undergone 
endoscopic laser surgery to avoid tracheotomy. All 
patients survived; no major complications oc- 
curred. The surgical technique employs suspension 
microlaryngoscopy and the CO, laser. An insuffla- 
tion technique for administration of general anes- 
thesia is used; spontaneous respiration is main- 
tained and intubation avoided. The technique may 
be considered for any premature infant, full term 
infant, or child with adequate lungs who must un- 
dergo tracheotomy for severe subglottic stenosis. 
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INFANT TRACHEOTOMY 


CAROL ROBERTS GERSON, MD 


GABRIEL F. TUCKER, JR, MD 


CHICAGO, ILLINOIS. 


The pediatric and neonatal tracheotomies done en our patients at Children’s Memorial Hospital since 1975 have been reviewed. Pa- 
tients’ ages, birth weights, rates of complications, decannulations and deaths have been studied. As compared to previous studies, the pro- 
portion of procedures done on children in the first year of life has dramatically increased. A technique which has been modified for the 


small infant is described. 


INTRODUCTION 


Infant tracheotomy continues to evolve as the 
proportion of smaller patients increases. A number 
of modifications of operative technique for the neo- 
nate have seemed appropriate. These along with 
statistical analysis of our current experience are re- 
ported. 


TECHNIQUE (Fig. 1) 


Whenever possible, regardless of the age of the 
patient, all tracheotomies are performed under gen- 
eral anesthesia in the operating room with a con- 
trolled airway. Since many patients have an in- 
dwelling endotracheal tube and further need for 
prolonged ventilatory support, it is felt safest to per- 
form the tracheotomies over the endotracheal tube 
and to defer definitive inspection of the larynx until 
the time of the initial tube change, usually one 
week. In all but three of these cases the tracheotomy 
was performed with an airway established and 
maintained easily with an endotracheal tube or 
bronchoscope. In these three cases attempts to pass 
either an endotracheal tube or a bronchoscope failed. 
One patient was a Pierre Robin child with an ex- 
tremely small mandible, another was a case of mas- 
sive maxillofacial and head trauma, and the third 
was a case of severe tongue swelling following a 
cleft palate repair in an infant. 


A shoulder roll is placed and the patient is prepped 
and draped except for the face which is left visible 
both to the otolaryngologist and the anesthesiologist 
so that the patient’s respiratory status and oxygena- 
tion can be easily monitored and the airway kept 
accessible. The hyoid bone and the cricoid cartilage 
are palpated (the neonatal thyroid cartilage is often 
difficult to palpate). The incision begins at the 
cricoid cartilage and extends 1-2 cm inferiorly, after 
injecting with a small amount of local anesthetic 
combined with 1:200,000 epinephrine. The soft tis- 
sues are dissected in the midline with sharp and 


blunt dissection and with the use of hemostats as re- 
tracters. When the thyroid isthmus is exposed a su- 
ture is placed in the trachea immediately below the 
cricoid cartilage and above the isthmus and thy- 
roid. A suture is preferable to a hook since it will not 
disengage or tear the tracheal tissue as easily. Using 
the suture for traction, the trachea is elevated and a 
second suture is placed behind the thyroid isthmus. 
This suture can then be used to elevate the isthmus 
so that it is more easily dissected from the tracheal 
wall. The isthmus is double-clamped, divided, and 
oversewn with chromic suture, left long until the 
stay sutures are placed. The isthmus is always divid- 
ed to prevent it from obscuring the tracheal incision 
in the event of an accidental decannulation. The 
isthmus divided, the initial suture can be laddered 
downward to provide traction slightly lower on the 
tracheal wall. The trachea is cleaned with cotton 
swabs and two black silk stay sutures are placed just 
to the right and left of the midline, circling tracheal 
rings 3 and 4. These sutures are tied several centi- 
meters from the trachea and left long to be taped to 
the chest at the termination of the procedure. After 
the stay sutures are in place the thyroid sutures may 
then be cut and a vertical incision is made in the 
tracheal wall beginning inferiorly and proceeding 
superiorly to avoid traumatizing a high cupula or 
any mediastinal contents. An attempt is made to in- 
cise just the tracheal rings and then to complete the 
incisien through the tracheal mucosa with a small 
hemostat to avoid any possibility of trauma to the 
posterior tracheal wall. A Shiley “neonatal” trache- 
otomy tube is placed in the incision under direct vi- 
sion using the sutures as traction after the endotra- 
cheal tube has been withdrawn to just above the 
tracheal incision under our direct vision. 


Once the tube is in place, the anesthesiologist 
then attaches to the tracheotomy tube and when 
adequate ventilation is assured, the endotracheal 
tube is fully withdrawn. Stay sutures are taped to 
the chest and kept in place for one week. At this 
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time it is hoped that the stoma will have begun to 
form. The initial tube change is done in the operat- 
ing room under general anesthesia with the airway 
under endoscopic control, thus permitting a leisure- 
ly controlled inspection of the laryngeal pathology 
at a time when mucosal reaction, tube imprints, 
etc., have settled down. Further tracheotomy changes 
can be carried out by the resident or the nursing 
staff on a regular hospital floor. Daily tube changes, 
both in the hospital and at home, are acvised to 
minimize stomal reaction, granulation tissue, etc; 
an antibiotic and/or steroid ointment is used to lub- 
ricate the replacement tube. 


At this time it is worthwhile to note the imtroduc- 
tion by Shiley of the neonatal tracheotomy tube. 
This is manufactured in the same sizes as the “pedi- 
atric” tube and has been modified to have a shorter 
cannula, more appropriate for the infant’s trachea, 
and a smaller flange, more appropriate for the size 
of the infant’s neck. This modifies the plastic pedia- 
tric tube to specifications similar to that of the silver 
Holinger tube. 


Although developed for the neonate, the tech- 
nical points just elaborated have been found appli- 
cable to the infant and child. 


STATISTICS 


Since 1975, 123 patients have undergone trache- 
otomy. Although previous studies have reported a 
consistent 2:1 male to female ratio, only 60% of the 
patients were male.'’ Over the last ten years there 
has been a significant change in the propcrtion of 
patients under one year of age who require trach- 
eotomies. Sixty-four percent of the patients were 
less than 1 year of age, and 21% were between 1 
and 5 years, only 11% being 5 years or olcer (Fig. 
2).' This distribution is similar to that reported by 
Hawkins and Williams.* There were 18 premature 
infants included in this study. Their birth weights 
ranged from 600 to 2000 g, and gestational ages 
from 26 to 32 weeks. The age range of these patients 
at the time of tracheotomy was between 2 and 9 
months. Most of the patients have been intubated 
for a significant portion of their lives prior to tra- 
cheotomy. A few who were intubated early in life 
were able to be extubated, but were found to have a 
subglottic stenosis and an inadequate airway after 
several months of extubation. There were seven 
full-term infants who were tracheotomizec within 


the first 28 days of life. 


The indications for tracheotomy were many and 
varied. There were a few patients, especially the 
neonates. who had primary upper airway insuffic- 


ency. These included bilateral cord paralysis, Pierre 
Robin syndrome, Treacher-Collins syndrome, ar- 
throgryposis, and severe congenital subglottic 
stenosis. Most of the other patients were tracheo- 
tomized secondary to other medical problems, 
many of which were multisystem and complicated. 
There were numerous children with complex car- 
diae disease, significant neurological problems, and 
many with pulmonary disease related to prematuri- 
ty. There were a few patients with tumors, several 
with head injuries and maxillofacial trauma, espec- 
ially among those over five years of age. Only one 
patient was tracheotomized for upper airway res- 
piratory infection. 

There were few complications thought to be di- 
rectly related to the procedure: two cases of pneu- 
mothorax, one case of which was secondary to dis- 
placement of the tube in the Neonatal Intensive 
Care Unit and attempts to ventilate through a tube 
in subcutaneous tissue. There were three cases of 
tube displacement within the first 24 hours after the 
procedure. There were two cases of postoperative 
bleeding, neither of which were directly related to 
the tracheostome; both appeared to be from dilated 
bronchial vessels traumatized by a suction catheter 
and to be coming from below the level of the tra- 
cheostome. A cardiac arrest occurred in one patient 
at the-conclusion of the procedure, due to transient 
hypoxia when the tracheotomy tube replaced the 
endotracheal tube. The patient survived without se- 
quelae. In one patient with a tracheoesophageal fis- 
tula the tip of the tracheotomy tube persistently fell 
into the fistula and rested in the esophagus. There 
were no operative deaths. 


Thirty percent of our patients who are still alive 
have been decannulated. There are no patients at 
this time who are unable to be decannulated be- 
cause of persistent stomal problems. Twenty per- 
cent of the original group of patients have died. In 
only one of these patients was there a suspicion that 
the death may have been caused by obstruction of 
the airway in a patient with an obligate tracheot- 
omy. All other deaths were felt to be secondary to a 
progressive primary disease or multisystem failure. 
Because of the extreme fragility of our youngest ba- 
bies, we have found a higher percentage of these pa- 
tients do not survive: 36% of the premature babies 
died.° 

DISCUSSION 


There are several points which are of interest in 
reviewing these patients. As noted above, there is a 
higher proportion of females than in many of the 
previous studies. The significant preponderance of 
tracheotomy performed for infectious disease noted 


Fig. 1. Technique used in infant tracheotomy. A) Incision in the midline with the use of hemostats as retractors. B) Traction 
suture above the thyroid isthmus. C) Suture behind the isthmus for easier dissection from the trachea. D) Elevation of the 
isthmus. E) Laddering downward of the traction suture. F) Cleaning of the trachea with cotton swabs. G) Stay sutures 
placed on either side of the midline between rings 3 and 4. H) Incision of the tracheal wall, to the mucosa, with a knife blade 
pointing superiorly. Mediastinum protected with a retractor. I) Use of the traction sutures to hold the incision open. J) Place- 
ment of the neonatal tube with a small flange; traction sutures taped to the chest. (Note: The thyroid isthmus reaches the sec- 


ond tracheal ring by the seventh week of fetal lfe.) 
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Fig. 2. Age incidence of tracheotomy under 12 years of age. 





in previous studies has changed. Tracheotomies are 
not being performed for epiglottitis at Tke Chil- 
dren’s Memorial Hospital today. We verr rarely 
find it necessary to tracheotomize a patient second- 
ary to laryngotracheobronchitis.* We are tracheot- 
: omizing many more very young and premature in- 
fants. It is possible that the change in empaasis on 


the indication for tracheotomy may relate to the. 


change in sex distribution. 

As our technology and skills in salvaging -he pre- 
mature and damaged child improves, the aumber 
of candidates in the youngest age group will, of 
- course, increase. The youngest babies seemed to be 
carried for longer periods of time with endotracheal 
tubes in place than many of the older children. If 
our cardiac surgeons foresee a prolonged p2riod of 
ventilation for a patient, they will request a trache- 
otomy after one or two weeks of intubation. The 
neonatologists, however, will frequently keep small 
infants intubated for a period of months. Only two 
of the premature infants have been successfully de- 
cannulated, whereas 13 of 21 children with zongen- 
ital cardiac disease are decannulated. (Cardiac pa- 
tients who have poor mucosal microcirculation 
might be expected to have more mucosal damage 
and a poorer chance for decannulation but -his was 
not the case.) On the average, the patients with 
congenital cardiac disease were older, at -east by 
gestational age, and larger in size than the prema- 
ture infants. To begin with, the larynx in the older 
group is larger. This, and the fact that th2y were 
tracheotomized after a much shorter period of intu- 
bation, are the factors that may be significent. The 
prolonged need for a tracheotomy does not seem, to 





us, a complication of the tracheotomy procedure 
itself, but a complication of either the child’s pri- 
mary disease or of the prolonged period of intuba- 
tion necessitated by that disease. If the smaller in- 
fants had been tracheotomized earlier it is possible 
that many of them would be decannulated at this 
point. In the home institution ‘it is possible for the 
laryngologist to emphasize the need for the smallest 
endotracheal tube which can successfully ventilate 
the patient. It is not, however, possible to control 
this in patients transferred from multiple referring 
institutions. Many of these patients arrive with dis- 
proportionally large endotracheal tubes for the size 
of the child and significant laryngeal damage from 
those tubes. 


The problem of tube displacement within the 
first 24 to 48 hours after the tracheotomy can be 
avoided by paying close attention to the tubes at the 
time the patient is moved from the operating table 
to the litter. If heavy ventilating equipment must be 
attached to the tracheotomy tube, it must be well 
supported externally so that it does not place torque 
on the tube itself. The pediatric tubes are quite flex- 
ible and the drag of heavy equipment can easily 
twist them out of the trachea. The division of the 
thyroid isthmus and the presence of stay sutures are 
important precautions to allow replacement of the 
tube with ease by whomever is present should an ac- 
cidental decannulation occur. Keeping the dissec- 
tion entirely in the midline and away from the me- 
diastinum aids in preventing problems with pneu- 
mothoraces and pneumomediastina. Many of our 
patients have significant pulmonary disease and 
they have some hyperinflation of the lungs. It is not 
unusual to visualize the cupula of the lung in the 
lateral aspect of the operating field. In the three 
emergency tracheotomies there were no major com- 
plications of the procedure itself. It is, however, a 
procedure to be avoided whenever possible by pru- 
dent evaluation of any critical airway and place- 
ment of either an endotracheal tube or a broncho- 
scope. j 

SUMMARY -` 


The records of 123 tracheotomized patients have 
been evaluated. The proportion of children treated 
in the first year of life is quite high. The use of tech- 
niques specifically designed for small infants can 
help avoid complications. The use of the neonatal 
tracheotomy tube allows a better fit for the small 
infant. 
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The charts of 100 children with laryngeal paralysis were reviewed. The patients in this study had either unilateral or bilateral abduc- 
tor vocal cord paralysis. The literature and pathophysiology are reviewed. A statistical analysis of each group of patients according to 
etiology is reported. The follow-up, progress and recovery are detailed. The need for observation and conservative therapy is reinforced by 
the tendency for spontaneous recovery. Suggestions regarding treatment are given. 


INTRODUCTION 


The records of 100 infants and children with the 
diagnosis of laryngeal paralysis were reviewed. 


Paralysis of the larynx is an important considera- 
tion in the differential diagnosis of airway obstruc- 
tion, voice change and aspiration syndromes. The 
early recognition of this problem and the applica- 
tion of appropriate therapy will prevent potential 
life-threatening sequelae from hypoxia, anoxia or 
contamination of the lower respiratory traet. 


This retrospective study reviews the literature 
and pathophysiology of laryngeal paralysis, sum- 
marizes the neuroanatomy, analyzes the historical 
data of these children, details the endoscopic find- 
ings in the larynx and studies the changes which oc- 
cur over a period of months and years. The treat- 
ment of the child with a paralyzed larynx is ana- 
lyzed and the details are reported. There is no simi- 
lar study of long-term follow-up in the otolaryngol- 
ogical literature. 


LITERATURE REVIEW 


The otolaryngological and surgical literature is 
replete with papers on the subject of laryngeal pa- 
ralysis in the adult patient. Fewer studies heve been 
written on this problem in children and there are 
none which give an intensive long-term follow-up 
or detail the outcome of the infant and child with a 
paralyzed larynx. Clerf' in 1953 reported a series of 
293 patients with unilateral vocal cord paralysis. 
Ten percent of the patients in this review had paral- 
ysis of congenital origin. The left recurrent nerve 
was involved two times more often than the right. 
Of the 19 patients with congenital paralysis. 13 hed 
bilateral associated with various anomalies such as 
meningomyelocele, hydrocephalus, congenital heart 
disease and tracheoesophageal fistulae. 


Cunning’ in 1955 estimated that 10% of the uni- 
lateral cases of paralysis were caused by tumor, ab- 
scess, bulbar paralysis or by vascular accident and 
intracranial disease prior to the nerve leaving the 
skull. In his estimation 90% were caused by peri- 
phera! lesions along the course of the recurrent la- 
ryngeal nerve. 


Holinger and Brown’ in 1967, in a paper on con- 
genital anomalies of the larynx, state that paralysis 
of one or both vocal cords in the newborn infant is 
usually a serious laryngeal manifestation of a gross 
anomaly of another organ system. These authors 
felt that bilateral vocal cord paralysis was rarely 
seen in an otherwise normal infant and that it was 
associated with cerebral agenesis, severe mental re- 
tardation, meningomyelocele and birth trauma. 


Morse’ in 1969 reported on paralysis of the larynx 
and gave the etiological factors as follows: 90% 
were due to trauma, neoplasms, cardiovascular dis- 
ease, infections, toxins, heavy metals, and drugs; 
10% were idiopathic. 


Goff? in 1970 analyzed 229 cases of laryngeal pa- 
ralysis and divided the etiology into congenital and 
acquired, unilateral or bilateral and sudden or 
gradual. 


Bluestone et al in 1972 reported 12 patients with 
vocal cord paralysis associated with hydrocephalus 
and meningomyelocele. Six of the 12 patients died 
during the first year and 2 died during the second 
year of life. Only 3 of these 8 patients had been tra- 
cheotomized. Paralysis of the larynx was described 
as being due to 1) compression of the vagus nerve, 2) 
traction of the cervical rootlets of the vagus nerve 
by caudal displacement of the brainstem and 3) brain- 
stem dysgenesis. 


Kirsch et al’ in 1967 reported five patients with 
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abductor paralysis of the larynx in association with 
meningomyelocele with Arnold-Chiari malforma- 
tion and hydrocephalus. These authors felt that a 
tracheotomy was necessary to relieve airway ob- 
struction until the hydrocephalus could be con- 
trolled by ventricular taps and shunting procedures. 
Restitution of laryngeal function in their patients 
appeared to be dependent on reducing intrecranial 
pressure. 


Fearon and Ellis’ in 1972 reported a serizs of 28 
cases of vocal cord paralysis; 30% were b-lateral, 
70% were unilateral. Seventy-five percent had symp- 
toms at birth and were diagnosed prior to 6 months of 
age. The etiology of the paralysis was neurogenic, 
meningomyelocele with hydrocephalus, bir-h trau- 
ma, cerebral agenesis and spastic paralysis. Thirty 
percent of the patients in this study required a 
tracheotomy. 


Hengerer and Tucker’ in 1973 described the use 
of a nerve pedicle graft using a motor branch with 
sternohyoid muscle to restore abduction in the pa- 


ralyzed canine larynx. 


Tucker’® in 1975 described the use of the ansa 
hypoglossiomohyoid muscle pedicle graft to restore 
innervation of the paralyzed larynx in the human. 
He states that should this procedure fail, an aryten- 
oidectomy may still be used. 


Gacek"' in 1976 reported a family in wkich the 
father and two sons had hereditary bilateral vocal 
cord paralysis; another 4 siblings, 1 male and 3 fe- 
males, were normal. His patients also had other 
neurological findings later in life indicating possible 
association with the laryngeal defect. 


Whitaker and Griffith’? in 1977 reported three 
patients receiving vincristine and vinblastine, who 
developed hoarseness and were found to have recur- 
rent laryngeal paralysis. In none of these Datients 
was airway obstruction a problem. The incidence of 
side effects of these drugs in adults is three times 
greater than in children. 


Holinger et al” in 1978 reviewed 21 infants and 
children with respiratory obstruction anc apnea 
who had bilateral abductor vocal cord paralysis as- 
sociated with meningomyelocele, hydrocephalus 
and Arnold-Chiari malformation. Tracheotomy, 
while relieving airway obstruction, did not stop the 


abnormal respiratory pattern or apnea and cyano-. 


sis. Fifteen of the 21 patients required a tracheot- 
omy; 5 children died of significant apnea and all 5 
had been tracheotomized. Ten patients had chronic 
aspiration from dysphagia. Autopsy on one patient 
revealed a paucity of neurons and degeneration of 
residual neurons in the nucleus ambiguus. 


Ishak et al'* in 1980 reported on the intraopera- 
tive dysfunction of the autonomic system in Arnold- 
Chiari malformation. Kinking and herniation of the 
brainstem is thought to cause impairment of its 


blood supply and the resultant ischemia leads to bi- 
lateral abductor vocal cord paralysis. Most of the 
signs of dysfunction are reversed with lowering of 
the intracranial pressure with ventriculoperitoneal 
shunting or decompression of the posterior fossa. 
Reduction of intracranial pressure by shunting or 
revision of a malfunctioning shunt may not relieve 
the apnea or bradycardia even with a tracheotomy, 


Cohen et al'* in 1977 reviewed 124 records of neo- 
nates requiring endoscopic procedures. Reported 
were 29 patients with vocal cord paralysis. The 
etiology of the paralysis was idiopathic in 25, 4 were 
associated with central nervous system (CNS) dis- 
ease and l of these 4 had an associated meningo- 
myelocele. Of the 4 patients born by breech deliv- 
ery, l had a recurrent vocal cord paralysis. Of the 
17 children born by cesarean section, 6 had vocal 
cord paralysis. Thirteen of the 29 patients with 
laryngeal paralysis required a tracheotomy. 


Cohen’ reported on the effectiveness of aryte- 
noidectomy in children and performed this surgery 
in the preschool age period. 


Pathophysiology. Dedo” in 1970 gave a detailed 
evaluation:.of laryngeal paralysis in humans and 
dogs. His work amply reinforces the following facts 
experimentally produced in dogs. 1) Section of the 
recurrent nerve causes momentary spasm with sub- 
sequent paralysis of the vocal cord in the parame- 
dian position often with the arytenoid tilted for- 
ward. As the true cord becomes completely immo- 
bile, it lengthens and adducts slightly with each 
subsequent phonation. 2) Section of the superior la- 
ryngeal nerve with an intact ipsilateral recurrent la- 
ryngeal nerve always led to little or no visible 
change in the contracture of the vocal cords. How- 
ever, the cricothyroideus muscle stopped contract- 
ing after spasm at the moment of dissection. 3) Sec- 
tion of the recurrent laryngeal nerve followed by ip- 
silateral section of the superior laryngeal nerve 
caused the essentially immobile cord in the parame- 
dian position to become completely paralyzed in the 
more lateral position. 


Gilmer et al’® in 1970 reviewed the histological 
findings in two patients and confirm the modern 
concept of laryngeal paralysis. 


Kirsch et al’ gave a detailed study of laryngeal 
paralysis in association with meningomyelocele, hy- 
drocephalus and Arnold-Chiari malformation in 
five patients. They gave an excellent review of the 
pathophysiology which follows in capsule form. 
Krause’’ in 1884 reported aphonia in dogs after bi- 
lateral extirpation of the gyrus precrucialis. Cush- 
ing”? described coordinated laryngeal movements 
incidental to stimulating the human cortex at its 
caudal extremity adjacent to Broca’s area. It was 
Foerster’! who postulated the necessity of a bilateral 
lesion as a requisite to supranuclear laryngeal dis- 
turbances. Semon and Horsley” defined the topog- 
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raphy of the medullary laryngeal centers in dogs by 
correlating regional stimulation along the floor of 
the fourth ventricle with direct laryngoscopy. 


Furstenberg and Magielski*? confirmed and ez- 
tended these observations and defined the fune- 
tional pattern of cerebral organization in the pri- 
mate nucleus ambiguus. This nuclear group is con- 
sidered a substrate for peripheral motor innervation 
for the ipsilateral branchiomerically derived skele- 
tal muscle of the larynx, esophagus and pharynx in 
both primate and the human. The human nucleus 
ambiguus is an elongated structure approximately 2 
cm in length and 0.3 cm in width and extends from 
the upper border of the medulla and stria medullo- 
sis caudalward to the level of the motor decussation. 
The small rostral segment of the nucleus is the so- 
matomotor center for palate and pharynx, with a 
motor outflow via the glossopharyngeal and cephe- 
lad vagal rootlets. The larger caudal extent of the 
nucleus ambiguus subserves laryngeal function ex- 
clusively and mediates its effect via the vagus nerve. 
The four paired groups of muscles responsible for 
vocal cord movements and one unpaired interaryte- 
noid muscle group have discreet regional represen- 
tation within the nucleus ambiguus. 


Pressman and Keleman”* in 1955 presented evi- 
dence that laryngeal muscles were innervated by 
two branches of the vagus nerve, the recurrent and 
the external branch of the superior laryngeal nerve. 
The latter nerve, which supplies the cricothyroideus 
muscle, a cord tenser and adductor, originates from 
the cell bodies situated in the central portion of the 
laryngeal segment of the nucleus ambiguus. The 
posterior cricoarytenoideus which functions as a 
vocal cord abductor is innervated by the reeurrent 
laryngeal nerve fibers derived from cells located im- 
mediately subjacent to the cricothyroid cell group. 
The remaining arytenoid muscles receive their 
nerve supply from the most caudally disposed cells 
within the nucleus ambiguus through the reeurrent 
laryngeal nerve. 


Murtagh and Campbell’: observed that acductor 
fibers continue to propagate action potentials de- 
spite a chemical or thermal blockade sufficient to 
paralyze abductor function. In addition, the chro- 
naxy of adductor fibers, one of the most rapid thus 
far identified (0.1 ms) is tenfold shorter than that 
found in fibers subserving abduction. 


METHOD 


This study is an analysis of the charts of 100 children with la- 
ryngeal paralysis treated at the Childrens Hospital of Los Angeles. 
The charts were chosen at random by the record room personnel 
and it is estimated that there is an equal number of children whe 
had laryngeal paralysis who had been treated but are not in- 
cluded in this review. 


All of the children were examined by the authors and two other 
senior endoscopists. The direct laryngoscopy was performed 
either awake or with the use of a light general anesthetic. The pa- 
tient breathed spontaneously during the examination. The spec- 


ulum of the laryngoscope was placed into the vallecula and the 
sensory and motor function of the larynx was evaluated. In chil- 
dren who had a tracheotomy, the tube was always occluded in 
order to observe laryngeal mobility. Bronchoscopy was performed 
in all children to evaluate the tracheobronchial tree and to per- 
form the tracheotomy when it was necessary. The larynx was ex- 
amined at monthly intervals whenever possible. 


FINDINGS 


The findings as a result of this study are related to 
the sex of the patient, etiological factors, the onset 
of the disease, the type of pregnancy of the mother 
and the type of delivery of the child, symptoms re- 
lated to the disease, the type of paralysis and the 
vocal cord position, the need for a tracheotomy and 
the age of decannulation, the preoperative diagno- 
sis, the neurological status of the patient, the con- 
genital and associated anomalies, the course and 
progress of the disease with statistics on recovery 
and resolution. 


The results of this study are divided into the 
above statistical analysis related to all children as a 
group and then are presented in detail according to 
each specific etiological factor. 


Sex. In this study, 59 patients were male and 41 
patients were female. 


Etiological Factors. The causes of laryngeal pa- 
ralysis were as follows. Central nervous system dis- 
ease occurred in 18% of the patients. Meningomye- 
locele with Arnold-Chiari malformation and usual- 
ly with an associated hydrocephalus occurred in 
14% of the patients. Birth trauma accounted for 
19% of the paralyses; surgical and blunt trauma to 
the neek caused 11% of the paralyses; idiopathic 
causes were noted in 36% of the patients; a tumor, 
ie, a neuroblastoma of the neck, was the cause for 
paralysis in one of the patients and a familial cause 
was found in one patient. 


Onset of Paralysis. The mean age of onset of 
laryngeal paralysis in all etiological categories was 
38 days. Fifty-eight percent of the paralyses oc- 
curred within the first 12 hours of life, 66% by the 
second day of life and 80% within the first 36 days 
of life. 


Mother's Pregnancy. The mother’s pregnancy 
was completely normal in 77% of the children in 
this study. The pregnancies were abnormal in 23%. 
The abnormalities were premature labor, abruptio 
placenta, placenta previa, abnormal bleeding, ec- 
lampsia, maternal diabetes, drug overdose and hep- 
atitis. 


Type of Delivery. The child’s delivery was com- 
pletely normal in 65% of the patients. Thirty-five 
percent of the children had complicated deliveries 
with cesarean section in 15 and forceps delivery in 
20. The complicated deliveries were usually due to 
abnormal presentation of the infant. Of the chil- 
dren born by cesarean section, 43% presented with 
bilateral abductor vocal cord paralysis and 57% 
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with unilateral vocal cord paralysis. Of the 20 born 
by forceps delivery, two thirds had bilateral abduc- 
tor vocal cord paralysis and one third had unilateral 
vocal cord paralysis. 


Symptoms. Stridor was prominent in 71% of the 
children, obstruction occurred in 44%, dysphonia 
was seen in 35%, dysphagia occurred in 28% and 
aspiration was seen in 14% of the patients. 


Type of Paralysis. In patients of all categories, 
unilateral paralysis occurred in 38%. In five pa- 
tients the side was not specified. In 33 of the pa- 
tients in which the side was recorded, the right side 
was involved in 21% and the left was involved in 
79%. Bilateral abductor vocal cord paralysis oc- 
curred in 62% of the patients. 


Vocal Cord Position. In the group of 100 pa- 
tients, the vocal cords were in the median position 
in 43% of the patients, paramedian in 30%, lateral 
in5% and 23% were normal. 


Tracheotomy. A tracheotomy was not recessary 
in any patient with unilateral vocal cord Daralysis 
except when another obstructive lesion o7 aspira- 
tion problem was present. In 62 patients w-th bilat- 
eral abductor vocal cord paralysis, 45 (73%) re- 
quired a tracheotomy. The mean age at waich tra- 
cheotomy was performed varied with the etiology 
of the paralysis. The mean age of performing a tra- 
cheotomy in children with laryngeal paralysis in all 
categories was 34 days. In 89% of the patients who 
required a tracheotomy, the procedure was per- 
formed at the time the diagnosis was confirmed. 


Of the 45 patients with tracheotomy, only 43 
charts had a statement regarding decannulation. 
Fifty-four percent of these patients were decannu- 
lated within a mean period of 33 months. The re- 
maining patients were lost to follow-up. Gecannu- 
lation was readily accomplished in all five patients 
who had an arytenoidectomy. In those patients who 
had either congenital or postintubation subglottic 
stenosis, decannulation was delayed by this compli- 
cation although the paralysis had recovered. 


Preoperative Diagnosis. The preoperative diag- 
nosis as determined by otolaryngologists was as fol- 
lows: laryngomalacia in 11% , subglottic stenosis in 
10% , vocal cord paralysis in 48% and stridor of un- 
determined origin in 26%. A specific diagnosis was 
not made in 5% of the patients. A specific diagnosis 
could only be confirmed by direct laryngoscopy. 


Neurological Abnormalities. Laryngeal paralysis 
was of neurological origin in 33% of the patients. 
The neurological abnormalities were as follows: 
hypotonia (floppy child), Möbius’ syndrom, neuro- 
genic arthrogryposis multiplex congenita, Uharcot- 
Marie-Tooth disease, cerebral palsy, hypoxic en- 
cephalopathy, Arnold-Chiari malformation with 
meningomyelocele and one patient with neonatal 
meningitis who had an associated laryngeal paraly- 
sis. 


Congenital Anomalies and Associated Abnormal- 
ities. The congenital anomalies associated with la- 
ryngeal paralysis were pulmonary in 12, cardiovas- 
cular in 10, esophageal in 10, cervical abnormalities 
in 6, bronchial anomalies in 4 and meningomyelo- 
cele in 14 patients. One patient with meningomye- 
locele in this group did not have hydrocephalus. 
Other associated abnormalities were congenital 
subglottic stenosis, Pierre-Robin syndrome, hemi- 
vertebrae and urinary tract abnormalities. 


Course and Progress. The mean age of resolution 
of the paralyzed larynx in all categories was 21.4 
months. One third of the patients were followed for 
a mean of 35.2 months. In 33% of the patients, ob- 
servation showed that there was a gradual change 
from paralysis to paresis progressing to complete 
recovery. 


Recovery occurred in 48 % of all patients. Thirty- 
three percent of the bilateral abductor vocal cord 
paralysis patients (21) recovered completely. Forty- 
four patients were lost to follow-up, almost all of 
them unilateral paralysis patients and many of 
them having been endoscoped only on one occasion. 
Of the 38 patients with unilateral paralysis, 13 were 
known to have completely recovered. 


DATA RELATED TO SPECIFIC ETIOLOGY 


Central Nervous System Disease. There were 18 
patients in this etiological category. The mean age 
of onset was ten days. A tracheotomy was required 
in 12 of the 18 patients. The mean duration of a 
tracheotomy in this group was 48 months. Bilateral 
abductor vocal cord paralysis was present in 14 pa- 
tients, unilateral paralysis was present in 4 patients. 


Sixty-six percent of all patients recovered. Three 
of 4 patients with unilateral paralysis recovered 
completely and 1 died of apnea due to CNS disease. 
Of the 14 patients with bilateral abductor vocal 
cord paralysis, 5 completely recovered, 4 partially 
recovered, 3 did not recover and 2 of the patients 
had no information regarding recovery. The mean 
follow-up period of this group was 64.4 months, the 
mean age of recovery was 26 months, the mean dur- 
ation of a tracheotomy was 48 months. Seven of the 
12 tracheotomized patients were decannulated. 


Birth Trauma. There were 19 patients in this 
category. The mean and median age of onset of 
symptoms was 5.6 days. A tracheotomy was re- 
quired in six (31%) of the patients. The mean dura- 
tion of tracheotomy in 4 of the 6 patients was 49 
months. In two patients there was no follow-up 
available. Paralysis in this group was bilateral in 12 
(63%) and unilateral in 7 patients (37%). 


Nine of the 19 patients are known to have recov- 
ered. In ten of the patients there was no informa- 
tion available regarding recovery. Of the seven pa- 
tients with unilateral paralysis, one completely re- 
covered. No information was available in six pa- 
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tients. There is no record of patients showing par- 
tial or no recovery in this group. Of the 12 patients 
with bilateral paralysis, 5 recovered completely, 3 
recovered partially and 4 had no available informa- 
tion. The mean follow-up period was 25 months. 
The mean age of recovery was 29 months. The 
mean duration of a tracheotomy was 49 months. 


In this group of 19 patients, 8 were delivered 
with forceps, 9 were delivered by cesarean section, 
1 patient by breech delivery and 1 patient presented 
with shoulder dystocia. All of these patients had 
been the product of a normal pregnancy. Nine cf 
these patients had respiratory problems at the time 
of the delivery and three had been intubated at the 
time of birth. When only partial recovery oecurred 
in this group, it was usually on the left side. When 
recovery was complete, it was always on the right 
side. 


Meningomyelocele. There were 14 patients in 
this group. The mean age of onset of symptoms was 
47 days. A tracheotomy was required in 71% of the 
patients. The mean duration of the tracheotomy 
was 37.2 months. In 13 patients (93%) paralysis 
was bilateral and in 1 patient it was unilateral. Re- 
covery was noted only in the bilateral vocal cord 
paralysis patients. No information regarding recov- 
ery was available in the one patient with a unilat- 
eral paralysis. Of the 13 patients with bilateral ab- 
ductor vocal cord paralysis, 6 completely recov- 
ered, 2 partially recovered, 3 did not recover and 2 
had no information available regarding recovery. 


The mean follow-up period was 37.9 months. 
The mean age of recovery was 21.5 months; the 
mean duration of a tracheotomy was 37.2 months. 
Of the 14 patients, 7 were decannulated, 3 were not 
decannulated and 4 of the patients were los: to fol- 
low-up. 


Idiopathic Category. There were 36 patients in 
this group. The mean age of onset of paralysis in 
this group was 53 days. A tracheotomy was per- 
formed in ten patients (28%). The mean age of de- 
cannulation of these patients who were followed 
was 33.5 months. 


Paralysis in this group was bilateral in 19 patients 
(53%) and unilateral in 17 patients (47%). 


Recovery of motion of the vocal cords was as fol- 
lows. In the unilateral group of 17 patients, com- 
plete recovery was noted in 4. No information was 
available in 12, 0 had partial recovery and 1 did not 
recover. Of the 19 patients with bilateral abductor 
vocal cord paralysis, 4 completely recovered, 7 par- 
tially recovered, 3 did not recover. No information 
was available in five of these patients. The mean 
age of follow-up was 75.6 months and the mean age 
of recovery was 13 months. 


Six of the ten patients who were tracheotomized 
were decannulated, 1 patient died of overwhelming 


sepsis. Two patients are still being followed and one 
patient was lost to follow-up. 


Surgery. There were nine patients in this group. 
In eight patients the paralysis followed repair of a 
tracheeesophageal fistula and/or atresia. One pa- 
tient developed paralysis following ligation of a pa- 
tent ductus arteriosus. The mean age of onset of 
symptoms in this group was 42 days. A tracheotomy 
was required in three of the patients. The mean 
duration of a tracheotomy was 28 months. 


The type of paralysis was bilateral in four and 
unilateral in five. Of the 5 children with unilateral 
paralysis, 1 completely recovered and 4 had no in- 
formation available regarding recovery. Of the 4 
patients with bilateral vocal cord paralysis, 2 com- 
pletely recovered, 1 partially recovered and 1 had 
insuffieient information regarding recovery. 


The mean follow-up period in this group was 
33.3 months. The mean age of decannulation was 
28 months. Three of the nine patients had a tra- 
cheotomy. One child still has a tracheotomy and 
two have been decannulated. 


Blunt Trauma. There were three patients in this 
group. One of the patients required a tracheotomy. 
In two of the patients, the paralysis was bilateral 
and in one it was unilateral. The tracheotomized 
child was lost to follow-up. In two patients in 
whom there was adequate follow-up, the mean dur- 
ation of the paralysis was 6.5 months. 


Familial Group. In this category of one patient, a 
female, the paralysis was bilateral. A tracheotomy 
was performed at the age of 14 months. An aryte- 
noidectomy was performed at age 5 years and 1 
month. The patient was decannulated three months 
later. The symptoms in this child were chiefly stri- 
dor with obstruction to the airway. This patient 
had the early diagnosis of arthrogryposis multiplex 
congenita which later, after further neurological 
developments, was diagnosed as Charcot-Marie- 
Tooth disease. This patient is still seen periodically 
almost 11 years after her arytenoidectomy and has 
had multiple orthopedic procedures requiring intu- 
bation. 


Tumor. There was one patient in this group. His 
diagnosis was a primary neuroblastoma of the neck. 
The age of onset of symptoms in this child was 1 
month. Two weeks following the diagnosis a tra- 
cheotomy was performed and was necessary for 17 
months. The paralysis was unilateral and on the left 
side. This patient had been intubated prior to his 
tracheotomy and developed a laryngeal subglottic 
stenosis. He also had a mild form of laryngomala- 
cia. The left vocal cord paralysis never recovered. 


TREATMENT 


The patients who have laryngeal paralysis re- 
quire close observation. To prevent chronic hypoxia 
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and brain damage a tracheotomy is mandatory in 
children with an inadequate airway. Ore should 
not await the development of cyanotic episodes be- 
fore instituting an artificial airway. Isolated unilat- 
eral paralysis requires no treatment. Even when 
there is no recovery, compensation by th= normal 
vocal cord gives adequate phonation except when 
the paralysis is in the lateral position. 


In patients with bilateral abductor vocal cord pa- 
ralysis due to meningomyelocele with Arnold- 
Chiari malformation, tracheotomy should not be 
performed until a shunt procedure has been done. 
The airway may be supported by a small endotra- 
cheal tube. If a functioning shunt tube does not 
clear the paralysis, a tracheotomy should be per- 
formed. This is especially necessary in children who 
display severe aspiration or apnea spells. The 
authors have seen a number of patients :n whom 
shunt failure recreated bilateral abductor vocal 
cord paralysis. When the shunt tubes were revised 
and became functional, the vocal cord paralysis re- 
solved. 


In children who had arytenoidectomies per- 
formed, uniformly good results were obtained. The 
voice was excellent and an adequate airway was ob- 
tained so that decannulation was possible. Some ex- 
ercise intolerance occurred in most of these pa- 
tients. 


A nerve pedicle reinnervation has not b3en done 
in any of the patients in this study. There has been 
no report of a large series of patients in the pediatric 
age group in which this procedure was performed 
successfully. 


DISCUSSION AND CONCLUSIONS 


The causes of laryngeal paralysis in the pediatric 
population are different from those in the adult. In 
the latter, unilateral vocal cord paralysis -s the re- 
sult of surgical procedures, trauma, neoplasia of the 
neck and chest, CNS disease, peripheral neuropa- 
thies and idiopathic causes. Bilateral abductor vo- 
cal cord paralysis in the adult may be the result of 
surgical injury, most often thyroidectomy, neuro- 
logical disorders, malignancies of the neck and up- 
per chest, in addition to other causes such as neuro- 
pathies. 


In children, in contrast to the adult, the major 
causes of vocal cord paralysis, both unilateral and 
bilateral, are birth trauma, CNS disease, meningo- 
myelocele with Arnold-Chiari malformation and 
hydrocephalus, idiopathic, surgical trauma and dis- 
ease of the heart and great vessels. 


A thorough examination of the larynx was per- 
formed in all children with care to evaluate both 
motor and sensory function. Cricoarytenzid fixa- 
tion was excluded by direct palpation of the joint. 


The sex distribution in this study tends tc support 


the fact that the male is more often involved than 
the female. 


The etiological factors as determined by this 
study were CNS disease, birth trauma, meningo- 
myelocele with Arnold-Chiari malformation and 
hydrocephalus, idiopathic, surgical trauma, blunt 
trauma to the neck, familial and tumor of the neck. 
In this study, idiopathic laryngeal paralysis is so 
labeled when a specific etiological factor could not 
be elicited after extensive studies. The term familial 
paralysis is applied to the one child reported in this 
series because the mother and a sister of this patient 
also had bilateral abductor vocal cord paralysis as- 
sociated with Charcot-Marie-Tooth disease. 


The overall mean age of onset of symptoms of all 
categories was 38 days. The earliest evidence of la- 
ryngeal paralysis was in the group of children with 
birth trauma. Children with CNS disease showed 
evidence of laryngeal paralysis within the first ten 
days of life. However, in the group of patients with 
meningomyelocele with Arnold-Chiari malforma- 
tion and hydrocephalus, the mean age of onset was 
47 days. This delay in onset of symptoms may be re- 
lated to the progressive development of hydroceph- 
alus which followed the repair of the meningomye- 
locele. Uncomplicated hydrocephalus does not pro- 
duce laryngeal paralysis. In the postoperative sur- 
gery and idiopathic groups, the mean age of onset of 
symptoms relates to the specific cause of the paral- 
ysis. 


Complicated delivery with abnormal presenta- 
tion or positioning of the infant and the need for 
cesarean section birth was associated with laryngeal 
paralysis in almost 20% of the patients. The rela- 
tively high incidence of bilateral abductor vocal 
cord paralysis in association with complicated de- 
liveries should alert the physician to this group of 
high risk patients. 


The symptoms of paralysis varied in degree of 
severity within the different etiological categories. 
Stridor was the most common presenting symptom; 
it was always inspiratory and crowing in character. 
The stridor was most pronounced in patients with 
CNS disease, surgical or birth trauma and meningo- 
myelocele with Arnold-Chiari malformation. Se- 
vere obstruction to the airway, which required im- 
mediate intubation, was seen most commonly in pa- 
tients with bilateral abductor vocal cord paralysis 
following surgical procedures and complicated de- 
liveries. An endotracheal tube was usually inserted 
to insure the airway and to allow for possible re- 
covery of the paralysis. In some of these patients, 
subglottic stenosis developed which prolonged the 
need for a tracheotomy even after the laryngeal pa- 
ralysis had recovered. Dysphagia was more com- 
mon in the CNS group of patients, frequently be- 
cause of a poor suck reflex or associated cranial 
nerve deficiencies. Aspiration occurred in children 
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with loss of laryngeal sensation, cranial nerve de- 
fects and lateral position of one or both vocal cords. 
This problem occurred in patients with CNS disease 
and meningomyelocele with Arnold-Chiari malfor- 
mation which would indicate a defect of both su- 
perior and recurrent laryngeal nerves. Dysphonia 
was an uncommon symptom whether the paralysis 
was unilateral or bilateral. Apnea occurred in some 
patients with CNS disease and meningorryelocele 
with Arnold-Chiari malformation even efter tne 
hydrocephalus had been corrected by a shunt pro- 
cedure or after a posterior fossa decompression had 
been performed. Patients with apnea required a 
tracheotomy for ventilation and in some patients a 
diaphragm pacemaker was necessary to control res- 
pirations. 


The type of paralysis varied within each etiologi- 
cal category. Sixty-six percent of the patients in this 
study had bilateral abductor vocal cord paralysis. 
In the remaining patients with unilateral paralysis, 
the left side was involved in almost 80% of the chil- 
dren. It is significant that in the group with CNS 
disease, meningomyelocele and Arnold-Chiari mal- 
formation and birth trauma, that the right and left 
vocal cords were equally involved, whereas in the 
other categories the left vocal cord paralysis pre- 
dominated. Although bilateral and unilateral vocal 
cord paralysis occurred in all etiological groups of 
patients, an overwhelming majority of the patients 
with meningomyelocele with Arnold-Chiari mal- 
formation and CNS disease had bilateral abductor 
vocal cord paralysis. Within the groups of birth and 
blunt trauma, bilateral vocal cord paralysis occur- 
red in two thirds of the patients. In the other 
groups, the type of paralysis was almost equal in 
numbers. 


In 5% of the patients, lateral position occurred in 
association with sensory paralysis and severe as- 
piration. This defect occurred in 2 patients within 
the meningomyelocele with Arnold-Chiari malfor- 
mation group, 1 in the CNS group and 1 in the idio- 
pathic group. The child with a unilateral vocal cord 
paralysis in the lateral position (idiopathic group) 


did not aspirate, but had an extremely poor voice. 


A tracheotomy was not necessary in any patient 
with an isolated unilateral paralysis. In 73% of the 
patients with bilateral abductor vocal cord paraly- 
sis a tracheotomy was performed. The mean age of 
tracheotomy was 34 days. 


Arytenoidectomy was performed in five patients 
who did not have spontaneous recovery from laryn- 
geal paralysis. All of these patients were decannu- 
lated following surgery; they all had a good voice 
and adequate airway, but some had reduction in ex- 
ercise tolerance. 


Tracheotomy was necessary in patients with bi- 
lateral abductor vocal cord paralysis secondary to 
meningomyelocele with Arnold-Chiari malforma- 
tion and hydrocephalus, CNS disease and in pa- 
tients with surgical and birth trauma. In the pa- 
tients with CNS disease and birth trauma, the tra- 
cheotomy was required for approximately four 
years. It should be noted that when a child with 
bilateral abductor vocal cord paralysis due to birth 
trauma did not require a tracheotomy, recovery 
was uniform within six months or less. Children 
with meningomyelocele with Arnold-Chiari mal- 
formation and hydrocephalus required a tracheot- 
omy for almost three years. The presence of a sub- 
glottic stenotic lesion delayed decannulation. 


When a neurological or congenital abnormality 
was associated with laryngeal paralysis, it was us- 
ually of a serious nature. 


Some of the patients in this study were followed 
for a period of seven years or more. Almost all of the 
14 patients who were lost to follow-up had unilat- 
eral paralysis. Of the patients with bilateral abduc- 
tor vocal cord paralysis, one third recovered com- 
pletely. 


It must be emphasized that since recovery from 
paralysis of the larynx may occur in children, even 
after a period of a year or more from the time of its 
onset, observation rather than active surgical treat- 
ment must rule. 


ACKNOWLEDGMENT — Gratitude is expressed to Rose Marie Lapicola for her dedication and help in the preparation of this manuscript. Gratitude is 
also expressed to Drs. Alden H. Miller and Max K. Pierce for allowing their patients to be included in this study. 


REFERENCES 


1. Clerf LH. Unilateral vocal cord paralysis. JAMA 1953; 
151:900-3. 


2. Cunning DS. Unilateral vocal cord paralysis. Ann Otol 
Rhinol Laryngol 1955; 64:487-93. 


3. Holinger PH, Brown WT. Congenital webs, crsts, laryn- 
goceles and other anomalies of the larynx. Ann Otol Rhinol La- 
ryngol 1967; 55:744-52. 


4. Morse HR. Vocal cord paralysis. Gen Pract 1969; 40: 
79-84. 


5. Goff WF. Vocal cord paralysis, analysis of 229 cases. 
JAMA 1970; 212:1378-9. 


6. Bluestone CD, Delerme AN, Samuelson GH. Airway ob- 


struction due to vocal cord paralysis in infants with hydrocepha- 
lus and meningomyelocele. Ann Otol Rhinol Laryngol 1972; 81: 
778-83. 

7. Kirsch WM. Duncan BR, Black FO, Stears JC. Laryngeal 
palsy in association with meningomyelocele, hydrocephalus and 
the Arnold-Chiari malformation. J Neurosurg 1968; 218:207-14. 


8. Fearon B, Ellis D. The management of long-term airway 
problems in infants and children. Ann Otol Rhinol Laryngol 
1971; 80:669-77. 


9. Hengerer AS, Tucker HM. Restoration of abduction in the 
paralyzed canine vocal cord. Arch Otolaryngol 1973; 97:247-50. 


10. Tucker HM. Human laryngeal reinnervation. Laryngo- 
scope 1976; 86:769-79. 


424 


11. Gacek RR. Hereditary abductor vocal cord paralysis. Ann 
Otol Rhinol Laryngol 1976; 85:90-3. 


12. Whittaker JA, Griffith IP. Recurrent laryngeal nerve pa- 
ralysis in patients receiving vincristine and vinblastine. Br Med J 
1977; 1:1251-2. 


13. Holinger PC, Holinger LD, Reichert TJ, Holmger PH. 
Respiratory obstruction and apnea in infants with bilateral ab- 
ductor vocal cord paralysis, meningomyelocele, hydrocephalus 
and Arnold-Chiari malformation. J Pediatr 1978; 92:338-73. 


14. Ishak BA, McLone D, Seleny FL. Intraoperativeautonom- 
ic dysfunction associated with Arnold-Chiari malformation. 
Childs Brain 1980; 7:146-9. 


15. Cohen SR, Eavey RD, Desmond MS, May BC. Endoscopy 
and tracheotomy in the neonatal period. Ann Otol Rhirol Laryn- 
gol 1877; 86:577-83. 


16. Cohen SR. Arytenoidectomy in children. Lar-ngoscope 
1973; 83:1293-9. 


17. Dedo HH. The paralyzed larynx: an electromvographic 
study in dogs and humans. Laryngoscope 1970; 80:1455-1517. 


18. Gilmer WS, Arnold GE, Stephans CB. Vocal cord position 


l 


COHEN ET AL 


in laryngeal paralysis. Two further neurohistologic studies. Arch 
Otolaryngol 1970; 91:575-80. 


19. Krause H. Uber die Beziehungen der Grosshirnrinke zu 
Kehlkeps und Rachen. Arch Physiol 1884; 8:203-10. 


20. Cushing H. A note upon faradic stimulation of the postcen- 
tral gyrus in conscious patients. Brain 1809; 32:44-53. 


21. Foerster O. Motorishe Felder un Bahnen. In: Bunke O, 
Foerster O, eds. Handbuch der Neurologie. Vol 6.; Berlin: Verlag 
von Julius Springler, 1936:1-357. 


22. Semon F, Horsley H. On the relations of the larynx to the 
motor nervous system. DT Med Wschr 1890; 16:672-9. 


23. Furstenberg AC, Magielski JE. A motor pattern in the _ 
nucleus ambiguus: clinical significance. Ann Otol Rhinol Laryn- 
gol 1955; 64:788-93. l 


24. Pressman JJ, Keleman G. Physiology of the larynx. Physiol 
Rev 1955; 35:506-54. 


25. Murtagh JA, Campbell CJ. Physiology of the recurrent la- 
ryngeal nerve: report on progress. J Clin Endocrinol Metab 1952; 
12:1395-1401. 


AMERICAN ACADEMY OF PEDIATRICS SECTION ON OTOLARYNGOLOGY AND BRONCHOESOPHAGOLOGY 


The American Academy of Pediatrics Section on Otol 


tober 25, 1982 (closed session), and Tuesday, October 56, 1982 (open session). The noe 
Band York City. For further information please contact Dr. Lyon Greenberg, Program 


2203. 


gology and Broar eee nae ey oe will take place on Monday, Oc- 


at the Sheraton-Center Hotel in 
hairman, 980 Western Avenue, Albany, NY 


Ann Otol Rhinol Laryngol 91:1982 


LARYNGEAL PAPILLOMA: RESULTS OF TREATMENT 
WITH THE CO, LASER AND PODOPHYLLUM 


HERBERT H. DEDO, MD 


ROBERT K. JACKLER, MD 


SAN FRANCISCO, CALIFORAIA 


From 1976 to 1982, 109 patients with recurrent laryngeal papillomas were reated with a total of 548 CO, laser excisions followed by 
podophyllum painting. There was high incidence of maltiple sites of involvemer=, especially the tracheobronchial tree (18.3% ) and palate 
(8.3%). Four patients had pulmonary parenchymal involvement. Patients were4reated at 2-month intervals until they entered remission. 
Thereafter, microdirect laryngoscopies were advised at longer intervals. Remissien was achieved in 41 % ; it occurred at all ages although it 
wasmost common during adolescence and rarest in the very young and very old. Many patients obtained remission with the CO, laser after 
multiple prior cup forceps removals had not achieved remission. Only two tracaeotomies (1.8%) were required and no deaths occurred. 
When compared with mechanical methods of papilloma removal, CO, laser e-cision with podophyllum painting represents a clear ad- 
vance in terms of preservation of laryngeal physiology and avoidance of life-threatening complications. 


INTRODUCTION 


Laryngeal papillomas (LP) were first described 
during the 17th century by Marcellus Donelus who 
wrote describing them as “warts in the throat.’ A 
clear description did not emerge until the late 19th 
century when MacKensie differentiated papillomas 
from other benign lesions of the larynx.’ 


Squamous papillomas are the most common la- 
ryngeal tumor occurring in children. They are also 
among the most frequently encountered benign la- 
ryngeal growths at any age. Histologically, they are 
composed of multiple finger-like projections con- 
sisting of a central core of fibrous tissue covered by a 
fairly regular stratified squamous epithelium. On 
clinical rather than histological grounds they have 
been divided into two forms, adult and juvenile. In 
children, the disease often takes a more virulent 
course characterized by a rapid growth, formation 
of large exophytic clusters, and involvenent of 
other areas of the upper aerodigestive tract in addi- 
tion to the larynx. Adults, on the other hand, 
generally have a more quiet course with less fre- 
quent recurrences and better anatomic confine- 
ment. Malignant transformation has been -eported 
to eccur in a small percentage of cases mest often 
following radiation therapy.’ 


ETIOLOGY 


It is commonly held that LPs are caused by a 
virus of the papova group, although absolcte proof 
has been elusive.* Recently, using an immumoperox- 
idase stain, human papilloma virus (HPV) aas been 
identified in approximately 50% of LP.* Even more 
convincing is the work of Lancaster and Jenson who 
employed sophisticated DNA hybridization tech- 
niques to show the presence of papilloma virus 


genus specific DNA sequences in LP tissue.° Unfor- 
tunately, reproducible tissue culture for HPV has 
yet to be achieved, and isolation of virus from LP 
has nct yet been reported. 


In a classical experiment Uhllman transplanted 
papillbma from a child with LP to his arm and then 
to the mucous membrane of a dog.’ Others, more 
recently, have been unable to duplicate this work. 
Clinically, person-to-person transmission has long 
been -uspected in neonates, but not in adults. The 
majority of young children with LP have a positive 
matemal history of genital warts (condyloma acum- 
inata) during pregnancy.* The frequent association 
of LP and skin warts lends further circumstantial 
evidence of the viral etiology of this disease. 


THER«PY 


Altaough papillomas are histologically benign, 
they :an potentially be life-threatening. As they 
grow within the larynx or tracheobronchial tree, 
they may compromise the airway, sometimes lead- 
ing tc asphyxiation. Goals of therapy are mainten- 
ance ef airway patency, preservation of voice, and 
elimir ation of papillomas. 


The plethora of real and purported therapies for 
LP te:tify to the frustration of the physicians who 
have cealt with this disease over the years (Table 1). 
Basically, three approaches have been used: 1) chem- 
ical ichibition of papilloma growth (eg, antimetab- 
olites, hormones, podophyllum), 2) physical re- 
mova. (eg, cup forceps removal, cryosurgery, ultra- 
sound. laser), and 3) enhancement of the immune 
resporse (eg, vaccines, transfer factor, interferon). 
Standard care up to this time has consisted of re- 
peated surgical removal with either cup forceps or 
the CD, laser. We believe this study clearly shows 
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TABLE 1. TREATMENT OF LARYNGEAL PAPILLOMA" 


Medical 
Antibiotics (Aureomycin, chloramphenicol, etc) 
Chemotherapeutic agents (methotrexate, bleomycin, etc) 
Electrolytes telun magnesium) 

Immunologic 
Heterohemotherapy 
Interferon 


Surgical 
Cup forceps removal 
Thyrotomy with skin or vein graft 
Tracheotomy for “laryngeal rest” 


*Partial list. 


the advantage of the laser approach. 


Although many techniques have been proposed to 
control the disease, a true cure most probably 
awaits elucidation of the host-virus immune in- 
teraction or the development of an effective an- 
tiviral agent. The latest enthusiasm is the use of in- 
terferon. Haglund et al? have reported seven pa- 
tients treated with systemic leukocyte interferon 
with encouraging preliminary results. Unfortunate- 
ly, papillomas had a tendency to recur fcllowing 
cessation of therapy. 


MATERIALS AND METHODS 


Patients who underwent laser excision of papillomas were ad- 
mitted to the University of California Hospital, San Francisco 
(UCSF). Patients were usually discharged from the hospital on 
the morning following surgery, occasionally on the sameday. 


Most patients were referred to UCSF with the diagnosis of LP 
already having been made, but some were first diagnosed here. 
The diagnosis of pulmonary parenchymal extension presents a 
special problem. This was suspected in a patient with la-yngeal or 
tracheal papillomas when radiographic evidence of bullous 
change, nodulation, or cavitation were present in the ebsence of 
an alternative explanation.'° 


For laser excision, patients were placed under general anes- 
thesia via an endotracheal tube wrapped with aluminum tape. In 
children, a cuffless tube wrapped with 0.64 cm ('4 in) cluminum 
foil tape (Radio Shack Corp) was used. The wrap must begin at 
the very tip of the tube to protect against ignition. In adults, a 
1.27 cm (‘4 in) tape (3M, Minnesota Mining & Manu-acturing) 
was used, with the wrap commencing immediately abowe the en- 
dotracheal tube balloon. In both age groups, tape was carefully 
wound for 5.1 cm (2 in) up the tube. When a 5.1 cm wrap is used 
and the upper edge of the foil tape is set at the level of the tip of 
the epiglottis, the endotracheal tube tip will be at the co-rect level 
within the trachea. When necessary, for further protecton, moist 
cottonoids attached to long strings were placed in the subglottic 
space. For best exposure, the smallest tube compatible with ade- 
quate ventilation was selected (Table 2). Laryngoscopy was per- 
formed with an adult, adolescent, or pediatric Dedo->illing la- 
ryngoscope using a tooth guard. For laser surgery this was held in 
a Lewy suspension arm supported by a Mayo stand over the pa- 
tient’s chest. While manipulating the laryngoscope, care was 
taken to avoid mucosal breaks which can lead to seedmg of the 
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TABLE 2. ENDOTRACHEAL TUBE SIZE 


FOR CO, LASER SURGERY 
Patient’s Age Tube Size (ID Type of Tube 
Infant-3 yr 2.5mm  Cuffless plastic 
3-7 yr 3.0mm  Cuffless plastic 
7-10 yr 3.5mm  Cuffless plastic 
10-16 yr 20 F (4.5 mm) Cuffed red rubber or plastic 
Adult female 22 F (5.0 mm) Cuffed red rubber or plastic 
Adult male 24 F (5.5 mm) Cuffed red rubber or plastic 


ID - Internal diam eter; F - French. 


papillomas. Following mapping of the papillomas and photog- 
raphy, biopsies were taken with cup forceps and sent for routine 
pathology. A model 400 or 450 Coherent CO, laser was then used 
to vaporize the papillomas. The laser was controlled by a micro- 
manipulator attached to a Zeiss operating microscope when treat- 
ing papillomas of the larynx, pharynx, nasopharynx, nose, or 
skin. A Coherent 450 CO, laser bronchoscope was used to remove 
tracheal or main stem bronchial disease. 


Papillomas were excised with a 0.5 to 1 mm cuff of surrounding 
normal-appearing tissue. Excision was carried {ust past the base of 
the papillomas to the submucosal loose areolar tissue (Reinke’s 
space). Vocalis muscle and perichondrium were carefully pre- 
served. Slightly deeper excisions were required {n areas where 
papillomas repeatedly recurred in the same anatomic location. 
We have observed trapped microcysts in the sear tissue under re- 
current papillomas, Only when these microcysts were removed 
did these recalcitrant areas with papillomas finally clear. Care 
was taken not to denude both free edges of the anterior 3 mm of 
the true or false vocal cords to avoid web formation. Laryngoceles 
of the false cord will develop if the orifice of the ventricle is 
denuded circumferentially. This is avoided by excising the edge of 
the false cord and its papillomas with our ventricle protector (Pill- 
ing) in place to preserve the mucosa on the top of the true vocal 
cord. Occasionally, an existing web or adhesion had to be lysed in 
order to expose occult papillomas in the ventricle or subglottic re- 
gion. The ventricle was exposed by cutting the false vocal cord 
back until its raw inferior edge rested upon intact mucosa on the 
ventricle floor. When anterior commissure webs were simply di- 
vided with the laser they virtually always recurred. Definitive 
treatment for extensive (20% or more) anterior commissure web- 
bing at the false or true cord level was undertaken with the en- 
doscopic Teflon keel technique."! 


When skin papillomas were brought to our attention by the pa- 
tient they were excised with the CO; laser along with a 1l-mm cuff 
of normal skin. When excision was carried through the basal layer 
these seldom recurred. Papillomas of the pharynx and palate were 
exposed with a mouth gag and, when in the nasopharynx, re- 
quired the use of metallic mirrors to direct the laser beam. Fol- 
lowing papilloma excision, {n all locations except the skin, the bed 
was treated wtih 25% podophyllum.” This caustic resin is used to 
discourage papilloma reimplantation on raw surfaces. After ex- 
tensive experience no adverse effects have been found with its use. 


Postoperative respiratory distress was uncommon except in pa- 
tients with convex vocal cords or extensive tracheal disease. These 
patients were promptly treated with humidified oxygen, nebu- 
lized racemic epinephrine, and intravenous methylprednisolone, 
usually with good results. Reintubation was avoided, when possi- 
ble, and tracheotomy was done only as a last resort. Some of the 
patients who developed postoperative respiratory distress were 
found to have convex vocal cords even after thorough papilloma 
removal. The bulging portion has been found to contain num- 
erous trapped microcysts which expand the vocal cords thus im- 
pinging upon the airway. When the CO, laser was used to excise 
the convex portion back to a straight line from the anterior com- 
missure to the arytenoid, postoperative distress did not recur. 


Patients were scheduled for repeat treatments at 2-month in- 
tervals. Occasionally, a child with very rapidly growing disease 
required removal more often, even as frequently as once a week. 
When a patient became free of disease, he was re-examined under 
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Fig. 1. Age at onset (Ø - 109 patients) compared with age 
at remission (W - 45 patients). 


anesthesia in approximately twice the preceding interval (4, 8. 16 
months, etc), providing that papillomas had not recurred. 


RESULTS 


Over a 6-year period (1976 to 1982) a total of 109 
patients underwent 548 laser removals of laryngeal 
papillomas. This averages just over five procedures 
per patient. Prior to commencing laser therapy, 
these same patients had undergone approximately 
1050 conventional surgical removals, approximate- 
ly 10 per patient, without eradication of their dis- 
ease. 


Sex Ratio. There were 66 male patients (60.6 7%) 
and 43 (39.4%) patients were female. This agrees 
with the slight male predominance often noted in 
the literature. 


Race. A wide racial distribution was found: 
white — 81 (74.3%); black — 15 (13.7%); His- 
panic — 8 (7.3%); oriental — 3 (2.8%); and Arab 
— 2 (1.8%). This is not substantially different from 
the distribution of patients within our referral pop- 
ulation at large. 


Geographic Location. The majority of our pa- 
tients were from California with 44 (40.4%) resid- 
ing in the San Francisco Bay area, and 46 (42.2 7%) 
from more distant parts of the state. Fifteen pa- 
tients (13.8%) came from other states, and 4 
(3.6%) from other countries. 


Age at Onset. This was considered to be the age 
at which the patient first underwent a surgical pro- 
cedure for papillomas (Fig. 1). Longer histories of 
hoarseness often existed, but accurate estimation of 
this period is difficult. Although no age is immune 
from LPs, they most often begin in childhood and 
are uncommon in old age. Forty-eight of our pa- 
tients (44%) developed their disease in the first ten 
years of life, of these 40 (36.7%) in the first five 
years. 


Sites of Involvement. We have confirmed the find- 
ings of others that this disease represents a diathesis 
of the entire upper aerodigestive tract, rather than a 
disease limited to the larynx (Table 3). Thirty-two 
of our 109 patients (29.4%) manifested extralaryn- 
geal involvement. One half of these were under five 
years of age at the onset of their disease. Virtually 


TABLE 3. SITES INVOLVED IN 
LARYNGEAL PAPILLOMATOSIS 


Site No. of Patients % 
Larynx 109 100.0 
Trachea 17 15.6 
Main stem bronchi 3 2.8 
Lung parenchyma (suspected) 4 3.7 
Pyriform sinus 2 1.8 
Pharyngeal wall 4 3.7 
Vallecula 4 3.7 
Tongue 2 1.8 
Tonsils 5 4.6 
Palate 9 8.3 
Oral mucosa 2 1.8 
Nose 2 1.8 
Nasopharynx 5 4.6 
Skin 7 6.4 


all of the patients with widespread disease involving 
multiple sites were young children. Tracheobron- 
chial disease was found in 20 patients (18.3%) mak- 
ing it the most common extralaryngeal site. Next 
common were the soft palate — 9 (8.3%), skin — 7 
(6.4%), nasopharynx — 5 (4.6%), and tonsils — 5 
(4.6%). 


Pulmonary Papillomatosis. Four patients had sus- 
pected pulmonary parenchymal involvement. Only 
one patient (Case 2) developed this problem while 
undergoing laser therapy. 


Case 1. A 29-year-old female whose disease began at age 2 years 
had a tracheotomy in infancy and has never been decannulated. 
She has lost count after more than 100 procedures including fre- 
quent removals from the tracheobronchial tree. Chest x-ray film 
reveals widespread scarring and chronic right upper lobe consol- 
idation and abscess secondary to papillomas obstructing the right 
upper lobe bronchus. 


Case 2. A 9-year-old male whose disease began at age 5 has had 
17 procedures with frequent removals from the tracheobronchial 
tree, but no tracheotomy. His disease began on the tonsils and 
then spread sequentially to the larynx, trachea, and finally the 
lungs. At this time his only remaining disease is in the lung paren- 
chyma. Chest x-ray film now reveals bilateral diffuse nodular 
disease. 


Case 3. A 76-year-old male whose disease began at age 62 had a 
trachestomy early in his disease course and was never decan- 
nulated. He has undergone 59 procedures with frequent removals 
from the trachea. Chest x-ray film reveals cavitary and bullous 
changes in both lungs. 


Case 4. A 13-year-old male whose laryngeal disease began at 
age 9 has had neither trachoebronchial disease nor a tracheotomy. 
He has undergone 25 procedures to date. Chest x-ray film reveals 
severe bullous changes in both upper lobes. 


Number of Procedures. The majority of patients, 
66 (60.6%), had from 2 to more than 100 cup for- 
ceps removals prior to beginning laser therapy (Fig. 
2). Another 24 patients (22%) had only a single di- 
agnostic cup forceps removal prior to referral. Only 
19 patients (17.4%) began their treatment with the 
laser. The average patient had a lifetime total of ap- 
proximately 15 procedures, 5 of these being laser. 


Remission Rate. Forty-five patients (41.3%) 
were free of disease at their last examination. In 
80% , including all of the children, this was deter- 
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Fig. 2. All types of procedures (109 patients). 


mined at microdirect laryngoscopy. A few selected 
adults with easily visualized larynges were fcllowed 
by indirect examination alone after no papillomas 
were evident at one microdirect laryngoscopy and 
symptoms were absent. However, it is preferable to 
use microdirect laryngoscopy for follow-up as in- 
direct examination alone frequently misses subtle or 
anatomically hidden papillomas. We have had ap- 
proximately ten patients in whom indirect laryngo- 
scopy appeared clear while papillomas were found 
at microdirect laryngoscopy the very next day. 
Length of follow-up varied from two months to two 
years with the average being 8.5 months. There was 
a tendency for patients not to return for follow-up 
after two or three examinations revealed nc papil- 
lomas. 


Remissions occurred at all ages (Fig. 1), although 
it was most common in adolescence and rarest in 
the very young and very old. While 32.1% of pa- 
tients developed their disease from birth to age 5, 
only 8.9% of remissions occurred in this age group. 
On the other hand, the 11- to 20-year-old group ac- 
counted for 22.2% of all remissions, while only 
4.6% developed their disease during these years. 
We did not find the paucity of midlife remissions 
reported by Strong et al.° 


The number of prior cup forceps removals bore 
little relation to the likelihood of achieving remis- 
sion on laser therapy (Fig. 3). Fifty-two percent of 
patients who had undergone more than two pre- 
vious mechanical removals entered remission on 
laser therapy. Twelve patients obtained remission 
despite more than ten previous cup forceps re- 
movals without remission. Two of these patients 
had more than 40 previous mechanical removals. 


It has been our observation that most patients re- 
quire several laser treatments before achieving re- 
mission (Fig. 3). This is because of the necessity of 
working on only one side of the anterior commissure 
at a time. Although our protocol calls for repeat ex- 
cision at 2-month intervals, alternate sides of the 
anterior commissure are thus, in reality, treated on- 
ly every four months. Occasionally, especially in 
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Fig. 3. Number of prior cup forceps removals without 
remission (“ - 45 patients) compared with the number of 
laser removals required to achieve remission (WM - 45 pa- 
tients). 


children, this allows considerable regrowth during 
the interim. Patients not responding at all after ten 
laser treatments seldom enter remission. However, 
contrary to Strong et al,* we had four patients who 
remitted after more than 11 laser treatments. 


Complications. Only two patients (1.8%) re- 
quired tracheotomy while undergoing laser ther- 
apy. They were young, aged 1 and 2'/, years. In 
each case, rapidly growing, circumferential, ob- 
structing laryngeal papillomas resulted in acute up- 
per airway obstruction. One patient was success- 
fully decannulated three months post-tracheotomy 
and went on to have a clear larynx after 19 laser 
treatments over a 4-year period. The other re- 
mained cannulated despite multiple procedures and 
is now followed elsewhere. There were 12 patients 
who had undergone tracheotomy prior to beginning 
laser therapy. Decannulation was achieved in six of 
these. 


Nine patients required endoscopic Teflon keel 
placement'' for significant anterior glottic web- 
bing; in seven of these the webbing was present 
upon referral. In two patients substantial webbing 
developed while undergoing laser therapy. These 
occurred early in our series before development of 
anterior commissure protectors (Pilling Co) which 
made it possible to remove papillomas precisely to 
the anterior midline. 


No deaths have occurred to date, but there have 
been several close calls in patients with severe air- 
way compromise. 


Malignant Degeneration. Three adults, age 45, 
72, and 78, developed squamous cell carcinoma of 
the larynx. All developed their papillomatous dis- 
ease during adulthood at ages 43, 56, and 76 re- 
spectively. They had from 6 to 14 laser and cup 
forceps excisions prior to the diagnosis of malig- 
nancy. The final histology in each case was verru- 
cous carcinoma. Earlier pathology specimens, when 
reviewed, still appeared to show benign squamous 
papillomas. In contrast to the literature, none of 
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TABLE 4. COMPLICATIONS — A REVIEW 
OF THE LITERATURE 


Trache- 
No. otomy Deaths 
Series Year Pts. % % No. 
Mechanical removal 
Holinger’? 1950 109 17.4 (?) 
Bjork'* 1956 98 8.2 7.1 7 
del Villar'® 1956 112 52.7 7.1 8 
Majoros'® 1964 101 64.3 13.8 14 
Dekelbaum"’ 1965 67 17.9 3.0 2 
Klos'® 1970 62 11.3 8.0 5 
Cohen”? 1980 90 4.4 Bo 3 
Laser removal * 
Strongë 1976 110 2-7 0 
Dedo & 
Jackler 1982 109 1.8 0 


*Includes only tracheotomies performed while undergoing laser ther- 
apy. 


our patients gave a history of prior irradiation 
therapy to the neck. All three are alive and well 
after laryngectomy, although one patient continues 
to form papillomas in the tracheostome. 


DISCUSSION 


Although laryngeal papillomatosis is a benign 
disease, it is traditionally associated with a sub- 
stantial morbidity and mortality. The major sources 
of morbidity are 1) airway obstruction secondary to 
laryngeal stenosis or exophytic papilloma growth, 
2) deterioration of voice, 3) pulmonary infections, 
and 4) loss of time from work or school. Mortality 
most often results from asphyxiation caused by ex- 
uberant papilloma growth, blockage of the trache- 
otomy tube, or postoperative edema. A high corre- 
lation between the presence of a tracheotomy and 
mortality exists. Death may also occur with malig- 
nant degeneration or where pulmonary papilloma- 
tosis results in extensive destruction of lung tissue. 


A literature review (Table 4)™-'° of seven major 
studies over the last 30 years reflects the high poten- 
tial for complications in this disease. An average of 
25% tracheotomies and 7% deaths was obtained 
with conventional therapy. Using CO, laser excision 
followed by podophyllum painting we had only 
1.8% tracheotomies and no deaths in 109 patients. 
This agrees quite well with the only other large 
laser series in the literature, that of Strong et al.’ 
They required only 2.7% tracheotomies and also 
were without deaths. We believe that these statistics 
demonstrate the clear-cut superiority of CO, laser 
therapy over traditional mechanical methods. 


There are several factors contributing to the 
paucity of morbidity and mortality in this series. 
Most important is the combination of mierodirect 
laryngoscopy and the surgical CO, laser which per- 
mits more precise, complete, and bloodless papil- 


loma excision. The relatively minimal postoperative 
edema following laser surgery circumvents many of 
the acute airway problems encountered following 
mechanical avulsion. Also, the long-term effects of 
scarring, webbing, and stenosis are infrequent. 
Another important factor is the regular eradication 
of papillomas on a scheduled basis before extensive 
regrowth occurs. Formerly, many surgeons waited 
until symptoms of airway obstruction or severe 
vocal disturbance occurred before undertaking 
treatment. This only encourages complications and 
minimizes chances of remission. Also essential is 
skillful anesthesia performed by those experienced 
with using pediatric techniques and the smallest 
possible endotracheal tubes. 


Another advantage of the CO, laser is the main- 
tenance of vocal quality. In an earlier review of 67 
papilloma patients treated with cup forceps at our 
own institution’? 50% of patients had persistent 
hoarseness secondary to “thickened vocal cords, fi- 
brotie changes, and recurrent papilloma.” Although 
exact qualitative data are lacking, we have the 
strong clinical impression that vocal quality is bet- 
ter preserved with CO, laser therapy than with cup 
forceps removal. 


The ultimate goal of papilloma therapy is a 
lasting cure. Unfortunately, this has been elusive, 
and papillomas may recur even after long periods of 
absence. The terms used in the literature to describe 
favorable results and duration of follow-up are 
highly variable. For future use we propose a no- 
menclature to classify the long-term follow-up of 
papilloma patients: 1) remission — no papillomas 
visible at the most recent examination; 2) clearance 
— no papillomas for three years; and 3) cure — no 
papillomas for five years. In this respect ours has 
been a preliminary study and we are in the process 
of collecting statistically significant data from 3- 
and 5-year follow-ups. Favorable immediate term 
results have been seen in those patients who have 
undergone first cup forceps removal and then laser 
excisions. These patients, who served as their own 
longitudinal controls, achieved a 52% remission 
rate on CO, laser therapy after repeated cup forceps 
removals had failed to control their disease. A few 
of these patients have now even gone four and five 
years without recurrence. Our hope is that meticu- 
lously done CO, laser excision, followed by podo- 
phyllum painting will achieve better long-term 
papilloma control than that obtainable with me- 
chanical removal. 


In summary, we have found that the treatment of 
LP with CO, laser followed by podophyllum paint- 
ing represents a clear advance over traditional me- 
chanical methods of papilloma removal when voice 
quality, remission rate, and especially incidence of 
complications, and occurrences of death are consid- 
ered. 
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Fourteen patients with aggressive juvenile laryngeal papillomatosis were treated with systemic administration of alpha-type inter- 
feron (IFN). The initial dosage of 2 million units alpha-interferon/m’ was modified if a favorable response in the papilloma growth oc- 
curred, or if persistent drug-related side effects developed. Half of the patients showed a sustained response while on IFN, and two patients 
had a complete response. Persistent elevation in SGOT was the main dose-limiting toxicity, especially in infants below age seven years. All 
side effects subsided after the drug was discontinued. Further studies are recommended. 


INTRODUCTION 


Juvenile laryngeal papillomatosis (JLP) is the 
most common benign proliferative condition seen in 
the larynx of children,’ has a relentless propensity 
for recurrence and a befuddling lack of behavioral 
predictability. The papillomas are consistently lo- 
calized in the larynx and have an overall low inci- 
dence of growth in the tracheobronchial tree below 
the site of origin. Although the mortality from the 
disease is generally thought to be low, it has been 
reportedly high in several series.* Local aggressive- 
ness can be a dominant feature and, in rare in- 
stances the disease has been associated with carci- 
noma of the larynx and cancer of the lung.’** 


The mainstay of treatment remains surgical abla- 
tion of all visible papillomas; however, recurrence 
in the majority of patients requires repeat surgery 
under general anesthesia. Cryosurgery, diathermy, 
electrofulguration, ultrasound, radiotherapy, topi- 
cal application of podophyllin, steroid hormones, 
tetracycline, cytotoxic drugs, antimetabolites, and 
biologic response modifiers have also been utilized 
as treatment.°''’ CO, laser vaporization has been 
the most popular method used in recent years.'* The 
general philosophy of management is to control the 
growth of the papillomas with minimum danger to 
normal tissues in the hope that the aggressiveness of 
the tumor will diminish in time. 


It seems that younger children are afflicted with 
more aggressive forms of the disease than are adole- 
scents, and that in the adult, laryngeal papillome- 
tosis tends to be even less active.'’ Contradictions in 
the disease’s natural history and clinical behavior 
are plentiful. Puberty has been associated with 
spontaneous involution of disease and diminution of 


growth of papillomas in some patients; however, 
this finding has been inconsistent. It is uncertain at 
this time if pregnancy is associated with any signifi- 
cant change in growth pattern.** A spontaneous ces- 
sation of growth and even complete remission after 
periods of very active proliferation have been recog- 
nized. These variables make the evaluation of any 
therapeutic modality difficult. 


Evidence of viral cause for JLP has not been con- 
clusive. Indirect evidence of viral etiology is sup- 
ported by the presence of tumorigenic intranuclear 
DNA virus belonging to the papovavirus group and 
by many past observations.’°*' As early as 1890, 
Thost* described the concomitant occurrence of 
cutaneous and laryngeal papillomas in the same pa- 
tient. Ullman’? and Ishikawa?’ independently per- 
formed self-inoculation experiments with laryngeal 
papillomatosis. Meesen and Schutz,” Pinsker and 
Proud” and Timmel’’ made the initial cellular mor- 
phologic observations that suggested a viral etiol- 


ogy. 


Papilloma viruses are a subgroup of the papova 
viridae family. These viruses are not only host- but 
tissue-specific and induce epithelial and fibroepi- 
thelial tumors in skin and mucosal epithelia.”*”’ 
Five different viruses have been identified in cutan- 
eous papillomas in humans. It has been assumed 
that the human papilloma virus may not only be re- 
sponsible for cutaneous lesions but may also be asso- 
ciated with mucosal papillomas such as laryngeal 
and anal genital warts. However, in vitro isolation 
has not yet been reproducibly accomplished. The 
data of Quick et al” suggests that the viruses that 
produce papillomas and cutaneous verrucae are of a 
similar family subgroup. Most cases of JLP would 
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be caused by one or more of the different serotypes 
of human papilloma viruses. 


Because JLP seems to be a virally related dis- 
order, there has been hope that interferon (IFN) 
may be helpful in its treatment. Interferon is a nat- 
urally occurring substance with clearly demon- 
strated antiviral and antiproliferative effects.*'-** It 
has been used against myxovirus and herpes simplex 
virus infections by topical application to tke respi- 
ratory mucosa and corneal epithelium, respective- 
ly. Haglund et al** recently reported the results us- 
ing human leukocyte IFN (alpha-IFN) -o treat 
seven patients with JLP. All seven patients showed 
some regression of papilloma growth. We report 
here the preliminary results of a study using alpha- 
IFN in patients with JLP. 


INTERFERON — BACKGROUND 


Interferons are potent antiviral, antiprolifera- 
tive, and immunomodulating proteins. Since their 
discovery in 1957, a substantial body of knowledge 
on their biology and biochemistry has been promul- 
gated.*’-** 


The IFN system itself is a complex defense me- 
chanism involving the release of substances from 
cells infected with viruses. IFN is able to confer an- 
tiviral resistance on virus-susceptible cells. By itself, 
IFN has no direct antiviral action; however, it does 
induce synthesis of intracellular enzymes that act to 
control viral growth.” 


Many cells are capable of producing IFN. In 
vivo, cells of the reticuloendothelial system are good 
producers; thus the lymphocyte, and probably the 
macrophage, are important sources of the sub- 
stance. Fibroblasts are very productive of IFN. 
Transformed human lymphoid cells, such as those 
isolated from a Burkitt’s lymphoma patient, can 
produce high levels of leukocyte IFN.*??-*° 


The two major types of IFN are type I, which is 
induced by viruses, and type II, which is induced by 
antigens or mitogens. Type I IFNs include leukocyte 
(alpha) and fibroblast (beta); type II, or :mmune 
IFN, is called gamma. At present, alpha--FN has 
been the main source for clinical trials, and most of 
the current knowledge of the pharmacokinetics, 
toxicity, and clinical efficacy is based on its study. 


The IFNs are polypeptides and those that are pro- 
duced in response to an antigenic challenge, ie, 
gamma-IFN, probably come from the T lympho- 
cytes. Because IFN is a protein, it was originally an- 
ticipated that standard biochemical prccedures 
would induce a pure, homogeneous material. This 
has not, in fact, been the case, and purification of 
the end-product has posed a major problem. Re- 
cently, however, progress has been made in this 
area, and homogeneous leukocyte IFN produced 
bacterially by recombinant DNA technology has 
been reported.*' 


IFN has an antiproliferative property that in- 
hibits the division of tumor cells grown in culture, 
and the cell-multiplication-inhibition effects seem 
to influence inhibition of lymphocyte transforma- 
tion as well as antibody synthesis.*? In contrast, IFN 
enhances phagocytosis by increasing macrophage 
activation, increases sensitized cytotoxic lympho- 
cyte activity, and activates the natural killer (NK) 
cell. Although little evidence exists regarding the in 
vivo role of NK cells in the antiviral activities of 
IFN, it is thought to be involved. It has been dem- 
onstrated that IFN has the capacity to induce cer- 
tain tumor regressions; however, the precise 
mechanism is unclear. A variety of immunopoten- 
tiating agents have been administered to cancer pa- 
tients for the last decade, but tumor regression has . 
rarely been observed. Thus, it is unlikely that the 
immune-enhancing properties of IFN are solely re- 
sponsible for tumor regression. It may be that the ° 
direct effect of IFNs on the growth of tumor cells is 
important.» l 


METHODS 


A randomized prospective study was conducted between 
March 1981 and February 1982 on 14 patients with aggressive la- 
ryngeal and/or laryngotracheobronchial (LTB) papillomatosis. 
Characteristics of the patient population are summarized in the 
table. Three patients had papillomatas in all three areas: larynx, 
trachea, and bronchi (patients 7,12,13). The adult patents had 
required two or more therapeutic endoscopies within the preced- 
ing year, and all children had four or more such procedures dur- 
ing that time. All patients required numerous endoscopies pre- 
viously, with two patients requiring more than 60 procedures and 
one with over 300 endoscopies in his lifetime. Eight patients had 
previously required or were currently dependent on tracheos- 
tomy. Six patients had histories of at least one major crisis during 
their illnesses, such as acute airway obstruction or cardiopul- 
monary arrest. Eleven patients were male and 3 were female; 
there were 5 adults, 2 adolescents, and 7 were less than 10 years 
old. Ages ranged from 2 to 35 years. All patients were white. 


Alpha-IFN was obtained from the Finnish Red Cross and Blood 
Transfusion Laboratories, Helsinki, Finland. Before the patients 
were admitted in the study, detailed histories were taken and 
physical examinations were performed. Complete blood counts, 
platelet count, liver function studies, serum urea nitrogen, creati- 
nine determinations, and chest roentgenograms were obtained. 
Direct laryngoscopy and appropriate laser vaporization were per- 
formed on all patients prior to initiation of IFN treatment. Par- 
ents and patients received extensive counseling, and informed 
consent was obtained prior to each patient’s enrollment in the 
study. Once treatment was initiated, patients underwent monthly 
laryngoscopies during the first three months, followed by laryngo- 
scopies at 2 to 3-month intervals as dictated by clinical progress. 
Eleven of the 14 patients underwent laryngoscopies by the same 
surgeon (RBS). Papillomas were removed by endoscopic instru- 
mentation as needed in the trachea and bronchi and by carbon 
dioxide laser vaporization in the larynx. The extent and distribu- 
tion of papillomas were recorded diagrammatically in each case. 


During each patient’s treatment, complete blood differential 
and platelet counts were obtained weekly during the first month 
of treatment, twice a month during the second, and monthly dur- 
ing the remainder of the period of IFN administration. Liver and 
renal function studies were performed monthly for the first three 
nionths of treatment and subsequently on a bimonthly basis. 


The initial dose of IFN was 2 million units/m? daily, intramus- 
cularly, The frequency of administration was changed to three 
times weekly whenever the papilloma growth rate decreased or 
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SUMMARY OF CHARACTERISTICS OF PATIENT POPULATION 





Onset Papilloma Naturel History IFN Treatment 
Age Age Initial Sustained Dose De- 
Patient Sex r r Location Crisis* Endos Months Toxicit Response Response penden 
l M 3 1.5 Larynx Yes Many 7  Slight-liver Slight Yes -— 
2 M 35 32 Larynx No Many 11 __ Slight-liver, Complete Yes Yes 
WBC 
3 M 3 1.5 Larynx/trachea No Many 11  Slight-liver, Complete Yes No 
(tracheostomy) WBC 
4 M 9 6 Larynx No Many 6 Marked- None -— —- 
liver, WBC 
5 M 30 25 Larynx Yes Many 10 None Complete No-grew Yes 
(tracheostomy) at 7 mo 
6 F 5 3 Larynx No Many 7 Marked- Complete LTF at No 
liver 8 mo 
T F 2 l Larynx, TBP Yes Many 12t None Moderate No-grew Yes 
(tracheostomy) at 6 mo 
8 M 26 2 Larynx No 60 + 11 None Complete No-grew No 
(tracheostomy) at 4 mo 
9 M 27 2 Larynx No 300 + 9 None Good Yes Yes 
(tracheostomy) 
10 M 12 5 Larynx Yes 60 + 12 Moderate- Good No Yes 
liver, WBC 
11 F 8 5 Larynx Yes Many 11 Moderate- Good No-grew Yes 
(tracheostomy) liver, WBC at 4 mo 
12 M 14 4 Larynx, TBP No Many 7  Slight-WBC Slight Yes No 
(tracheostomy) 
13 M 4 2 Larynx, TBP Yes Many 12 None Moderate Yes Yes 
(tracheostomy) 
14 F 8 Larynx No Many 4 Marked- Slight No — 
liver 


TBP - Tracheobronchial pulmonary involvement; LTF - Lost to follow-up. 


* History of either respiratory obstruction necessitating tracheostomy or cardiorespiratory arrest. 


tContinuing. 


remained stable over two successive endoscopies. Furthermcre, 
changes in frequency and/or reduction in the individual dose (to 1 
million units/m?) was called for whenever the WBC count drop- 
ped below 2500/cu mm, or the level of SGOT rose above 100 
units/ml. If toxicity persisted despite dosage changes, IFN was 
temporarily discontinued until blood test values returned to nor- 
mal. Patients or family members were instructed in the technique 
of injection for at-home IFN administration. Withdrawal of the 
patients from IFN therapy was considered on an individual basis. 


Response to treatment was graded by the evaluatoon of cia- 
grammatic representation seen at the time of each endoscopy. A 
response was considered complete when no evidence of papilloma 
was present in the laryngotracheobronchial area; good response, 
an estimated 75% reduction of the overall papilloma volume 
relative to the disease at the time of entrance into the study; 
moderate response, 50 to 75% estimated reduction; and slight 
response, 25 to 50% reduction. If no discernible reduction in 
growth occurred or if growth increased, it was considerec a 
negative response. Reductions in size were assumed to represent a 
response to IFN. 


RESULTS 


Twelve of the 14 patients completed a minimum 
of seven months of alpha-IFN therapy. Fatient 4 
was removed from the study because of continued 
toxicity (primarily SGOT elevation) despite dose 
modifications. Patient 14 was removed from the 
study at parental request after the first signs of 
significant liver toxicity. These two patients had 
shown no response or slight response while receiving 


the drug. 


The responses were distributed as follows among 
the 12 evaluable patients: 5, complete response (2 of 
5 having sustained responses); 3, good response (1 of 
3 sustained); 2, moderate response (1 of 2 sustained); 
and 2. slight response (2 of 2 sustained). 


Of the 5 complete responders, there were 3 adults 
and 2 children, ages 3 and 5 years. All the adults 
showed complete or good response. The two pa- 
tients in whom slight responses were seen were 3 
and 14 years of age. Six of the 12 patients who re- 
sponded sustained the initial response throughout 
the entire period of IFN administration. One pa- 
tient who showed a complete response was lost to 
follow-up after one month of observation (patient 
6), and the remaining six patients had breakthrough 
of disease suppression and failed to sustain the in- 
itial tumor response. There was no apparent cor- 
relation between the degree of initial response and 
the predictability of sustaining such. 


The response-dose relationship of individual re- 
sponders cannot be judged on any patient with less 
than a moderate response. Of the ten complete, 
good, or moderate responses only four patients 
showed substantial changes in tumor response with 
alterations of the IFN dosage. Although there was a 
striking fluctuation of growth rate relative to do- 
sage im very sensitive patients (2,5 and 9), it would 
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appear that the sensitivity of response to this IFN is 
essentially an “all or none” phenomenon. 


IFN has been discontinued in all but one patient 
(7). Nine patients were evaluated for periods longer 
than 7 months — three, 12 months; four, 11 months; 
one, 12 months; and one, 9 months. Eight patients 
have had at least one month’s examination follow- 
ing cessation of IFN treatment. Two of these pa- 
tients (1 and 12) had slight increase in growth rela- 
tive to the volume of tumor noted at the time of IFN 
withdrawal. Two of these four patients (9 and 11) 
had marked and moderate increases in growth, re- 
spectively. Patient 13 showed a transient diminu- 
tion of disease for approximately one month after 
cessation of treatment followed by renewed growth 
of papillomas, Patients 2,3, 5, and 6 have teen fol- 
lowed for 1 to 3 months without any signs of in- 
creased growth. Patients 2 and 3 with complete re- 
sponses remain free of disease until the present. 


Toxicity was evaluated in 14 patients. Of the 9 
patients who demonstrated signs of toxicity. 3 were 
in the group of complete responses, 2 had good re- 
sponses, 3 had slight responses and 1 had no re- 
sponse. Neither of the two with moderate responses 
demonstrated any toxicity. 


Temperature elevation was common during the 
first few injections of IFN but did not appear after 
the patients had received multiple doses. Malaise, 
fatigue, and a slight anorexia were not ignared but 
were usually thought to be of minor significence. As 
a matter of fact, the infants who showed mazked re- 
gression of tumor usually became more active and 
had increased appetites. Toxicity was measured by 
WEC drop, and elevation in the SGOT level. The 
degrees of toxicity were classified as sligtt (1+) 
when the SGOT remained under 100 and returned 
to normal with the adjustment of the IFN desage. It 
was considered moderate (2+) when the SGOT 
level was above 100 but returned to normal with 
proper dosage adjustment. Toxicity (3+) was con- 
sidered marked when the SGOT level was progres- 
sive and forced discontinuation of the protocol. 
Two of the nine patients with toxicity were taken 
off the study because of persistent side effects. De- 
pression of the WBC or elevation of the liver en- 
zyme has been totally reversed by alteration of IFN 
level or cessation of the drug altogether. 


No correlation between the response of papillo- 
mas and the susceptibility of the patient to IFN tox- 
icity was seen. It is noticeable, though, that f the 8 
patients who were under ten years of age, 6 Jemon- 
strated SGOT elevations and 4 of these 8 patients 
had myelosuppression as well. Only one of zhe five 
adult patients showed mild liver enzyme el=vation 
and a slight bone marrow suppression. From these 
numbers, it appears that age of the patients is an 
important factor in tolerance to IFN. 


DISCUSSION 


Not only are there variations in the natural 
history of JLP from patient to patient, but in time 
different patterns of aggressiveness may be seen in 
the same patient. Several internal and external in- 
fluences on the host, some of which escape our pres- 
ent knowledge, induce variations in the behavior of 
this benign tumor and add to the difficulty of eval- 
uation of its treatment. More aggressive forms of 
the disease in the larynx, which is the site of most 
frequent involvement, or over the mucosa of the 
trachea and bronchi, have necessitated a variety of 
treatments other than surgical ablation of tumor. 
Chemotherapy, given systemically or applied topi- 
cally, has enjoyed transient popularity, but, by and 
large, it has not given consistent results.'-'*? 


The IFN system is described as a complex mecha- 
nism of cellular defense triggered or induced usual- 
ly by the influence of viral antigen. The different 
types of IFN have species-specific antiviral, anti- 
proliferative and antitumor effects.” 


The majority of clinical studies have been carried 
out with leukocyte or alpha-IFN. This study was 
conducted using the product, originally developed 
by Cantell,*® of the Finnish Red Cross Blood Trans- 
fusion Center and the Central Public Health Labor- 
atory in Helsinki. The preparation obtained is ap- 
proximately of 1% purity. Lymphoblastoid IFN 
and IFN obtained through the recombinant DNA 
technology are of 80-95% purity, respectively. Fur- 
thermore, it has been shown that the alpha-IFN ob- 
tained by the Cantell method is probably a mixture 
of several sub-types of IFN, each one with a specific 
activity. 


This present study to a large extent duplicates 
what was reported by Haglund et al.** Although we 
administered a substantially higher dose of IFN ona 
daily basis to our patient population, neither the 
magnitude nor the rate of response could be judged 
to be very different, if we consider that the two pa- 
tient populations are compatible. Most patients 
continued to receive IFN for over nine months with- 
out a substantial increase in the response rate. By 
and large, the beneficial effects of the drug were 
noticed within 6 to 12 weeks of therapy, and the 
dose-response relationship was only present in 4 of 
10 patients. We did not find that severity of disease 
or amount of papillomas had any influence on the 
response rate of this drug. By study design, it was 
required that all patients have aggressive papillo- 
matosis, and this may have had some influence on 
the relatively low response rate. 


The most accurate possible documentation of any 
objective changes within the larynx and the trache- 
obronchial tree are mandatory. Photographic rec- 
ords of the laryngoscopic findings will only reflect 
the superficial and more proximal appearance of 
the papillomatosis and certainly fall short of any 
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tumor volume determination. Graphic-pictorial 
documentation used in this study depends on the ac- 
curacy of the observer and is fraught with some 
margin of discrepancy. We believe that having one 
endoscopist (RBS) follow up the majority of the pa- 
tients provided the most accurate, objective evalua- 
tion. Despite the method of recording disease some 
subtleties of change are difficult to describe. One 
finding that is difficult to document is the appear- 
ance of the epithelium of the papillomas during IFN 
treatment. Some studies have verified histologic 
changes of degeneration in the papilloma under the 
influence of treatment.*?** On repeated occasions, 
the observers noticed that under the influence of 
IFN, the florid, cauliflower-like raised, pinkish 
papillomas gradually changed to a flat, eobble- 
stone-like pale mucosa, and that these changes re- 
verted to the previous form when the disease process 
became more active. These visual findings require 
histologic and ultrastructural verification. Papil- 
loma specimens were taken from all patients during 
their treatment, and these histologic and ultrastruc- 
tural changes are under study and will be reported 
in the future. 


Interferon acts as a biologic modifier; therefore, 
it is possible that when substantial numbers of pap- 
illomas are present, the benefits from treatment will 
be limited. For this reason, we believe that future 
studies should be designed in such a way that pa- 
tients would, by conventional means, be rendered 
free of as much obvious papilloma as possible, prior 
to beginning IFN treatment. If we assume that pap- 
illomas are virally-induced, the best time to admin- 
ister IFN is before the target cell is stricken by the 
virus. Furthermore, the antiproliferative and anti- 
tumor effects of IFN are most likely to be effective 
on a relatively small volume of papillomas. 


An interesting observation was the increased 
papilloma proliferation and growth when IFN had 
to be reduced in dose or frequency of administra- 
tion. This supports previous studies and places em- 
phasis on the need to determine the optimal dose- 
time schedule to achieve the best results. A reverse 
rebound or delayed response effect was observed in 
patient 13 three weeks after the drug was discontin- 
ued when the endoscopist noted a striking improve- 
ment. Unfortunately, this was a short-lasting re- 
sponse. The exact mechanism of this rebound re- 
sponse is unknown, but similar effects have been 
noticed occasionally in patients with solid tumors 
treated with interferon.** 


All patients experienced drug-related symptoms 
during treatment. Fever was present only following 
the first few injections, and malaise, fatigue, and 
anorexia were not considered significantly impor- 
tant. On the other hand, patients who had complete 
responses experienced a sensation of well-being and 
an increase in appetite. 


The main dose-limiting side effect in our patient 


population has been an SGOT elevation. It is strik- 
ing that this was particularly noticeable in the 
younger patients but, again, was not a consistent 
finding. In every instance, the laboratory values re- 
turned to normal within a week after IFN was dis- 
continued and, in all, remained within normal 
range er slightly above normal when IFN was re- 
sumed at either lower dosage or a reduced frequen- 
cy of administration (three times a week). All pa- 
tients had slight decreases in WBC primarily due to 
a decrease in neutrophils. The myelosuppression 
was mild, with leukopenia below 3,000 in only a 
few instances. Opportunistic infections did not oc- 
cur. At this time, the exact mechanism of the SGOT 
elevation is unclear, and it appears that it is not a 
manifestation of the IFN itself but may be due to 
the impurities of the preparation. From studies 
done in patients with solid tumors, this toxic effect 
is absent when the purified preparations are used.” 
The multiple anesthetics necessary for endoscopic 
surgery could be partially responsible for this en- 
zyme elevation. None of the side effects nor the 
signs of toxicity have persisted after withdrawal 
from the drug. 


Subsequent studies with IFN will have to be de- 
signed in such a way that maximum experience is 
gained to determine the exact dosage and route of 
administration. It is plausible that the drug could 
be used locally to the affected organ, which would 
lessen significant systemic side effects.** Whether 
daily treatment is necessary or an intermittent pulse 
schedule is more appropriate can only be answered 
by properly designed randomized studies. Pharma- 
cologic data must be obtained and serum levels will, 
in part, reflect the degree of IFN-binding to the 
target tissues. 


It is possible that the method of production of 
alpha-IFN influences its activity. The New York 
Blood Center has been producing IFN by methods 
similar to that used by Cantell and collaborators in 
Finland. Because of some methodologic differences 
in extraction, the final product may contain a dif- 
ferent mixture of active substances. We are present- 
ly using this compound in all patients in whom dis- 
ease continues to be active and who have failed to 
respond to previous treatment protocols. 


The use of a biologic product in young organisms 
with a potential of a delayed sequela must be eval- 
uated with care. In newborn animals, IFN may be 
toxic, not only to the hepatic, but also to the renal 
parenchyma.” Thus far, it has been confirmed in 
human studies. 


Our data suggests the relatively impure prepara- 
tions of alpha-IFN can lead to regression of papil- 
loma. Our observations confirm that further studies 
and controlled trials in patients with laryngeal 
papillomas of a variety of clinical presentations are 
necessary. 
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CRICOTHYROIDOTOMY: THE IMPACT OF ANTECEDENT 
ENDOTRACHEAL INTUBATION 


ERNEST A. WEYMULLER, JR, MD 


CHARLES W. CUMMINGS, MD 


SEATTLE, WASHINGTON 


In light of the current debate regarding cricothyro:dotomy, we elected to study the procedure at our institution. Cricothyroidotomy 
was instituted whenever tracheotomy was necessary for airway management. After a fairly short period of time, some significant compli- 
cations of cricothyroidotomy were apparent and the study was aborted prior to achieving statistically significant results. The report 
reviews 15 consecutive cricothyroidotomies. Five (33% ) developed significant complications requiring surgical intervention. Of the five, 
two had life-threatening airway obstruction. The major underlying factor in patients who developed complications was prolonged intuba- 
tion prior to the institution of cricothyroidotomy. The study suggests that cricothyroidotomy should not be performed after prolonged in- 
tubation. The issue of primary cricothyroidotomy for short-term airway control remains unanswered. 


INTRODUCTION 


In 1976, Brantigan and Grow rekindled interest 
in cricothyroidotomy and initiated a debate marked 
by much emotional rhetoric.’ Their study of 655 pa- 
tients stands as the single largest accumulation of 
data on the subject of airway management. Their 
contention that cricothyroidotomy is an appropri- 
ate substitute for tracheotomy is resisted by tradi- 
tionalists in otolaryngology who favor tracheotomy 
largely due to the influence and teachings of Che- 
valier Jackson.”* Our study was initiated to at- 
tempt a further assessment of cricothyroidotomy 
with the intent of including careful laryngeal 
follow-up. 


MATERIAL AND METHODS 


Patients identified for the study were those who woulc have re- 
quired tracheotomy for airway management. The patierts fell in- 
to two major groups: 1) those intubated for prolonged periods and 
in need of further airway support, and 2) head and neck surgical 
cases without prior intubation who required cricothyreidotomy 
for airway management. 


Patients requiring the procedure were taken to the eperating 
room and, under sterile conditions, a standard cricothyreidotomy 
was accomplished and a No. 6 cuffed Shiley tracheotamy tube 
was inserted. Postoperative care included careful wound manage- 
ment using Betadine dressings and routine suctioning anc humidi- 
fication as normally applied to tracheotomy. None of the patients 
required mechanical ventilation for more than 24 hours. 


The patients were registered in a follow-up system end care- 
fully monitored by the authors. Each patient was followed after 
removal of the cricothyroidotomy tube (decannulatiom). When 
stridor or other airway symptoms developed, the patient was 
evaluated and treated with appropriate intervention. 


Each patient in this series has been examined at least two 
months subsequent to decannulation or completion of therapy for 
complications of the cricothyroidotomy. 


RESULTS 


The study was aborted prior to accumulating a 
large group because significant complications be- 
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came apparent in the patients who had prolonged 
intubation prior to cricothyroidotomy. 


The total number of patients was 19; 3 died be- 
fore removal of the cricothyroidotomy and were 
thus excluded, another patient disappeared one 
week after decannulation and is excluded. The 
study group consists of 15 patients, 10 of whom had 
prolonged intubation prior to cricothyroidotomy. 
In the group with prolonged endotracheal intuba- 
tion, the average endotracheal intubation time was 
14 days (range 11-21 days), and the average dura- 
tion of cricothyroidotomy was 50 days (range 
14-120 days). In the patients who had no antece- 
dent endotracheal intubation, the average duration 
of cricethyroidotomy was 24 days (one patient 90 
days, others 5-12 days). 


There were no complications in ten patients 
(67%). Five patients (33%) developed significant 
complieations. Two had progressive airway prob- 
lems subsequent to the removal of the cricothyroid- 
otomy. Each complication was relatively easy to 
manage with no permanent stenotic sequelae. All 
the complications occurred during the first month 
of decannulation. 


Of the five patients with complications, four had 
prolonged endotracheal intubation, the fifth had a 
cricothyroidotomy performed for airway control 
(nonemergent) during management of a submandi- 
bular gland abscess. 


The four patients with prolonged endotracheal 
intubation had anterior subglottic granulomata and 
fibrosis managed with endoscopic removal and ster- 
oid injection. The incidence of significant com- 
plications in this group was 4/10 (40%). 


The fifth complication developed in a patient 
whose cricothyroidotomy became contaminated 
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after drainage of a submandibular abscess. The 
same bacterial organisms grew from the wound and 
the sputum on the seventh postoperative day and 
the same organisms were identified in s.ibglottic 
granulation tissue one month later when stenosis 
was noted. The patient developed circumferential 
subglottic and tracheal edema. Successful therapy 
required four weeks of intravenous antibiotics. 
There was no vocal cord fixation and no irreversible 
stenosis as a complication of cricothyoidotomy in 
this series. 


DISCUSSION 


The detractors of elective cricothyroidotomy wax 
effusive but stumble over a lack of objective data. 
Two cases presented by Kennedy as complications 
of cricothyroidotomy have some limitations which 
must be mentioned.’ The first patient had penetrat- 
ing trauma of the neck and chest. The cricothyroid- 
otomy is not clearly the source of the laryngeal pa- 
thology (fixed left vocal cord and anterior glottic 
and subglottic stenosis). The second patiert had an 
endotracheal tube in place for four days after which 
she extubated herself with resultant airway obstruc- 
tion requiring a cricothyroidotomy. It is clear in 
this instance that laryngeal pathology existed prior 
to the establishment of cricothyroidotomy. Mitchell 
cautions his readers against cricothyroidotomy 
without any case reports.? Carden responds emo- 
tionally to the subject without any objective sub- 
stantiation.* Montagano and Passy mention seven 
cases of subglottic stenosis in a brief letter to the 
editor but fail to describe the cases and, therefore, 
leave much open to question.‘ 


The champions of cricothyroidotomy on the 
other hand provide us with much clinical informa- 
tion (cumulatively numbering close to 1,000 pa- 
tients)."°° Although their studies can be criticized 
for lack of patient follow-up, it is clear that the inci- 
dence of immediate and long-term complications of 
cricothyroidotomy in these authors’ hands is not- 
ably low. 


Experimental data from Nelson would suggest 
that cricothyroidotomy is unsafe.'° He performed 
standard cricothyroidotomy on 3 dogs and noted 
moderate stenosis in 2, minimal stenosis in 1. This 
was a higher incidence of stenosis than in tracheo- 
tomized dogs. More recent studies using a total of 72 
dogs have shown that cricothyroidotomy is safe in 
the experimental setting — even when some of the 
dogs had removal of cricoid mucosa at th2 time of 
cricothyroidotomy.'''? 


It is important to note that even among the sup- 
porters of cricothyroidotomy, there are limitations 
to the procedure. Most importantly because of occa- 
sional complications, the authors are recommend- 
ing that cricothyroidotomy is contraindicated sub- 
sequent to prolonged intubation." 


Although our series is limited in number, it seems 
appropriate to conclude that prolonged intubation 
is a contraindication to cricothyroidotomy. The 
presence of an endotracheal tube must be consid- 
ered a source of acute laryngeal inflammation and 
mucosal ulceration and, therefore, a predisposing 
factor to complications from cricothyroidotomy. 


It is interesting to note that even with a cricothy- 
roidotomy in place for as long as 120 days, the sub- 
sequent granulation tissue and fibrosis were rela- 
tively easily managed with microscopic removal 
and instillation of steroids. 


Two of the patients who developed complications 
did not give evidence of an airway problem until 
sometime after the removal of the cricothyroido- 
tomy. All patients gave clear evidence of their com- 
plication within the first month after decannulation 
and two of them had acute evolution of obstruction, 
requiring urgent tracheotomy for airway control. 


One patient from the series with complications 
was not examined by the authors after removal of 
her cricothyroidotomy. This patient had an urgent 
tracheotomy performed in another city after trans- 
fer from our hospital. The otolaryngologist who 
managed her subglottic stenosis reported that it 
responded readily to endoscopic dilitation and in- 
stillation of steroids. He has examined the patient 
and confirmed the return to a normal laryngeal sta- 
tus. 


One patient had a cricothyroidotomy performed 
in the face of a rather severe upper airway infec- 
tion, albeit nonlaryngeal. It would appear that this 
cricothyroidotomy was contaminated by the drain- 
ing abscess and this would suggest the relative con- 
traindication of cricothyroidotomy in the face of 
proximate soft tissue infection. 


CONCLUSION 


1. This series demonstrates the high probability 
of complication (40%) from cricothyroidotomy in 
the face of previous endotracheal intubation. It is 
the conclusion of the authors that prolonged intuba- 
tion is a contraindication to routine cricothyroido- 
tomy. 


2. The few patients who had cricothyroidotomy 
without prolonged intubation had a totally benign 
course, but are too few in number to justify any 
conclusion. 


3. The data in support of cricothyroidotomy as an 
elective procedure without antecedent intubation 
seem quite reasonable and the authors support the 
ongoing clinical research efforts to clarify the exact . 
complication rate of primary cricothyroidotomy. 
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NERVE-MUSCLE PEDICLE REINNERVATION OF THE LARYNX: 
AVOIDING PITFALLS AND COMPLICATIONS 


HARVEY M. TUCKER, MD 


CLEVELAND, OHIO 


The procedure for reinnervation of bilateral 
vocal cord paralysis using nerve-muscle pedicle 
technique has now been well established in tke liter- 
ature.™? Success with this technique has been re- 
ported from several centers.*-° Nevertheless. capa- 
ble surgeons have informed the author of difficulty 
in achieving satisfactory results. This report is in- 
tended to address those aspects of patient evalua- 
tion, surgical technique and postoperative follow- 
up that have brought us success with the procedure 
and which may help to avoid complications or fail- 
ure if adhered to closely. 


PREOPERATIVE EVALUATION 
AND PATIENT SELECTION 


Proper selection of patients and preoperative 
evaluation are the cornerstones of success in nerve- 
muscle pedicle reinnervation. In general, the pro- 
cedure may be considered for any patient with un- 
recovered bilateral vocal cord paralysis which 
either has existed for one year from onset or in cases 
wherein it is known beyond any doubt that there 
can be no hope of recovery of either of the two re- 
current nerves. The majority of patients that meet 
these criteria have suffered bilateral paralysis as the 
result of neck surgery, usually for carcinoma of the 
thyroid or other thyroid lesions.’ 


Analysis of over 200 cases of bilateral vocal cord 
paralysis that had existed for at least one year’ 
shows that fully one third of the patients exhibited 
fixation or at least severe limitation of motion of one 
or both of the cricoarytenoid joints in addi-ion to 
the recurrent nerve paralysis. Since it would be 


pointless to attempt to reinnervate a bilaterally par- 
alyzed larynx which also exhibits significant fixa- 
tion, it is imperative that patients be evaluated pre- 
operatively to determine if the arytenoids are pas- 
sively mobile. This should be accomplished under 
general anesthesia with paralysis either after perfor- 
mance of a tracheotomy or without intubation and 
by mask anesthesia only. With a hand-held anterior 
commissure laryngoscope in place and taking great 
care to position the laryngoscope so that it does not 
in any way affect or restrict movement of the vocal 
cords, a spatula or suction tip is introduced between 
the vocal cords to palpate them. It is important that 
the palpating instrument be placed as far posterior 
in the larynx as possible so that the body of the ary- 
tenoid will be displaced rather than the tip of the 
vocal process or the membranous vocal cord itself 
(Fig. 1). Anormally mobile vocal cord will be easily 
displaced from its opposite neighbor and will pro- 
duce a significant increase in the posterior glottic 
chink. If the arytenoid is ankylosed, it may be possi- 
ble to displace it from its resting position, but in so 
doing the opposite arytenoid will be dragged along 
with it and there will be no significant increase in 
the posterior glottic chink (Fig. 2). On the other 
hand, if the palpating instrument is placed too far 
forward either on the vocal process or on the mem- 
branous cord itself, the observer can be easily mis- 
led, since the membranous vocal cord and vocal 
process can often be displaced even when the body 
of the arytenoid is fixed (Fig. 3). If the palpating in- 
strument is placed too deeply into the larynx, it may 
impinge upon the cricoid itself and thus give a false 
impression of fixation of the arytenoid when in fact 
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Fig. 1. A) Placement of palpating suction tip in posterior 

lottic chink. B) Note that lateral pressure is applied to 
ko of arytenoid posterior to tip of vocal process, widen- 
ing posterior glottic chink in mobile larynx. 


the joint is normally mobile. 


Another factor to be considered in preoperative 
evaluation is that there must be no uncorrectable 
restriction of the airway other than the vocal cord 
paralysis itself. Clearly, if there is subglottie stenosis 
or other significant narrowing of the airway below 
the vocal cords, correction of the vocal cord paral- 
ysis will still not allow decannulation. As a general 
rule, such mechanical stenoses should be corrected 
before any attempt is made at reinnervation. 


Another possible pitfall lies in the etiology of the 
paralysis. Only a 40-50% success rate has been 
achieved in reinnervating patients whose paralysis 
is the result of central nervous system problems such 
as Guillain-Barré syndrome or bulbar poliomyelitis. 
Any general neurologic disease process that might 
produce paralysis of the recurrent nerves also may 
interfere with the activity of the ansa hypoglossi 
which is necessary to reinnervation. Degeneration 
of the laryngeal muscles themselves, er direct 
damage to the nerves from surgery or radiation may 
interfere with development of the necessary nerve- 
muscle pedicle and thus prevent successful reinner- 
vation. 


SURGICAL TECHNIQUE 


The details of surgical technique for nerve- 
muscle pedicle reinnervation have been described in 
several previous communications.'* Discussions 
with several surgeons who have attempted the pro- 
cedure indicate that the two major areas of poten- 
tial technical difficulty are related to design of the 
pedicle and to proper identification of the posterior 
cricoarytenoid muscle. The pedicle is designed by 
identifying the branch of the ansa hypoglessi to the 
anterior belly of the omohyoid muscle. It is not 
essential that this particular branch be used simce 
any of the strap muscles are suitable, but this nerve 
is fairly constant, is easily located in the surgical 
field, and is almost always of sufficient length and 
size to allow design of a good pedicle. The nerve is 
traced to the anterior belly of the omohyoid and the 
pedicle is designed about the actual point of entry of 
the nerve into the muscle. The nerve will often 
travel for 2-3 mm between muscle bundles before it 
actually arborizes into its terminal fibers (Fig. 4). It 





Fig. 2. Fixed arytenoid may still appear to be displaced by 
suction tip (right arrow). Arytenoid moves laterally, but 
opposite arytenoid is carried along with it (left arrow). 


is essential, therefore, to gently separate these mus- 
cle fibers to observe the point of entry so that when 
the pedicle is designed, most of the terminal fibers 
and their subtended motor end-plates will be in- 
cluded. On the other hand, the pedicle should not 
be larger than 2 or 3 mm on a side. This small pedi- 
cle is quite adequate to include at least 80% of the 
subtended motor end-plates, provided it is placed at 
the very end of the nerve. More important, it avoids 
the possibility of excessive fibrosis that might occur 
if a larger pedicle were employed. Although it is 
true that free grafts of muscle measuring as much as 
2 cm on a side can be readily transplanted and will 
survive, there will be significant loss of bulk and 
fibrous tissue replacement at the periphery of the 
graft if such a large piece of muscle is transposed. 
Since one of the mechanisms whereby nerve-muscle 
pedicle reinnervation occurs involves neurotization 
of the recipient muscle by invading nerve buds from 
the pedicle muscle, it is obviously important that 
fibrosis between the muscles should be minimized. 
Since the vasa nervora which are preserved in de- 
signing the pedicle will support the nerve but not 
the muscle, it is clear that the smaller the block of 
muscle used that will be adequate for preservation 
of a sufficient number of motor end-plates, the bet- 
ter. Excessively precise dissection of the soft tissue 
surrounding the nerve itself should be avoided. 
Since the vasa nervora are essential to the survival 
of the nerve, it is just as well to leave a fair amount 
of fat or areolar tissue intact on the surface of the 
nerve during its dissection to prevent unnecessary 
injury to these tiny vessels. 


The other major potential area for error in the 
performance of nerve-muscle pedicle reinnervation 
is related to identification of the posterior cricoary- 
tenoid muscle. After the pedicle has been prepared 
and laid aside, the lateral border of the thyroid car- 
tilage is palpated and the retropharyngeal space is 
entered and is opened widely from the tip of the 
greater cornu of the thyroid cartilage to a point 
below the cricoid cartilage. If possible, the pal- 
pating finger should traverse this space and feel the 
posterior edge of the thyroid ala on the opposite 
side. This is relatively easy to do in children, young 
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Fig. 3. Apparent displacement of arytenoid. Suction tip 
has been placed anterior to vocal process and therefore on- 
ly membranous cord is being displaced. 


people and patients who are fairly thin. The larynx 
can then be rotated almost 180°, which pres=nts the 
posterolateral aspect of the cricoid and thyroid car- 
tilages to the operator and fixes the larynx in posi- 
tion. The inferior cornu of the thyroid cartilage is 
then palpated and the approach through the infer- 
ior constrictor muscle is begun at a point 2 cr 3 mm 
above the inferior cornu. Dissection is kept as close 
to the posterior edge of the thyroid cartilag2 as the 
anatomy will permit. The fascia is gently dissected 
free and the direction of the fibers of the inferior 
constrictor is noted. They travel from posterosupe- 
rior to anteroinferior. The fibers are separated 
along their long axes at the chosen point and widely 
retracted. In many patients, the inferior constrictor 
muscle is divided into two leaflets, an external one 
which inserts along the posterior edge and outer 
border of the thyroid cartilage and an internal one 
which inserts along the inner surface of the thyroid 
ala (Fig. 5). There will often be a plane of loose 
areolar tissue between these two leaflets. Therefore, 
having passed through what appears to be thz entire 
inferior constrictor muscle and encountering such a 
fascial plane, it is easy to be misled into thinking 
that the next layer of muscle is the posterior cri- 
coarytenoid muscle when it is actually the internal 
leaflet of the inferior constrictor muscle. It is impor- 
tant to note that the direction of the fibers of the 
posterior cricoarytenoid muscle is at right angles to 
those of the inferior constrictor. In most cases, hav- 
ing traversed both leaflets of the inferior constric- 
tor, the reflection of the pyriform sinus mucosa will 
be encountered and this structure must be bluntly 
displaced from inferior to superior. In the majority 
of patients, an easily identifiable muscle structure 
will be encountered next, the fibers of whizh pass 
from posteroinferior to anterosuperior or et right 
angles to those of the inferior constrictor. This is the 
posterior cricoarytenoid muscle. If there remains 
any question as to its identity, the operafor can 
simply pass through the muscle and will encounter 
the posterior aspect of the cricoid cartilage. When 
this has been done, if the operator “backs out” one 
muscle layer, he will have identified the posterior 
cricoarytenoid muscle. In the occasional patient, 
this muscle (although still present and capable of re- 





Fig. 4. Design of nerve-musele pedicle. A) Apparent point 

of entry; B) actual point of entry. It is important to note 

point of aborization and entry of nerve into muscle by 

rie adjacent muscle bundles. (Reprinted with penile 
ns: 


innervation) will have undergone sufficient wasting 
that it will be a fairly thin layer. If there is any 
question, a biopsy can be obtained to demonstrate 
that it represents striated muscle. Once the muscle 
has been identified, the nerve-muscle pedicle is 
sutured to it with one or two sutures of 5-0 nylon. 
These sutures are first placed through the muscle of 
the posterior cricoarytenoid and then carried 
through the muscle in the pedicle. It is only 
necessary to make contact between the raw surface 
of the transposed muscle block and the outer surface 
of the posterior cricoarytenoid muscle. The muscles 
of-the larynx in this area have little or no fascia and 
in the process of dissecting the reflection of the 
pyriform sinus off the posterior cricoarytenoid mus- 
cle, the surface will be sufficiently denuded to allow 
good physiologic contact. 


In some of the cases where the reinnervation pro- 
cedure has failed, we have operated through the 
same incision in an effort to perform an aryte- 
noidectomy and, in the process, have been able to 
inspect the nerve-muscle pedicle to try to determine 
reasons for failure. Lack of survival of the nerve- 
muscle pedicle and/or displacement of the pedicle 
from the recipient bed have been encountered only 
once, thus suggesting that these findings are not fre- 
quent reasons for failure. 
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) 
cricoarytenoideus. Horizontal section of larynx at point of 
entry. and internal leaflets of inferior constrictor 
muscle are visible as they insert on free edge of thyroid ala. 
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POSTOPERATIVE MANAGEMENT 
AND EVALUATION 


There are three possible results of a properly done 
reinnervation procedure in a correctly chosen can- 
didate: 1) there can be obvious improvement in the 
patient’s airway and exercise capability without 
benefit of tracheotomy, accompanied by visible mo- 
tion of the vocal cord during inspiratory effort; 2) 
there may be obvious improvement in the patient's 
airway and exercise capability without apparent 
movement of the vocal cord on inspiratory effort; 
and 3) there may be no appreciable improvement in 
the airway. 


In the first situation, the success of the procedure 
is obvious and little need be said. These results will 
be obtained in approximately 40% of properly se- 
lected patients. In the third situation, postoperative 
evaluation is also fairly straightforward. If there is 
no visible motion in the cord, even with stress, and 
if the patient’s airway with the tracheotomy tube 
oecluded remains clinically inadequate six months 
after attempted reinnervation, the operation has 
failed and further improvement is not to be ex- 
pected. Such a patient can be left with the tracheot- 
omy tube as a more or less permanent solution to the 
bilateral cord paralysis problem or some type of 
vocal cord lateralization can be undertaken. In our 
current experience in over 200 cases, 20% of all pa- 
tients subjected to reinnervation will have no im- 
provement. 


In the remaining 40 % , the patient will have defi- 
nite clinical improvement in airway and exercise 
capability with the tracheotomy tube occluded but 
there will be little or no visible motion of the vocal 
cord, even with inspiratory effort. These patients 
should be stressed by running in place with the tube 
occluded until they are panting and then observed 
again. In most of them, the reinnervated vocal cord 
will now be noted to have appropriate abduction 
with inspiratory effort (although not necessarily 
with each inspiratory effort) or there will be tonic 
abduction of the vocal cord. This phenomenon can 
be explained as follows. In many patients with bi- 
lateral vocal cord paralysis, the resting airway is at 
least adequate for resting ventilatory needs and 
even perhaps for a small amount of exertion. Since 
the nerve used to reinnervate abductor function of 
the vocal cord is derived from an accessory muscle 
of respiration which becomes highly active only 
under increased respiratory demand, there would 
be little or no motion expected unless the patient 
was stressed. In some patients there will be tonic 


contraction of the vocal cord because the strap mus- 
cles may increase activity under stress in either 
rhythmic or tonic fashion when respiratory effort is 
increased and thus the type of movement produced 
in the reinnervated cord will depend on which is 
true in the patient in question. The tonic type of 
contraction can be very subtle and it requires exper- 
ience to really observe the increase in the cross-sec- 
tional area of the airway. This may amount to only 
2 or 3 mm improvement at the posterior glottic 
chink over the resting state, but for many patients 
this is more than adequate. For this reason, the 
single most important factor in assessing whether or 
not a patient should be extubated after reinnerva- 
tion is his ability to tolerate corking of the tracheot- 
omy tube and still have satisfactory exertional capa- 
bility. We have examined at least four patients who 
had successful reinnervation surgery by others, but 
the surgeon had been reluctant to remove the tube 
because of lack of apparent movement of the cord. 
In each of these cases, the patient reported definite 
improvement in exertional capability with the tra- 
cheotomy tube corked. In several of them it was 
possible to demonstrate subtle but definite laterali- 
zation of the reinnervated cord with appropriate ex- 
ertional testing. All four of these patients were extu- 
bated and remained long-term successes. 


In some patients a small improvement may be 
achieved by reinnervation surgery which perhaps is 
not sufficient for an optimal result. In such cases, if 
the opposite arytenoid was passively mobile and re- 
mained so, we have been able to perform reinnerva- 
tion on the second side and achieve enough addi- 
tional improvement that the patients could then be 
extubated with ability to exert themselves and with 
safety of the airway. 


CONCLUSIONS 


Nerve-muscle pedicle reinnervation for rehabili- 
tation of bilateral vocal cord paralysis has been de- 
scribed in the literature and has been successful in 
the hands of its originator as well as in those of 
several other authors. Inability to reproduce these 
results may be related to pitfalls in at least three 
aspects of management of these patients, including 
preoperative assessment and selection of patients, 
design of the nerve-muscle pedicle, proper identifi- 
cation of the posterior cricoarytenoid muscle and 
postoperative evaluation. With further explanation 
and attention to these aspects of reinnervation sur- 
gery, we hope that other otolaryngologists will find 
that the procedure can be useful in their own prac- 
tices. 
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INTERNATIONAL PIETRO CALICETI PRIZE 


The International Pietro Caliceti Prize has been announced by the University of Bologna. This prize honors the memory of Professor 
Pietro Caliceti, former distinguished Professor of Clinical Otorhinolaryngology at Bologna University. The prize will be awarded to an 
Italian or foreign graduate in medicine and surgery, who during a four-year time span (November 1, 1976 to October 31, 1980) published a 
scientific work of unquestionable value and of recognized originality in the field of otor inolaryngology. The prize consists of a gold medal, 
a cash prize of 3,000,000 Italian lire, and a diploma witnessing receipt of the prize. On or before December 31, 1982, interested individuals 
should send an application, a curriculum vitae, and six copies of the scientific work to the Secretary of the University of Bologna. For fur- 
ther information contact Il Rettore Prof. Carlo Rizzoli, the University of Bologna, Bologna, Italy. 
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SURGERY OF THE INFERIOR NASAL TURBINATES 


WILLIAM H. SAUNDERS, MD 


COLUMBUS, OHIO 


The inferior turbinates are responsible for nasal ebstruction more often than commonly thought. When there is no other obvious cause 
for nasal obstruction, and when allergic disorder or other medical condition is not responsible, attention should be given to treatment of the 
inferior turbinates in many instances of nasal obstruction. Such treatment is usually surgical and may consist of submucous resection of the 
turbinate bone or excision of redundant hyperplastic turbimate tissue, or a combination of the two. Other treatments consist of elec- 
trocautery or cryotherapy. Injection of corticosteroids have produced blindness through embolism and, in general, this treatment is 
discouraged. The paper discusses in some detail which patients are best suited for submucous resection and which for excision of soft tissue. 


Techniques, which are simple, are also described. 


Chronic nasal obstruction is one of the com- 
monest complaints made by patients to their otolar- 
yngologist. I look forward to seeing these patients 
with nasal obstruction, since there is virtually 
always something that can be done to improve their 
condition. Also, these patients, properly treated, 
tend to be grateful. 


There are, of course, many causes of nasal ob- 
struction. Some are medical causes, such as overuse 
of nosedrops producing rhinitis medicamentosa, 
and use of the rauwolfia drugs. An occasional pa- 
tient has nasal obstruction because of overt hypo- 
thyroidism and others because of allergic condi- 
tions. All of these causes must be considered in the 
diagnosis and treated if possible. In this paper we 
assume none of these conditions to be present. 


Surgically correctable conditions causing nasal 
obstruction include the deviated nasal septum, nas- 
al polyposis, benign and malignant tumors, foreign 
bodies, and other conditions. One of the most com- 
mon is disease or structural abnormality of the in- 
ferior turbinate. Often two or more causes of nasal 
obstruction exist together and should be treated 
simultaneously, but for the purpose of this paper we 
will consider only disorders of the inferior turbinate 
and make incidental references to other conditions. 


INTRANASAL EXAMINATION 


The first step is to establish an accurate diagnosis. 
To examine the intranasal chamber properly a sys- 
tem of bright lighting is needed. The head mirror 
reflecting light from a 150-W clear or bulls-eye bulb 
is the time-honored method because this permits an 
accurate focusing of light in the posterior aspects of 
the nose. I have found that the Zeiss operating mi- 
croscope fitted with a straight head and a 250-mm 
objective lens offers brilliant illumination, magni- 
fication, and binocular vision. Proficiency in this 
technique is easy to acquire. 


Also let me state in passing that while modern 
nasopharyngoscopes, such as the Machida and 
Olympus, are useful for special examination, they 
are not the primary tool for intranasal or postnasal 
examination. 


Whenever the patient has nasal obstruction as a 
chief complaint, the intranasal examination should 
include the use of a vasoconstrictor, but not until 
after the nose has been inspected without the vaso- 
constrictor. I generally use 3% ephedrine applied 
on cotton pledgets, although other drugs will do. I 
do not use topical adrenalin because it produces too 
intense an effect. Occasionally I use small doses of 
topical anesthesia, such as Cetacaine spray (con- 
tains 2% tetracaine) to facilitate the examination. 


An adequate examination must include a careful 
look at the postnasal space. Sometimes gagging or 
an inadequate space between the soft palate and 
posterior pharyngeal wall discourages observation. 
One must persist, however, since failure to see 
clearly in the epipharynx is one of the major pitfalls 
associated with accurate diagnosis. In my opinion 
the best method of examination is with the number 
zero nasopharyngeal mirror. Occasionally a palate 
retractor is needed. Also Valium, 10 mg intraven- 
ously, is useful to reduce gagging. 


INFERIOR TURBINATE 


Normally (Fig. 1A) the inferior turbinate does 
not obstruct breathing except occasionally when the 
patient is reclining. Then as blood and tissue fluids 
pool in the head he may find that one or the other 
side of his nose is blocked. By turning over in bed, 
the dependent, obstructive side becomes uppermost 
and the obstruction is relieved. Such alternating 
enlargement and diminishing of the soft tissue of the 
turbinates occurs several times daily regardless of 
posture, but usually does not cause symptoms. In 
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Fig. 1. Bone of inferior turbinate. A) Normal alignment. 
B) Bone approximates septum; small inferior meatus. C) 
Bone approximates septum; substantial inferior meatus. 


short, the normal inferior turbinate should warm 
and moisten the air without producing symptoms. 


Symptoms other than nasal obstruction such as 
headpain and postnasal discharge are not likely to 
be caused by deformity or disease of the turbinates 
and the patient should understand clearly, preoper- 
atively, that the only symptom the surgeon is trying 
to relieve is nasal obstruction. Otherwise the opera- 
tion, at least in the mind of the patient, fails before 
it starts. 


There are, in general, three ways in which the in- 
ferior turbinate produces nasal obstruction. First, 
an undue prominence of the bony structure of the 
turbinate may cause it to touch or approximate the 
nasal septum (Fig. 1B). In this case application of 
vasoconstrictors reduces the size of the turbinate 
only minimally. When one palpates the turbinate it 
is apparent that the enlargement is bony and that 
the obstruction is not merely due to soft tissue 
engorgement or hyperplasia. 


Treatment in this case consists of submucous re- 
section of all or part of the turbinate bone so that 
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the obstructive turbinate is reduced and no longer 
touches or nearly touches the nasal septum. This is 
best accomplished with the patient under local an- 
esthesia. An incision is made down to the bone of 
the turbinate along most of its medial length. Then 
the soft tissue is elevated upward and downward 
and a substantial amount of bone exposed and 
removed. A chisel may be needed to fracture the 
bone, but often pieces can be broken off using a 
hemostat or submucous elevator. Gauze packing 
(preferably impregnated with Terramycin oint- 
ment) is applied and left in place at least 48 hours to 
prevent bleeding. The only complication of this 
procedure is postoperative hemorrhage, which is 
seen chiefly when packing is removed too soon. To 
be safe, I leave packs in place three to four days and 
remove them on an outpatient basis. 


Sometimes it is worthwhile to crush an inferior 
turbinate laterally (toward the inferior meatus) 
when it is the bone of the turbinate that causes 
obstruction and not soft tissue. This procedure 
works best if the turbinate is first displaced toward 
the nasal septum and then pressed laterally. Even 
so, in most instances this procedure is not entirely 
effective since the fracture produced tends to be of 
the greenstick variety and later the turbinate tends 
to return to its original position. Lateral displace- 
ment works best in cases where there is a large in- 
ferior meatus to receive the newly displaced tur- 


binate (Fig. 1C). 


Second, there are patients with redundant 
hyperplastic turbinate mucosa (Fig. 2A). Their 
nasal obstruction may be severe unilaterally or 
bilaterally. The bony turbinate may or may not be 
enlarged, but certainly the soft tissue of the tur- 
binates is excessive. Shrinkage with vasoconstrictors 
is incomplete and palpating the redundant lower 
and medial surfaces of the turbinate shows it to be 
flaccid and polypoid (Fig. 2B). The treatment here 


3 Turbinate 
Soft 
Tissue 






Fig. 2. A) Hyperplastic soft tissue of inferior turbinate with other relationships normal. B) Typical redundant, hyperplastic tur- 
binate mucosa. This excision represents less than half of the entire turbinate tissue. C) Hyperplastic posterior tip of inferior tur- 


binate. 
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(we assume no allergic condition) is to excise gen- 
erously the redundant tissue with scissors. In addi- 
tion, submucous resection of the bone may be re- 
quired. In my opinion at least half of the soft tissue 
of the hyperplastic turbinate can be excised without 
danger of producing atrophic rhinitis. 


Sometimes likened to a mulberry, the hyperplas- 
tic posterior end of the inferior turbinate may be so 
large as to fill one choana completely (Fig. 2C). The 
time to assess appearance of the posterior tip of the 
turbinate is preoperatively in the office using the 
postnasal mirror — not at the time of surgery. A 
snare passed around the posterior tip will cut it off, 
but there usually is need for additional work on the 
turbinate anteriorly. Even if only the posterior tip is 
snared away, be sure to pack the nose for three to 
four days or postoperative bleeding may be profuse. 


Third, turbinates are often enlarged because of 
vasomotor changes. They seem simply engorged, 
and the mucosa is not particularly redundant or 
polypoid and the turbinate bone is not prominent. 
Vasoconstrictors should produce shrinkage. Again, 
it is assumed that there are no allergies identified. 


Treatment may be with electrocautery by strip- 


ing the surface of the turbinate with the blade of the 
cautery instrument or inserting an electrode sub- 
mucosally. In any case the result is tissue destruc- 
tion and scarring so that there comes to be a reduc- 
tion in the size of the turbinate. The treatment may 
have to be repeated. Local injectable anesthesia is 
adequate and the procedure may be done on an out- 
patient basis. Also, in patients of this type there is 
no reason that submucous resection of the turbinate 
should not be effective, and, as a matter of fact, I 
prefer it to cautery. Formerly, some doctors in- 
jected sclerosing solutions into the inferior turbinate 
to cause shrinkage, but now that there are reports of 
blindness from similar injections with steroids such 
injections are no longer done by most doctors. 


MIDDLE TURBINATE 


The middle turbinate also may contribute to 
nasal obstruction. When it does it is apt to be be- 
cause of an ethmoidal air cell that dilates the tur- 
binate. Also I have seen examples of mucoceles of 
the middle turbinate. In either case the treatment is 
easy: simply incise into the thin, shell-like structure 
and either crush it with a hemostat or other forceps, 
or resect some portion of the bone. 
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CORRECTION OF POSTERIOR GLOTTIC INCOMPETENCE 
FOLLOWING HORIZONTAL PARTIAL LARYNGECTOMY 


AUGH F. BILLER, MD 


WILLIAM LAWSON, MD, DDS 


STEVEN SACKS, MD 


New Yorx, New YORK 


Posterior glottic insufficiency following horizontal >artial laryngectomy results in persistent aspiration. A new method of correction of 
this occurrence is described. The procedure is an extraleryngeal approach. A tracheotomy is not required. The procedure was successful in 


4 of 6 patients. 


Closure of the glottis on deglutition is essential 
for rehabilitation following horizontal paral lar- 
yngectomy or partial laryngopharyngectomy. Fail- 
ure to achieve glottic closure in these cases is 
associated with chronic aspiration and recu-rent or 
persistent pneumonitis. At the time of resection 
every effort is made to ensure adequate gloctic clo- 
sure postoperatively. Glottic insufficiency usually 
results from one of the following: 1) partial or total 
arytenoid removal; 2) partial resection of the true 
cord to obtain a tumor-free inferior margin; or 3) 
inadvertent injury of the recurrent laryngeel nerve 
during cricopharyngeal myotomy. 


The first circumstance is the most common cause. 
Partial arytenoid resection with exposure of the re- 
sidual cartilage frequently leads to arytenoid fixa- 
tion in the abducted position. In these cases cover- 
age of the exposed cartilage with a mucosal flap 
may avoid chondritis and, ultimately, fixation. Re- 
section of the superior aspect of the arytenoid to the 
level of the vocal process will lead to fixetion in 
most cases, even though mucosal coverage is per- 
formed. In these cases, even if the arytenoic moves 
when the anesthesia is lightened, the vocal cord 
should be fixed in the midline. This fixation is ac- 
complished with a nonabsorbable submucosal 
suture extending from the vocal process to the 
perichondrium of the cricoid cartilage. This suture, 
when tightened, rotates the arytenoid internally, 
resulting in a vocal cord fixed in the midline. How- 
ever, the defect created following complete aryte- 
noid resection cannot be corrected by simply sutur- 
ing the vocal process to the cricoid. Any attempt to 
do so will result in a defect in the posterior glottis 
postoperatively. In these cases, a free or p2dicled 
cartilage graft is shaped to conform to the defect 
and is wired to the cricoid. The cut margin of the 
vocal process is then anchored, in the midline, to 
this piece of cartilage with a nonabsorbable suture. 
The entire reconstruction is now covered by a mu- 
cosal flap from the medial wall of the pyriform si- 
nus. 
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Despite immediate reconstruction at the time of 
resection, a small number of patients will aspirate 
postoperatively because of incomplete glottic clo- 
sure posteriorly. This failure may result from scar- 
ring, resorption of the cartilagé graft, or inadequate 
reconstruction at the time of surgery. 


This presentation introduces a technique for cor- 
rection of postoperative posterior glottic deficiency. 
The diagnosis of postoperative posterior glottic in- 
competence is determined by indirect laryngoscopy 
in the patient with persistent aspiration. This cir- 
cumstance is frequently, but not always, accom- 
panied by a breathy voice. Indirect laryngoscopy 
confirms the diagnosis and also determines whether 
the defect is anterior in the membranous cord, or 
posterior at the arytenoid location. This determin- 
ation is important for each area requires a different 
type of correction. Correction of deficiencies anter- 
iorly along the membranous portion of the vocal 
cord has been adequately covered in previous pa- 
pers™* and will not be considered here. 


TECHNIQUE AND MATERIALS 


The approach entails an extralaryngeal exposure similar to the 
arytenoidectomy procedure as described by Woodman.’ The op- 
eration is performed under general anesthesia utilizing endotra- 
cheal intubation with a 6.5 mm tube. If a neck dissection has been 
performed, a vertical incision is used so as to avoid exposure of the 
carotid. If a neck dissection has not been performed a horizontal 
incision (Fig. 1A-b) is made in the anterolateral neck. The re- 
maining portion of the posterior border of the thyroid ala is iden- 
tified. The attachment of the inferior constrictor muscle to the 
posterior border is divided. The cricothyroid articulation is 
separated and the posterior border of the thyroid cartilage is 
retracted anteriorly with a hook. The pyrlform sinus mucosa is 
reflected superiorly and the posterior aspect of the cricoid car- 
tilage is identified. A subperichondrial dissection is performed, if 
possible, exposing the posterlor-superior cricoid border (Fig. 1B). 
The mucosa is elevated from the superior aspect of the cricoid 
laterally and to the midline. A piece of cartilage or bone is ob- 
tained, tailored and wired on to the cricoid at the arytenoid area 
(Fig. 1C). If a tear in the mucosa occurs, it is sutured. Direct lar- 
yngoscopy is then performed to evaluate whether the defect is 
adequately corrected (Fig. 2). Additional cartilage may be placed 
if necessary. 
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Fig. 1. A) Skin incision. a - Anterior border of sternocleido- 
mastoid muscle; b - Horizontal incision in the anterolateral 
neck. B) Disarticulation of the cricothyroid articulation 
and subperichondrial dissection of arytenoid joint. C) In- 
sertion and fixation of graft. 


This procedure has been performed on six patients. The 
reconstructive effort occurred four months to two years following 
the initial extirpative surgery. Two of the six patients had partial 
laryngopharyngectomies performed for pyriform sinus cancers 
with complete excision of the arytenoid cartilage. Foar patients 
had supraglottic carcinomas resected with partial or complete 
arytenoid removal. All patients aspirated sufficiently to require 
gastrostomy or nasogastric tube feedings. Three of the six patients 
had prior injection of Teflon without improvement. 


RESULTS 


Surgery was considered successful following the 
extralaryngeal cartilage implants in 4 of the 6 pa- 
tients. These patients were able to feed orally with- 
out aspiration, gained weight, and had their naso- 
gastric or gastrostomy tubes removed. These four 
patients have been followed for a minimum of 18 
months. There has been no evidence of recurrence 
of the defect or aspiration. 


One of the two patients who failed was noted to 
have extensive granuloma formation at the time of 
surgery, presumably secondary to the extravasation 
of Teflon. In this patient the anatomy was distorted 








Fig. 2. A) Posterior defect and B) corrected. 


and though a graft was inserted, minimal correc- 
tion of the defect was obtained. The other failure 
had a graft which was small and only partially cor- 
rected the defect. 


DISCUSSION 


The correction of late posterior glottic deficiency 
has received limited attention in the literature. Tef- 
lon injection, although successful in correcting the 
lateralized vocal cord secondary to paralysis or min- 
imal scarring, is uniformly unsuccessful in the treat- 
ment of posterior glottic defects. The reason for this 
is that the dense adherence of the mucosa to the 
cricoid does not permit installation of this sub- 
stance. 


The only previous article addressing this problem 
is by Sessions et al.*? These authors advocated cor- 
rection of posterior defects by performing a thyro- 
tomy and then dissecting a pocket between the vo- 
cal cord and the thyroid cartilage. This pocket was 
elevated posteriorly to the cricoid, following which 
a piece of cartilage was inserted. In our experience, 
this anterior approach is unsatisfactory because the 
cartilage graft is not fixed in position and, there- 
fore, yields unpredictable results. A tracheotomy is 
also required. These deficiencies with correction 
through a thyrotomy led to the formulation of the 
present extralaryngeal approach. This extralaryn- 
geal approach provides excellent exposure, wide 
mucosal undermining, permanent fixation of the 
graft, accurate assessment of the correction by 
direct laryngoscopy at the time of surgery and elim- 
inates the requirement of a tracheotomy. 


One of the failures in this series probably was due 
to prior extravasation of Teflon. It is apparent from 
our experience that Teflon installation should not 
be attempted for these posterior defects but rather 
cartilage grafting performed by the procedure de- 
scribed. 
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TRACHEOSTOMAL STENOSIS FOLLOWING 
TOTAL LARYNGECTOMY 


EUGENE N. Myers, MD, FACS 


Louis J. GALLIA, DDS, MD 


PITTSBURGH, PENNSYLVANIA 


Stenosis of the tracheostoma after laryngectomy is an infrequent but often distressing postoperative complication. Recognition of 
possible predisposing factors will allow appropriate preventive measures in preoperative planning, surgical technique and postoperative 
care. We describe a surgical technique which can be utilized to correct tracheostomal stenosis or can be used at the time of initial stomal 
construction. Our method emphasizes mobilization of zhe tracheal stump, extensive excision of subcutaneous fat, excision of redundant skin 
and creation of a posterior-superior skin flap which is nterdigitated into a vertical posterior tracheal incision. Our method is compared to 


other techniques described in the literature. 


INTRODUCTION 


Stenosis of the tracheostoma after laryngectomy 
is an infrequent but often distressing postcperative 
complication. It may occur in the immediate post- 
operative period or years later. Stomal sterosis will 
compromise not only optimum air exchange but 
also the ability to clear tracheobronchial secretions. 
The tracheal lumen may be reduced 50% fn all di- 
ameters (resulting in a 75% reduction in luminal 
surface area) and a patient with normal lungs will 
maintain tolerance for normal exercise.‘ In a pa- 
tient with emphysema or a chronic productive 
cough, the same defect may produce respiratory in- 
sufficiency. Stomal stenosis acts as a-barrier to 
mucociliary transport resulting in a stagnation of 
mucus and a potential for recurrent pulmonary in- 
fection.' Severe stenosis, especially with the addi- 
tion of crusting, may result in asphyxia.” 


ETIOLOGICAL FACTORS 


Factors contributing to stomal stenosis? include: 
1. Radiation therapy 
2. Excessive scar tissue formation 
3. Wound dehiscence with healing by second- 
ary intension 
a. Skin tension 
b. Infection 
c. Steroid usage 
. Keloid formation 
. Defective or absent tracheal rings 
. Inadequate excision of peristomal skin and 
fat at initial stomal construction 
. Recurrent tumor 


~] Œ OT a 


PREVENTIVE MEASURES 


The ideal method of dealing with tracheostomal 
stenosis is prevention. Preventive measures -nclude 


ns 


careful preoperative planning, meticulous surgical 
technique and diligent postoperative care. 


Planning. Subglottic extension of a laryngeal car- 
cinoma will require resection of additional tracheal 
rings for adequate tumor clearance. In such cases, 
careful construction of the stoma, possibly with ap- 
propriate local flap design, will minimize tension- 
induced tracheocutaneous dehiscence and concen- 
tric scarring. There is a tendency for this dehiscence 
to occur in patients on chronic steroid administra- 
tion; such cases should be constructed virtually ten- 
sion-free. 


If preliminary tracheostomy is required a few 
days or more prior to laryngectomy one may expect 
an extensive local inflammatory response which 
may predispose to stomal stenosis. A tracheal ring 
defect due to chondritis may predispose to stomal 
collapse. 


In the grossly obese patient, the fat-laden peri- 
stomal tissues tend to bulge into the stoma resulting 
in a pseudostenosis. In the black patient, examina- 
tion of previous wounds including surgical incisions 
will provide clues as to the potential for stomal ke- 
loid formation. 


The stomal stenosis seen after radiation therapy 
presumably results from concentric scarring. 
flap transposition designed to enlarge the stoma and 
prevent formation of a circular scar may prevent 
the problem. 


Surgical Technique. The primary objectives in 
the surgical prevention of tracheostoma stenosis are 
careful approximation of skin and mucous mem- 
brane, elimination of extensive compressive forces, 
active tension on the stoma margins, increased cir- 
cumference, and redistribution of the forces of scar 
contraction. 
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The most common techniques? *-* to prevent sten- 
osis include 1) oblique section of the tracheal stump 
(to increase stomal diameter); 2) semicircular or cir- 
cular incision, to increase the circumferense of the 
skin margin to adapt to the tracheal stump (to 
achieve tension radially on the stoma); 3) complete 
coverage of the cut edge of the tracheal zartilage 
with through and through or vertical mattress su- 
tures. 


In the obese patient, excision of excess adipose 
tissue will minimize the external compressive force 
of the adipose tissue. 


Clairmont,‘ Jatho,’ Isshiki and Tanabe, * Trail et 
al,’ and Hartwell and Dykes”? described a variety of 
similar techniques employing Z-plasty, couble V 





Fig. 1. a) Excision of peristomal adipose 
tissue. b, c) Incision in membranous pos- 
terior wall of trachea. d, e) Creation and 
transposition of local skin flap into tra- 
cheal incision with completion of stomal 
skin closure. 


and \-Y flap design methods of primary tracheos- 
tomal construction at the time of laryngectomy in 
order to prevent stenosis by enlarging the stoma and 
redirecting the forces of scar contraction. 


Clairmont® created a “butterfly” or “bowtie” 
stome by excising inferiorly based wedge-shaped 
triangles from the anterior and posterior tracheal 
stump. Superior and inferior skin flaps, created by 
lateral skin excision, are inset into the apex of the 
tracheal defects. 


Trzil et al? use a method of double rotation flap 
Z-plasty utilizing the skin posterior to the stoma 
transposed into an oblique incision in the posterior 
membranous tracheal wall. A small flap of mucosa 
of posterior tracheal wall is then transposed into the 
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Fig. 2. Healed tracheal stoma in patient who hed total 
aryngectomy and radical neck dissection one year follow- 
ing full course “curative” radiation therapy. 


tumor site of the skin flap. 


Isshiki and Tanabe" utilize superiorly based dou- 
ble skin flaps, created by a Y-shaped cutaneous inci- 
sion, each of which is inserted into a separate 
oblique incision of the posterior tracheal wall. 


Jatho’ enlarges the stoma by a vertical anterior 
tracheal incision; edges created by this cut are 
pulled apart by permanent subcutaneous sutures 
which are affixed to the clavicle. 


Hartwell and Dykes” created a triangular poster- 
ior-superior skin flap by excising a wedge of skin on 
each side of this flap. The flap is advanced and inset 
into a vertical incision of the posterior trachea. This 
technique differs from the technique we describe 
only in that this is an advancement flap which may 
tend to be redundant, whereas ours is a transposi- 
tion flap. 


Mumma and Pressman" described implantation 
of a subcutaneous tantalum ring around the stoma 
to prevent stenosis. 


Postoperative care. Basic tenets of care which 
will minimize stomal stenosis include proper tube 
selection, meticulous local wound care and timely 
decannulation. 


Some feel that an oversized tube may produce 
stenosis by producing mucosal inflammation and 
de-epithelization with subsequent concentric scar- 
ring. Removal of pericannular crusts and secre- 
tions, along with application of antibacterial agents 
such as Betadine, should minimize bacterial con- 
tamination and infection. Prolonged cannulation 
and especially prolonged mechanical ventilation 


provide the same type of provocative stimulation as 
an oversized tube. The patient should be decan- 
nulated as soon as possible. 


MANAGEMENT OF TRACHEOSTOMAL STENOSIS 


Once tracheostomal stenosis has developed, it is 
best managed by surgical correction. The many va- 
rieties of surgical procedures designed to correct sto- 
mal stenosis imply that the ideal solution to this 
problem has not yet been found. 


An alternative nonsurgical technique of stenosis 
management involves dilation with progressively 
larger tracheostomy tubes and constant use of one 
of a variety of tracheostomy “buttons.” This is 
usually unsatisfactory as a permanent solution since 
removal of the button even for a few hours often re- 
sults in rapid restenosis. 


Montgomery? reports that the method of trache- 
ostoma repair will depend on the anatomical con- 
figuration of the stenosed stoma. He classifies the 
common types of stenosis as a) vertical slit, b) con- 
centric, and c) “inferior shelf” stenosis. He demon- 
strates separate procedures for the correction of ver- 
tical stenosis. These techniques will effect lateral 
pull on the stomal margins by straight advancement 
and Z-plasty flaps or enlargement of the stoma with 
a double V-Y flap design. 


For the correction of concentric stenosis, Mont- 
gomery recommends radial incisions made with an 
electrocautery knife followed by several weeks of 
cannulation with a large bore tracheostomy tube. 
He also presents a method of repair (the “donut” 
repair) where a 1 cm cuff of scar tissue is removed, 
the scarred edges undermined and the skin edges re- 
sutured to the tracheal margins. 


For the correction of both concentric and “in- 
ferior shelf” stenosis, Montgomery recommends ele- 
vation of an inverted V skin flap with resection of a 
section of anterior tracheal wall and part of the skin 
flap to enlarge the stoma and supply an inferior 
traction on the stoma. Advancement of the lateral 
marginal incision supposedly applies additional pull 
on the stoma. 


Converse’ describes a swastika-shaped incision 
around the stenosed stoma; the stenosed skin is ex- 
cised and the four created flaps are rotated, thus 
presumably creating a lateral tension to prevent re- 
currence. 


Maruyama et al” utilized a 5 flap reconstruction 
consisting of two Z-plasties combined with a Y-V 
advancement which break up the superior of the 
stenosis and increase the circumference of the sto- 
ma. 


TECHNIQUE 


In the patient who has stomal stenosis following total laryngec- 
tomy, the most common problem is that there is a band of scar 
tissue present which concentrically narrows the stoma. Usually 
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the caliber of the trachea is otherwise normal. The goal of this 
revision procedure is to excise this concentric scar and to prevent it 
from recurring. 


The revision operation may be done under local or general an- 
esthesia (Fig. 1). An incision is made around the periphery of the 
tracheostoma including the band of scar tissue. Clamps are ap- 
plied to the scar tissue band and the trachea pulled up into the 
wound. The trachea is skeletonized for 1-2 rings thereby mobiliz- 
ing the trachea for repositioning. The skin inferior to the tra- 
cheostoma is undermined for 2-3 cm, and the subcutaneous adi 
pose tissue is removed. The excess skin in this area shouid be ex- 
cised. The band of scar tissue is then excised from the tracheos- 
toma and utilizing interrupted 3-0 chromic catgut sutures, the 
skin is sutured to the tracheostoma with a meticulous technique 
making certain that skin overlaps the raw edges of the cartilage 
and is in contact with the tracheal mucosa. This suturing is car- 
ried out to a level of 3 and 9 o'clock on the tracheostoma. The skin 
of the neck surrounding the posterior wall of the trachea is then 
undermined. Adipose tissue and redundant skin are excised. The 
membranous posterior tracheal wall is then incised vertically ap- 
proximately 1 cm into the trachea itself. The suturing of the tra- 
chea to the skin inferior to the trachea is resumed. The circum- 
ference of the tracheostoma will now be considerably widened 
since the trachea has been split, thereby spreading open the 
tracheal lumen. A small incision is made in the redundant skin 
posterior to the trachea such that a small flap is developed. The 
flap is then transposed and sewn into the incision which has been 
made in the posterior wall of the trachea. The same 3-0 chromic 
suture material is utilized in this area. This breaks up the concen- 
tric circle of the tracheostoma thereby preventing the narrowing 
by scar tissue in the future. 


Our technique emphasizes mobilization of the tracheal stump, 
the extensive excision of subcutaneous fat, excision of redundant 
skin, and creation of a posterior-superior skin flap which is inter- 
digitated into a posterior tracheal vertical incision. The introduc- 
tion of this flap breaks up the concentric circle of scar and pre- 
vents future stenosis. This is probably the single most important 
feature of this technique. 


Our technique most closely resembles that of Hartwell amd 
Dykes’? in that a posterior-based skin flap is inserted into an inei- 
sion in the posterior tracheal wall. Our technique seems to differ 
in that we advocate extensive subcutaneous fat excision and trim- 
ming the peristomal skin back as far as is necessary to provide 
slight tension on the closure. We also advocate a small transposi- 
tion flap rather than an advancement flap. 


Clairmont,® Isshiki and Tanabe,’ Maruyama et al,” 
Converse,'? and Montgomery’ utilize the same principles of 


stomal enlargement and inhibition of circular scarring but are 
needlessly complex in design. We feel the simplest technique to 
accomplish the goal should be used. Our technique is adaptable to 
any type of stenosis, and the altering of the repair to the type of 
stenosis, as advocated by Montgomery, is probably unnecessary. 


Implantation of foreign bodies as reeommended by Mumma 
and Pressmam'' and Jatho’ may result in infection, inflammation 
and actually accentuate scar formation and stenosis. 


We have now begun to incorporate this exact same technique 
routinely in fashioning the tracheostoma in all patients under- 
going total laryngectomy (Fig. 2). We believe that this is of par- 
ticular importance to anticipate the potential for tracheostoma 
stenosis in patients who will receive postoperative radiation 
therapy partieularly involving the tracheostoma. 


DISCUSSION 


In patients in which the tracheostoma area has 
been radiated postoperatively, extreme caution 
should be taken and minimal undermining should 
be carried out. Our three patients who have had 
complications from this type of tracheostomal revi- 
sion all fall into this category. One patient had had 
several previous revision procedures. She lost con- 
siderable skin following our revision and resten- 
osed. Two other patients lost some peristomal skin 
following revision, but did heal by secondary inten- 
tion and fortunately did have correction of their 
tracheal stenosis. 


SUMMARY 


Stenosis of the tracheostoma after total laryngec- 
tomy is a distressing postoperative complication. 
Stomal stenosis can be prevented or minimized by 
careful preoperative planning, meticulous surgical 
technique and diligent postoperative care. Etiolog- 
ical factors, preventive measures, and a review of 
surgical corrective techniques have been described. 
The authors describe a technique which has pro- 
vided a satisfactory solution to tracheostomal 
stenosis im most cases. 
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PREDICTING ESOPHAGEAL SPEECH 
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ERWIN M. HEARNE III, PHD 


SAN ANTONIO, TEXAS 


Patients undergoing laryngectomy in the 1980s Fave a low rate of acquisition of esophageal speech. The interaction of the factors of 
postoperative physical performance status, preoperat-ve phonation duration, postoperative dysphagia, site of lesion, patient income, and 
postoperative radiation therapy correctly predict the acquisition of esophageal speech in 83% of cases and the failure to acquire esophageal 
speech in 96%. Such information may be helpful in selecting patients for alternative forms of postlaryngectomy speech rehabilitation. 


INTRODUCTION 


In spite of advances in diagnosis and therapy, 
about 7000 Americans lose their larynx to cancer 
every year. Most agree that the best method of post- 
laryngectomy rehabilitation for these patients is 
esophageal speech. In the past, the proportion of 
patients able to communicate effectively with 
esophageal speech was as high as 86% .' Subse- 
quently this number has fallen to between 64-69 %? 
and as low as 43% .* However, these reports’? were 
based on retrospective studies. Using prospectively 
obtained data, we have determined that currently 
26% of patients overall acquire esophageal speech 
and, if those who do not attempt to learn are ex- 
cluded, the determinate success rate is 34% .* 


The factors that influence esophageal speech are 
many and varied, but it appears to us that physical 
factors, ie, anatomical and physiologic, which af- 
fect esophageal speech acquisition directly. are the 
most difficult to overcome. In contrast, psychoso- 
cial factors, except for lack of motivation, are po- 
tentially susceptible to active intervention. Jn a pre- 
vious communication’ we identified and ciscussed 
individual factors that influence rehabilitetion. In 
this paper we further analyze our data baze to de- 
termine interactions among and combinations of 
multiple variables that might be useful to the phy- 
sician in predicting which patients would be likely 
to fail to acquire esophageal speech. Such informa- 
tion would be of value in the early selection of pa- 
tients for alternative methods of postlaryngectomy 
speech rehabilitation. 


METHODS AND MATERIALS 


The study records of 53 patients undergoing laryng=ctomy in 
the San Antonio area between 1975-1978 were analyzed. These 
records comprised all of the 103 patients with a clinical diagnosis 
of laryngeal cancer examined preoperatively during that time 
period who subsequently underwent laryngectomy. Of these, 47 
patients were available for re-evaluation six months following the 
completion of their cancer therapy. The details of those examin- 
ations have been reported previously.‘ 


The following variables were RAFI as possible 
“discriminators” between esophageal speakers and nonspeakers in 
these 47 patients. They were chosen on the basis of logic, trial and 
error, and review of our data. For the first trial of the discrimin- 
ant analysis, variables 1-6 were used. For the second trial all nine 
variables were used. These variables, along with brief definitions 
and their abbreviated symbol (in parentheses), are: 


l. Tumor stage (STGE): 1 = TINOMO, 2 = T2NOMO, 3 = 
T3NOMO, 4 - T3N1-3M0, 5 = T4NOMO, 6 = T4N1-3M0. 

2. Postoperative radiation therapy (RADI): 1 = yes, 2 = no. 

3. Physical status scale (PHYS): 5 = premorbid status, 1 = 
moribund. 

4. Difficulty in swallowing (SWAL): 1 = yes, 2 = no. 

5. Tumor site (SITE): 1 = glottic or supraglottic, 2 = pyriform 
sinus. 

6. Preoperative phonation duration (DURA): the time, in sec- 
onds, that a subject could say /a/ on a single breath. 

7. Education (ED): 1 = none, 2 = Ist-8th, 3 = 9th-12th, 4 = 
1-2 college, 5 = 34 college, 6 = MA. 

8. Number of homemates (HMATE). 

9. Patient income (INC). 


Of the 47 patients, eight nonspeakers were excluded from the 
first discriminant analysis because they were not able to parti- 
cipate in the preoperative phonation duration test (eg, because of 
a tracheostomy tube, or too ill) or because the data were missing. 
None of the eight subsequently acquired esophageal speech. For 
the second discriminant analysis one nonspeaker was excluded be- 
cause no income information was available. Therefore, 39 patient 
records were included in the first analysis, 12 esophageal speakers 
and 27 nonspeakers, and 38 patients records in the second, 12 
speakers and 26 nonspeakers. 


The discriminant analysis was performed using forward step- 
wise selection of the variables. This technique chooses the variable 
with the largest F-statistic value, as long as the F is greater than or 
equal to 1. Then, the rest of the variables are chosen in a stepwise 
fashion, and the procedure is stopped when a variable has an 
F-statistic value of less than 1. Only the selected variables are used 
in the discriminant function. 


RESULTS 


The mean values of each variable for each group 
of subjects are displayed in Table 1. The results of 
the stepwise procedures are presented in Table 2. 
Notice that the only variables not selected as 
“significant” discriminators were tumor stage, edu- 
cation and number of homemates. The following 


From the Diviston of Otorhinolaryngology, Department œ Surgery, The University of Texas Health Science Center at San Antonio. This study was sup- 
ported by a grant (RO] CA 18829-02) from the National Institutes of Health. 


Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 1-2, 1982. 


ESOPHAGEAL SPEECH 455 


gives the standardized discriminant function for the 
first analysis. 


T = .28 (Xravi— 1.5) + eyi (Xpuys — 2.9) 
ol 1.14 


+ 61 (Xswaz — 1.6) 
49 


= .39 (Xsire — 1.3) + .78 (Xoura — 10.1) 
.44 7.09 


The general form of the equation is 


¥a bik A Ar 1s) RA) 
SD(X,) SD(X,,) 


where Y = speaker score, ie, Y = 1 represents speak- 
ing and Y = 0 nonspeaking. The Xs are the data fora 
given patient. It should be noted that the absolute 
magnitude of the constants on the Xs show tue rela- 
tive importance of each discriminator, ie, pr2operé- 
tive phonation duration (DURA) was the most imp- 
portant variable. 


The standardized discriminant function from the 
second analysis (9 variables) is as follows: 


Y= .55 (Xrani— 1.5) + os (Xpuys — 2.9) 
ol 1.2 


+ .43 (Xswaz— 1.6) 
49 


a, Al (Xsire — 1.3) + 85 (Xpura pe 10.2) Ca 86 (Xwc— 6981) 
45 7.2 5654 


The Ys for each patient can be used to “statistically” 
classify patients to the speaking or nonspeaking 
group. Table 3 presents the results of this classifica- 
tion. Notice that 66.7% of the speakers were cor- 
rectly classified, and 85.2% of the nonspeakers 
were correctly classified, yielding an overal! correct 
classification rate of 79.5% for the first trial. By ad- 
ding the additional variables to the discriminant 
analysis the predictive ability increased to 92% 
overall with a correct classification score of 83% for 
speakers and 96 % for nonspeakers. 


DISCUSSION 


Discriminant analysis is a powerful statistical 
method that allows inferences to be made about the 
relative weighting of multiple factors for purposes 
of predicting outcome. By applying the discrimin- 
ant function to our patients we were able to “assign” 
them correctly to the appropriate category 80 to 
92% of the time. Whether this predictive accuracy 


will hold up in other populations of laryngectomees 
remains to be seen; we hope it would be confirmed 
by other workers in the field. 


We performed several trials of the discriminant 
analysis using a number of variables. We have 
chosen to include the two trials which most ac- 
curately reflect the interaction of the variables used 
in this study and our interpretation of their signifi- 
cance. This we did to indicate to those without an 
advanced background in statistics that there is an 
“art” as well as a “science” in this method of glean- 
ing information about possible relationships from a 
large amount of data. Given this sample size and 
these subjects, it may be that these tests applied to 
different samples would give somewhat different 
results. The reader is urged to keep this in mind 
when applying this information to patient care. We 
do not suggest that this information will be 92% ac- 
curate when applied to any given group of patients. 


It should also be stressed that statistical correla- 
tion does not imply causation. Even though factor A 
may be correlated strongly with factor B, both may 
be due to a third or more factors rather than the 
direct action of one on the other. For example, the 
mechanism whereby preoperative phonation dura- 
tion influences the acquisition of esophageal speech 
is not readily apparent. Indeed, it might be a spur- 
ious coincidence or there may be a direct effect that 
should be studied further. One could postulate that 
patients with unimpaired phonation had smaller tu- 
mors, or that the patients in this category had better 
pulmonary function, or that they were not bashful 
about performing a phonatory test. In any event, 
this phenomenon carried too strong a statistical re- 
lationship to ignore even though the pathophysiol- 
ogy of this relationship is not obvious. 


Logically, physical performance status would be 
expected to have a more direct effect upon acquir- 
ing esophageal speech. The physical rating scale we 
employed was relatively arbitrary. It varied from 
1-5 with 5 being equivalent to the patients’ preill- 
ness status and 1 indicating a bed-ridden pretermin- 
al condition. Common experience indicates that 
learning and using esophageal speech requires a fair 
amount of energy and vigor. Therefore, patients 
weakened by their disease, the effects of therapy, or 
depression would be expected to have difficulty 
speaking esophageally. 


TABLE 1. MEANS + STANDARD ERRORS OF THE MEANS (SEM) FOR EACH GROUP OF SUBJECTS 


Grou N STAG * RADI PHYS 
Speakers 12 3.34.28 1.74.14 234.31 
Nonspeakers 26 3.44.25 144.10 22+.21 
Combined 38 3.44.19 1.54.08 254.19 
Excluded 

nonspeakers 9 4.4+.48 1.2415 284.47 


* See text for definitions of variables. 
t Based on N=8. 
+ Based on N=7. 


SWAL SITE 
1.9+ .08 
1.5+ .10 
1.6+ .08 


1.5+.19f 1.44.18 — 


DURA ED HMATE INC 


1.1+.08 13.842.2 2.8+.28 1.8+.55 47551105 
134.10 8.5+1.3 3.1.20 1.1+:16 800841199 
1.3+.07 10.2+1.2 3.0+.16 1.3+.20 6981+917 


3.4+.24 1.8+.49 34574919§ 


456 GATES & HEARNE 


TABLE 2, STEPWISE VARIABLE SELECTION RESULTS 


Step Variable F 
First trial 1 PHYS 8.6 
2 DURA 6.3 
3 SWAL 4.8 
4 SITE 3.2 
5 RADI 1.2 
Second trial i PHYS 8.2 
2 DURA 6.0 
3 INC 8.3 
4 RADI 6.8 
5 SITE 3.5 
6 SWAL 2.9 


Similarly the effect of dysphagia would also ap- 
pear to be direct. We categorized patients at their 
sixth month posttreatment examination irto three 
groups on the basis of this variable: 1) those who 
had no difficulty swallowing, 2) those witk mild to 
moderate difficulty but who did not require treat- 
ment, and 3) those who required dilations. None of 
the ten patients who needed dilations was able to 
make an esophageal voice. Only one of the esopha- 
geal speakers had dysphagia; 50% of tne non- 
speakers had dysphagia. 


In the initial analysis of these patients tke site of 
the cancer had no significant statistical relationship 
to esophageal speech acquisition. Howevez, if the 
subjects were divided into two groups — 1) glottic 
and supraglottic vs 2) pyriform sinus — the success 
rate for group 1 was 33% and for 2 it was 7% (1/14) 
(Table 4). Thus one would conclude that patients 
with pyriform sinus cancer are less likely to develop 
esophageal speech than those with glottic or supra- 
glottic primaries. Broken down according to tumor 
stage, the pyriform sinus group was staged: I’,.. —4, 
T; —5, and T, — 6; one half had clinically evident 
cervical metastasis preoperatively. It is a common 
experience that the amount of pharyngeal mucosa 
available for closure of the pharynx is much less in 
patients with pyriform sinus cancer. The dysphagia 
rate (62%) for the pyriform sinus group differed 
(p=.051) from that of the glottic-supraglottic 
group of patients (30%). Therefore we may con- 
clude that pharyngeal dysfunction leading to dys- 
phagia is an important factor in mediating tne dele- 
terious effect of pyriform sinus cancer upom learn- 
ing of esophageal speech. 


The effect of radiation therapy appears to be con- 
fined to those who received postoperative therapy. 
In our previous report,’ 4/12 esophageal speakers 
had postoperative radiation therapy in comparison 
to 23/35 nonspeakers. The statistical significance of 
this difference was p = .06. We postulate that post- 
operative radiation therapy has a direct effect upon 
learning esophageal speech because patients exper- 
ience pharyngeal pain and dryness during the per- 
iod in which they are attempting to learn esoph- 
ageal speech. The majority of patients discontinue 


TABLE 3. CLASSIFICATION RESULTS 


Predicted Group Membership 
Actual Group Speaking Nonspeaking 
First trial Speaking 8 (66.7%) 4 (33.3%) 
Nonspeaking 4 (14.8%) 23 (85.2%) 
(79.5%) 
Second trial Speaking 10 (88.3%) 2 (16.7%) 
Nonspeaking 1(3.8%) 95 (96.2%) 
(92.1%) 


their speech lessons during radiation therapy; most 
do not resume. Therefore, we wonder about altern- 
ative rehabilitation plans, such as ning the 
start of speech therapy until the effects of radiation 
therapy have subsided. We certainly do not advo- 
cate avoiding or postponing postoperative radio- 
therapy because of this effect but we do urge that it 
be considered in the rehabilitation planning. 


The importance of the patient income variable 
deserves comment. Contrary to previous reports 
which would indicate that the personal character- 
istics associated with affluence are important in 
motivating people toward learning esophageal 
speech, it is our opinion that socioeconomic status 
per se has a weak clinical relationship to esophageal 
speech. Even though our data would indicate statis- 
tically that low income predicts success, we inter- 
pret this finding to mean that high income does not 
influence success and that other factors, particular- 
ly physical factors, are far more important. We 
note that the mean income of the eight patients ex- 
cluded from analysis because of missing data on 
phonation duration was much lower than the rest of 
the nonspeaker group. It is our impression that if 
these patients could have been included in the ana- 
lysis, the predictive power of this variable would 
still be significant although statistically weaker. 


We have not compared these data with the work 
of others in the literature for several reasons. First, 
our data were from a prospectively studied group, 
whereas all studies with which we are familiar were 
based on retrospectively obtained information. Sec- 
ond, our subject population was heterogeneous, 
coming from private, indigent clinic, military, and 
veterans’ facilities, and cannot be compared to, for 
example, an all-male, veteran patient group. Third, 
this technique of analysis has not been applied 
previously to predicting outcome of postlaryn- 
gectomy rehabilitation. We look forward to the 
results of future studies of a similar nature. 


It appears to us that substantive changes have oc- 
curred in the selection of patients for treatment of 


TABLE 4. RELATIONSHIP OF SPEECH ACQUISITION 
TO SITE OF CANCER 





Glottic & lottic Pyriform Sinus 
Speakers 11 (33%) 1 (7%) 
Nonspeakers 22 (67%) 13 (93%) 


(Corrected X? = 2.3, p= .13) 
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laryngeal cancer. Today’s laryngectomee is more 
likely to be older, have more advanced disease, and 
receive multimodality therapy than was the case in 
the past. Thus, fewer patients are able to learn 
esophageal speech. Identification of patients who 
would be unlikely to be able to learn esophageal 
speech could result in the early use of alternative 


forms of speech rehabilitation for this high-risk 
group. Thus, months of delay and frustration could 
be replaced by early communication. For the 40% 
whose cancer therapy is not curative and whose 
lives are enriched by effective interpersonal 
communication, such early identification would 
greatly enhance the quality of their remaining days. 
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INTERNATIONAL SYMPOSIUM ON HEAD AND NECK CANCER 
The upv of Birmingham, England, will sponsor a 2-day symposium on head and neck cancer September 20-21, 1982. Disting- 


uished speakers wi 


review the current status of laboratory and clinical research and will discuss guidelines for future research and treat- 


ment. Topics will include changing trends of incidence; identifiable etiological factors; oral premalignant lesions; viral relationships; 
melanomas; lymphomas; d: carcinomas; aspiration cytology in diagnosis; new approaches to radiological assessment; value of elec- 
trons and neutrons; polychemotherapy; cis-platinum; laser use; management of cervical nodes; conservative surgery; advances in musculo- 
cutaneous flaps in reconstructive surgery; use of free flaps in reconstructive surgery; and the value of multimo | treatment and new ap- 
proaches to therapy. For further information please contact Miss Margot Morris, Surgical Immunology Unit, Clinical Research Block, 
Queen Elizabeth Hospital, Edgbaston, Birmingham, B45 2TH, England. 
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PRIMARY VOCAL REHABILITATION 
USING THE BLOM-SINGER AND PANJE VOICE PROSTHESES 
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INDIANAPOLIS, INDIANA 


Vocal rehabilitation by means of tracheoesophagee! puncture and placement of either the Blom-Singer or Panje silicone prosthesis has 
become a standard method of speech production following total laryngectomy. The same technique has been employed primarily at the 
time of the laryngectomy by the Department of Otolarengology-Head and Neck Surgery, Indiana University Medical Center, and our ex- 
perience with 1] patients undergoing this technique forms the basis for this report. Of the ten patients available for evaluation, all have de- 
veloped satisfactory prosthetic speech 2-12 weeks following total laryngectomy. Advantages of this technique include the utilization of 
standard laryngectomy without compromise of oncologic principles, elimination of a second procedure to place the trachecesophageal 
puncture, elimination of the nasogastric tube, care in the pharyngeal closure to afford the maximum success of prosthetic speech produc- 
tion, and finally, the psychological boost. Limitations cf the technique have been few but relate to limited voicing with postoperative ra- 


diotherapy and unrealistic patient expectations. 


INTRODUCTION 


Following total laryngectomy vocal rehabilita- 
tion by means of tracheocesophageal puncture and 
placement of either the Panje or Blom-Singer pros- 
thesis has become a standard method of speech pro- 
duction with a high degree of success.'** These two 
techniques, similar in concept and design, Lave of- 
fered new hope to many laryngectomees urable to 
use other means of communication and have found 
wide application. However, little has been written 
regarding the use of this technique primarily at the 
time of the ablative procedure. The purpose of this 
study was to evaluate the use of primary tracneoeso- 
phageal puncture as a means of vocal rehabilita- 
tion. A related phase of this investigation was to 
determine if alteration in the method of pharyngeal 
closure would have an effect on the incidence of 
pharyngoesophageal spasm in these prosthetic 
speakers. 


SURGICAL TECHNIQUE 


Primary tracheoesophageal puncture was performed following 
standard widefield gectomy or laryngopharyngectomy by 
creating a fistula in su mi fon of the eor 


secured to the peristomal skin with an 0-silk suture. 


Pharyngeal closure was altered in an attempt to decrense post- 
operative pharyn hageal following the technique of 
Saunders.* A 36 or 38 French dilator was p througk the oral 
cavity into the pharynx for use as a “darner” or form to sew 
across. The mucosa and submucosa were then closed over this 
dilator in an int fashion. The esophageal dilator, acting 
as a darner, allows the surgeon to detect gaps in the all-important 
first suture line. fr alo easures that-enongh mucces i peesenk to 


prevent a tight pharynx. If one is unable to close the pharyngot- 
omy diee i ie oe eee a myo- 
cutaneous flap or other augmentation should be used to recon- 
struct the . All closures were done in a T-shaped configur- 
ation. In no instance was an aes made to close the pharyngeal 


m since it was that traditional, tight, multi- 

layered geal closures would increase the amount of scar- 
d 

ring and lea 

spasm. 


to an increased incidence of pharyn 

In three preoperative irradiated cases, this same closure tech- 
nique was used, but the suture line was reinforced with a pec- 
toralis muscle flap in two cases and augmented with a pectoralis 
myocutaneous flap in another case. 

Blenderized feedings were given through the fistula tube until 
the 10th to 14th postoperative day when oral alimentation was 
begun and the Keofeed tube was replaced with a 14 French sili- 
cone stent. Speech rehabilitation was initiated as early as the 
tenth postoperative day with voicing through the fistulous tract. 
Thereafter, fitting with either a Blom-Singer or Panje prosthesis 
was accomplished and standard instruction in the care of these 
appliances was begun. 


RESULTS 


Eleven patients undergoing total laryngectomy 
and primary tracheoesophageal puncture for T3 
and T4 laryngeal and pyriform sinus neoplasms at 
the Indiana University Medical Center from July 
1981 until April 1982 formed the basis for this re- 
port. Ten of these patients are available for evalua- 
tion. The unevaluable patient is currently still hos- 
pitalized and has been physically unable to begin 
voicing. Nine patients were male and all patients 
were in the sixth and seventh decades of life. Four 
patients underwent simultaneous radical neck dis- 
section. Three patients received preoperative radio- 
therapy and the same number underwent postoper- 
ative irradiation. 


All patients developed satisfactory, fluent, intelli- 
gible speech. The period of time from laryngectomy 
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to the development of speech ranged from 2-12 
weeks with an average of 5.2 weeks. If two patients 
requiring 12 weeks until voicing are eliminated, 
then the average time to voicing becomes 3.5 weeks. 


Six patients were initially fitted with Panje pros- 
theses and four with Blom-Singer. The choice of 
prosthesis type was based on the configuration of 
the stoma and final position of the tracheøesopha- 
geal fistula. 


No difference in the eventual success of vocal re- 
habilitation was noted with patients undergoing 
either preoperative or postoperative radiotherapy. 
However, in two patients undergoing postcperative 
radiotherapy, voicing became limited because of 
peristomal reaction and pharyngeal edema. 


Two patients, originally felt to be satisfactory 
prosthetic speakers, eventually used their prosthetic 
voice less. One of these individuals has a history of 
psychiatric illness and motivation tends tc parallel 
his mood. Initial success was met with limited re- 
ception in another patient because of probable un- 
realistic preoperative expectations. There was one 
postoperative complication, a fistula in an unirradi- 
ated case. There was no evidence of pharyngo- 
esophageal spasm. 


DISCUSSION 


Primary tracheoesophageal puncture ^as been 
found to be a procedure with favorable initial re- 
sults. Standard wide-field laryngectomy or laryngo- 
pharyngectomy with no departure from established 
oncologic criteria may be performed. New tech- 
niques for approaching laryngeal neoplasms through 
subtotal laryngectomy have currently been under 
development and evaluation.‘ These techniques of- 
fer the hope of retention of limited laryngeal func- 
tion and extension of traditional indications for con- 
servation laryngeal surgery while maintaining the 
cure rates for laryngeal carcinoma now treated with 
total laryngectomy. However, further evaluation 
and follow-up are necessary before this can become 
a standard method of treatment. In the interim, 
primary tracheoesophageal puncture offers a single- 
stage method of prosthetic vocal rehabilitation with 
known cure rates. 


Importantly, care can be given to the pharyngeal 
closure at the time of a laryngectomy. In our series, 
it was felt that by closing only the mucosa and sub- 
mucosa we have allowed the wide myotomy of the 
pharyngeal constrictors which is present at the end 
of the laryngectomy to remain, and that this would 
result in a loose pharyngoesophageal segment less 
likely to spasm with air insufflation. In a large series 
of patients undergoing prosthetic vocal rehabilita- 
tion, Singer and Blom have noted an incidence of 


pharyngoesophageal spasm of 12% and postulate 
that it may even be higher.’ Similar rates of pharyn- 
goesophageal spasm have been noted by other inves- 
tigators.**” Although our initial results are encour- 
aging. further investigation concerning variations 
of pharyngeal closure following laryngectomy and 
the rcle that such techniques play in the eventual 
production of pharyngoesophageal spasm merits 
further consideration. 


By creating the tracheoesophageal fistula at the 
time of the ablative procedure, the puncture can be 
easily placed and a second operation, albeit a minor 
one, is avoided. The need for a nasogastric tube is 
also eliminated since feedings may begin via the 
tube in the fistula and this can be of considerable 
comfort to the patient who depends on central or 
enteral tube feeding for 10 to 14 days postopera- 
tively. 


Although vocal rehabilitation may begin as soon 
as 10 to 14 days postoperatively, this ideal was not 
always realized in our patient population. A patient 
with a postoperative fistula required a considerably 
longer interval to develop sustained effective voic- 
ing. In two of three patients undergoing postopera- 
tive radiotherapy some limited voicing was begun 
posteperatively only to decrease with radiotherapy 
because of pharyngeal edema and peristomal reac- 
tion. On the other hand, while postoperative radia- 
tion may limit voicing during radiotherapy, in no 
case was any long-term sequela apparent. 


Fiaally, it must be emphasized that considerable 
psychological boost is given to both the patient and 
surgeon who realize that even in the face of total 
laryrgectomy, efforts can be made at the time of 
the laryngectomy which will assist in postoperative 
vocalization. However, we have been careful to em- 
phasize to our patients that the resultant voice will 
not be the same as their preoperative voice and that 
fluency will not come without diligent work and 
therapy. In one of our patients, unrealistic preoper- 
ative expectations led to disillusionment regarding 
tracheoesophageal speech and eventual decrease in 
the ‘requency of use, although he still wears his 
prosthesis. Considerable care in the selection of 
these patients is therefore required and one cannot 
yet edvocate this as a universal standard technique 
to be applied to all laryngectomees. Lastly, it can be 
empħasized that in some of our patients initial ef- 
forts at esophageal speech were enhanced by the 
presence of the tracheoesophageal fistula. In fact, 
several patients have elected to proceed with educa- 
tion regarding esophageal speech and now use both 
methods of communication. One cannot regard this 
as a failure of tracheoesophageal speech; rather it 
reflects the interrelationship of these different mo- 
dalities of postoperative vocal rehabilitation. 
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International Association of Physicians in Audiology. Fæ further information contact Dr. V. Colletti, Clinica ORL dell’Universita di Pa- 
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Treatment of large squamous carcinomas of the head and neck often requires intensive or multidisciplinary treatment. Despite such 
aggressive measures, local recurrence is common. Possible reasons for such local failure are numerous. Hypoxic but viable tumor cells may 
be one means of resistance to radiotherapy and chemotherapy. If surgical removal cannot eliminate these cells, tumor regrowth may occur. 
Modulation of the hypoxic fraction is one means of potentially altering resistance to radiotherapy. Misonidazole, a radiosensitizer, has been 
thought to increase free radical formation in hypoxic eells in vitro thus increasmg the radiosensitivity. This observation is discussed with 


reference to advanced head and neck cancer. 


Cancer therapists, regardless of discipline, have 
as their goal the elimination of the last clonogenic 
tumor cell or at least a reduction of the tumor cell 
burden so that the natural body defenses may elim- 
inate any cell with malignant potential. In individ- 
uals with head and neck cancer, adequate local con- 
trol may cure a large proportion of these patients. 
However, large tumors (T4) have considerably 
lower local control rates than smaller (T1) lesions.’ 
Explanations frequently offered for this fact are 1) a 
larger tumor cell burden in T4 lesions, 2) greater ef- 
ficiency of repair of x-ray and/or drug damage, 3) 
the presence of hypoxic cells which may reduce the 
efficacy of both drug and x-ray treatments, and 4) 
inherent or induced cellular resistance to drugs and 
x-rays.’ 


Survival curve analysis, whether involving x-rays 
or chemotherapeutic agents, has proven important 
in the conceptual design of cytotoxic cancer ther- 
apy. Figure 1 shows an x-ray survival curve. A log- 
arithmic plot of the surviving fraction is shown on 
the ordinate and dose in rad on the abscissa. It 
should be noted that survival cures for chemothera- 
peutic agents are graphed in a similar fashion with 
concentration of drug on the abscissa instead of dose 
in rad. The inverse of the slope of the straight line 
portion of an x-ray or drug survival curve is known 
as the D, (radiosensitivity or chemosensitivity). The 
back-extrapolation of the slope to the ordinate is 
known as the ñ or extrapolation number and 
represents the ability of cells to accumulate and 
repair sublethal damage. Survival enhancement 
after x-ray treatment, as reflected in a recapitula- 
tion of the extrapolation number, indicates that 
cells repair sublethal x-ray damage and any chemo- 
therapeutic agent or host factor which influences 
this process is of great importance. 


Themlinson and Gray,‘ after histologic examina- 
tion cf lung tumors, noted that cells more than 150 
um from a capillary were necrotic and surrounded 
by a rim of hypoxic cells. This observation may be 
of great importance to the clinical cancer therapist, 
since the cytotoxic action of ionizing radiation and 
some chemotherapeutic agents such as adriamycin 
or cyelophosphamide in biological matter is medi- 
ated by production of free radicals. Free radicals 
contain unpaired electrons which create the chemi- 
cal reactions that lead to molecular lesions which 
produce damage to DNA. The major forms of this 
damage are DNA strand breaks and/or base dam- 
age. Thus, when bacterial or mammalian cells are 
exposed to hypoxia (an environment less capable of 
free radical production), radioresistance or chemo- 
resistance occurs (Fig. 2). A generalization is that in 
in vitro or in vivo treatment systems, absence of 
oxygen will result in a decreased cytotoxic effect. 
Conversely, it should be noted that radiosensitivity 
of virtually all hypoxic biological systems can be sig- 
nificantly enhanced in the presence of oxygen. Al- 
though the radiation dose necessary to produce a 
given degree of cell killing may be different under 
various conditions, the shape of the survival cures 
are icentical when they are in aerated or hypoxic 
conditions. As Figure 2 shows, the ratio of the doses 
to reach the same biological end-point under oxic or 
hypoxic conditions is the same at each level of sur- 
vival. This ratio is called the oxygen-enhancement 
ratio OER) and can be calculated as the ratio of D, 
values for hypoxic and aerated cells.* Tumors con- 
taining large fractions of hypoxic cells will be resis- 
tant, possibly as much as by a factor of three, to 
ionizing radiation. A clinical corollary to this phe- 
nomenon would be that tumors containing a popu- 
lation of hypoxic cells may require a dose of irradia- 
tion which exceeds normal (ie, oxic) tissue tolerance 
for loeal control. 
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SURVIVING FRACTION 
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Several strategies have emerged by which hy- 
poxia may be circumvented in radiotherady. Al- 
though hyperbaric oxygen chambers have been em- 
ployed with varying results, a more practical strat- 
egy has been the introduction into clinical radio- 
therapy of the nitroimidazoles as sensitizers of hy- 
poxic cells.“ These agents are electronic affinic com- 
pounds which have as their major mode of action 
the creation of free radicals in hypoxic cells. The 
prototype compound, metronidazole, a trichomoni- 
cide (Flagyl), was quickly followed by the d=velop- 
ment of misonidazole which is currently being in- 
vestigated in clinical trials.” Figure 3 shows the ef- 
fect of metronidazole in hypoxic cells in vitro. Note 
that the OER in the presence of metronidazole is de- 
creased and the hypoxic cells are more like their 
well-oxygenated counterparts in their response to 
irradiation.® An increased cure rate in animas bear- 
ing tumors which contain a large hypoxic fraction 
of cells has been shown after the combined use of 
radiation and misonidazole.*® Thus, it may be possi- 
ble to enhance the therapeutic ratio in head and 
neck cancer with the employment of combinations 
of hypoxic cell, sensitizers and radiation therapy. 


Rose and his colleagues’® investigated the en- 
hancement in tumor cell-kill which occurs when 
misonidazole is administered in combination with 
chemotherapeutic agents in animals bearing the 
Lewis lung carcinoma. Enhancement of melphalan 
cytotoxicity in tumors occurred when animals re- 
ceived misonidazole up to four hours before or one 
hour after melphalan. Enhancement was most 
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Fig. 2. Effect of hypoxia on cell survival following irradia- 
tion. 


marked with simultaneous administration (Fig. 4). 
Although misonidazole enhanced the response of in- 
testine and bone marrow to melphalan treatment, 
enhancement ratios were considerably less than tu- 
mor enhancement ratios, resulting in a true thera- 
peutic gain. Although the mechanism of potentia- 
tion of chemotherapeutic agents by the nitroimida- 
zoles was unclear, Rose et al proposed that misoni- 
dazole might enhance melphalan activity by poten- 
tiating cytoxic action at the intracellular level by 
elaborating potentially toxic metabolites within the 
hypoxic tumor cells. These authors further sug- 
gested that these metabolites occur in concentra- 
tions insufficient to produce cytotoxicity by 
themselves, but which enhance the action of 
simultaneously delivered chemotherapy, perhaps 
through some electron affinic process. +° 


It is thus tempting to speculate that the nitroimi- 
dazoles originally investigated as radiation sensi- 
tizers may find use as chemosensitizers and that hy- 
poxic cells originally thought to limit the effective- 
ness of radiation may alter the effectiveness of che- 
motherapy as well. Future clinical trials may in- 
clude the employment of misonidazole with chemo- 
therapy as well as during radiation itself. 


In a previous study at the multidisciplinary Head 
and Neck Clinic at the Sidney Farber Cancer Insti- 
tute and the Joint Center for Radiation Therapy, 
patients presenting with advanced stage III and 
stage IV squamous carcinoma of the head and neck 
were treated with high dose methotrexate (3-7 g/m? 
dose, with leucovorin rescue) given weekly for one 
month prior to definitive radiatiqgn and/or surgery. 
Six of 11 patients who showed a significant response 
(greater than 50% reduction of tumor to high-dose 
methotrexate) are alive and well at three years as 
opposed to 1 of 10 patients who showed less than a 
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Fig. 3. Effect of misonidazole (Flagyl) on hypoxic inhibi- 
tion of cell death following irradiation. 


50% reduction in tumor size.'' An obvious inter- 
pretation is that an enhancement in cytoreduction 
was achieved by the chemotherapy and that the su- 
periority in survival was solely due to a significant 
decrement in tumor cell burden. The fact that both 
the responding and nonresponding groups had the 
same incidence of distant metastases, however, sug- 
gests that the log-kill in the responding group might 
not have been significantly greater than in the non- 
responding group. It is possible that the cytore- 
duction in the responding group was enough only to 
effect local control. This may have occurred by de- 
creasing the local tumor burden or decreasing the 
local hypoxic cell population, thus making radia- 
tion surgery more effective. In explaining the effect 
of cytoreduction, several interesting experimental 
observations may be relevant. For example, several 
authors have shown experimentally that cells in 
small tumors are more sensitive to cytotoxic agents 
than those in large tumors. Also, in animals, pul- 
monary tumors as small as 20 mm in volume con- 
tain substantial numbers of hypoxic, presumably re- 
sistant, cells.*:'? Thus, pre-definitive-treatment che- 
motherapy may have had the effect of reducing the 
hypoxic fraction by reducing the gross size of the 
tumor and rendered radiotherapy and presumably 
surgery more effective by size reduction as well. 


The above principles have important implica- 
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Fig. 4. Effect of misonidazole on cell survival after mel- 
phalan treatment. 


tions for the surgical oncologist, since surgery may 
be curative by itself or in combination with chemo- 
therapy and radiotherapy. Sound principles of on- 
cologic management should be common to all disci- 
plines involved in the care of head and neck cancer 
patients. For example, surgical debulking has been 
widely misinterpreted, but should take the form of 
complete excision of tumor deposits leaving only 
microscopic disease behind. Thus, cytoreductive 
surgery may be beneficial, not only because it re- 
duces the total number of tumor cells, but may also 
reduce the number of hypoxic cells, leaving smaller 
numbers of well-oxygenated cells to be treated by 
chemotherapy and radiotherapy. 


Tumor cell hypoxia is an example of only one 
problem which is common to all oncologic disci- 
plines and demonstrates the necessity for combined 
clinical approaches to head and neck cancer. Other 
physiologic differences between tumors and normal 
tissues should be exploited. Potentiators of chemo- 
therapy and radiotherapy and protectors of normal 
tissues which selectively take advantage of such dif- 
ferences should be explored. The nitroimidizoles 
and possibly hyperthermia are examples of such in- 
vestigative efforts. With surgery, such interdigita- 
tion of disciplines might improve the therapeutic 
results for advanced squamous carcinoma of the 


head and neck. 
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PATHOLOGY CONSULTATION 
METASTATIC PATTERNS OF SALIVARY GLAND NEOPLASMS 


JOHN G. BATSAKIS, MD 


PORTLAND, MAINE 


Long-term follow-up of salivary gland carcinomes allows a better evaluation of their biologic malignancy than the traditional five- 
year period. Metastases (distant and local) are possible over the entire lifetime of a patient and are dependent upon histologic grade, persis- 
tence of neoplasm and clinical stage. Distant metastases to bone and lungs are manifested by nearly every carcinoma. Metastases to region- 
al lymph nodes vary according to histologic type and i: appears that the adenoid cystic carcinoma has the lowest incidence of that event. 


An accurate assessment of the biologic activity of 
carcinomas of the salivary glands and the conse- 
quences of that activity on the host cannot de made 
on the basis of the traditional five-year “eure” or 
survival statistics. Metastases are events that occur 
over a protracted period, even in apparently dis- 
ease-free subjects. Unfortunately the combination 
of the low incidence of salivary gland carcinomas 
and the often short follow-up periods in most of the 
publications thwart a circumspect analysis. 


Malignancy (metastatic ability) of a salivary 
gland carcinoma is the result of a variety of inter- 
related factors; some are inherent in the neoplasm, 
others of more a facultative character; anatomic 
site of origin, clinical stage, adequacy of primary 
treatment and control or lack of control of the 
primary. 


Histologic grade of the carcinoma by itself may 
be a determinant but in many instances the grade of 
the neoplasm is intimately related to clinical stage. ' 
This appears to be true especially for muccepider- 
moid and adenocarcinomas. Histologic grading of 
adenoid cystic carcinomas for the purpose of prog- 
nostication has had mixed “reviews.” For that neo- 
plasm, it is unlikely that grade outweighs clinical 
stage in any instance. The same may be said for 
acinous cell carcinomas. Facial nerve paralvsis (in- 
corporated in clinical staging) is an ominous sign 
and frequently demonstrates a direct relationship to 
metastases. 


Failure of local control, though it may have a 
protracted time period, with its repetitive surgery, 
irradiation and disruption of the tumor bed and 
vascular system, not only prolongs the chrenologi- 
cal time of the neoplasm, it also provides opportun- 
ity for dissemination. 


Anatomic site of origin definitely plays a role. 
Mucous gland carcinomas of the upper airway kill 
primarily through the ravages of local extension. 


Metastases, lymph node or distant, are less frequent 
than for comparable histologic types in the major 
salivary glands. Table 1 presents the percent fre- 
quency of metastases for adenoid cystic carcinomas, 
carcinomas in pleomorphic adenoma, and muco- 
epidermoid carcinomas. The data are derived from 
studies selected for long follow-up periods and iden- 
tification of metastatic sites.* '? Except where indi- 
cated the neoplasms arose from all salivary sites. 


As can be seen in Table 1, the three different car- 
cinomas manifest different patterns of metastasis. 
Adenoid cystic carcinomas manifesting distant 
(hematogenous) dissemination outnumber those 
with lymph node involvement. For the latter, it is 
likely that the involvement of the regional lymph 
nodes is more often by contiguity than by lymphatic 
permeation. This should be kept in mind when 


TABLE 1. SALIVARY GLAND CARCINOMAS: 
METASTATIC PATTERNS 


Metastasis Distant 
to Lymph Metastasis 
Investigators No. Cases Nodes (% 9 





Adenoid Cystic Carcinoma 


Spiro et al’ 242 15 42.0f 
Conley and Dingman* 134 16 34.0 
Zielke-Temme and 
Wannenmacher* 82 — 30.0 
Eby et al‘ 54 15 24.0 
Blanck et al’ 35* 20 34.0 
Grahne et al” 21 24 43.0 
Carcinoma Ex Pleomorphic Adenoma 
Spiro et al? 150 25 32.0 
Eneroth et al!’ 21 24 24.0 
Mucoepidermoid Carcinoma (all grades) 
Spiro et al'' 367 29 — 
all patients 
342 — 15.0 
with follow-up 

254* 28 — 

Jakobsson et al’? 63* 8 6.5 


*Parotid only. 
170% assumed. 


From the Department of Pathology and Laboratory Medicine, Maine Medical Center, Portland. 
REPRINTS — John G. Batsakis, MD, Department of Patho-ogy and Laboratory Medicine, Maine Medical Center, Portland, ME 04102. 
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planning treatment. It is also to be appreciazed that 
adenoid cystic carcinomas of the paranasal sinuses 
and airway demonstrate approximately one half the 
frequency of lymph node involvement indicated in 


Table 1.? 


Carcinomas ex pleomorphic adenoma (so-called 
malignant mixed tumors) involve regional nodes 
with a frequency nearly equal to their distant met- 
astatic rate. This is to be expected since the carcin- 
oma evolving from the pleomorphic adenoma is 
most often an adenocarcinoma of ductal type. 


The statistics for mucoepidermoid carcinoma are 
skewed by inclusion of the more numerous low- 
grade carcinomas. These low-grade mucoepider- 
moid carcinomas manifest a biologic behavior not 
unlike a mixed tumor. Spiro and associates"! have 
provided a more discriminating study. Forty-four 
percent (89 patients) of their patients with muco- 
epidermoid carcinoma of the parotid gland, other 
than grade 1, manifested cervical lymph node met- 
astases at some time during their illness. Only pri- 
mary squamous cell carcinoma (70%) and adeno- 
carcinomas (36%) rivaled this metastatic rate. 


Once again signaling the apparent reluctance of 
adenoid cystic carcinomas to involve lymph nodes, 
Spiro et al'' record a metastatic rate of only 10%. 


Lack of long-term follow-up serves to give mis- 
conceptions over the potential lethality of acinous 
cell carcinomas. The study of 35 cases by Batsakis et 
al'* and their accompanying review is a step in cor- 
recting this misconception. Metastases (local and 
distant) occurred in one third of the patients with 
hematogenous spread exceeding regional lymph 
node involvement by a 2:1 ratio. 


SUMMARY 


The frequency of lymph node and distant (hema- 
togenous) metastases from salivary gland carcin- 
omas is presented. Noteworthy findings are: 1) met- 
astasis is often delayed beyond the traditional five- 
year surveillance period; 2) clinical stage and per- 
sistence of tumor are likely more important than 
histologic grade for metastasis; 3) hematogenous 
distant metastases, over the duration of the disease, 
is often more frequent than lymphatic metastases to 
regional lymph nodes. 
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BOOK REVIEWS 


Chronic Ear Diseases 


By Gordon D. L. Smyth. Hard cover, black and white illustra- 
tions, indexed, 218 pages, 1980. Churchill Livingstone Inc., 
New York. Price $28.00. 


Chronic Ear Diseases, a recent monograph by Dr. Gordon D. 
L. Smyth of Belfast in the “Clinical Otolaryngology” series pub- 
lished by Churchill Livingstone, is a valuable contribution to our 
knowledge of chronic otomastoiditis. His experiences with man- 
agement and surgical reconstruction, namely tympanoplasty, will 
be of interest to otologists everywhere. 


The pathology of chronic otitis media (CSOM) and mastoiditis 
is described with historical reviews and recent conceptions of 
etiology with appropriate attention to the increased incidence of 
middle ear effusion (MEE). As would be expected in a book on 
chronic ear disease, the subject of cholesteatoma is given detailed 
analysis. Smyth has summarized basic studies of the past and re- 
cent contributions. Theories for the genesis of cholesteatoma are 
well reviewed with discussions of histological characteristics and 
with considerations of “invasive” and “metaplastic” concepts. 
Smyth gives appropriate emphasis to the recent research and 
theoretical constructs of Sadé of Israel, whose publications have 
contributed greatly to concepts regarding cholesteatoma etiology. 


In the section on “Eradication of Disease” there are special 
chapters on patient selection and management, surgical tech- 
niques in tympanoplasty and evaluations of tympanoplastic 
results. One may have differing opinions with the technical em- 
phases of Smyth and his group, but his wide experiences have 
been meticulously analyzed and objectively reported. 


Smyth, who pioneered in combined approach tympanoplasty 
(CAT) has presented dispassionate statistical analyses of results. 
When it was noted that CAT procedures were not aways suc- 
cessful, Smyth and his colleagues began to emphasize the need for 
staging and for less emphasis on CAT procedures as “final 
answers.” It is admirable that Smyth himself has led the soul 
searching in this surgical debate and presents reasoned and clearly 
presented objectivity in overall surgical approaches to chronic 
otomastoiditis. There are presentations of causes of graft failure, 
and critical studies contrasting “overlay” and “underlay” tech- 
niques, and discussions of such problems as anterior “blunting” 
which can complicate overlay techniques. 


He emphasizes his preference for homologous preserved tissue 
in tympanoplastic procedures and although he mentions other tis- 
sues, including temporalis fascia and perichondrium, there is no 
mention of the use of gelfilm as an alternative to tissue grafts to 
allow spontaneous repair to occur in cases where tissue grafts are 
contraindicated. In those cases of keratoma (cholesteatoma) 
where recurrences are highly likely, any tissue grafts may be con- 
traindicated. In such cases gelfilm can play a role in making possi- 
ble “spontaneous” neotympanic membrane regrowth. He stresses 
the uses of banked tissues, specifically homologous dura, in pref- 
erence to viable fresh tissues. This may be due in part to the fact 
that he and his colleagues are involved in a very large clinic with 
much surgery for chronic otomastoiditis. The convenience of 
banked material undoubtedly has played a role in this decision- 
making process. 


Cholesterol granuloma with or without tympenosclerosis 
and/or keratoma is an important lesion within the rubric of 
“chronic ear disease.” It is mentioned briefly in the introduction 
to cholesteatoma (Chapter 2). Cholesterol granuloma with or 
without cholesteatoma and/or tympanosclerosis is a fairly cam- 
mon cause of “chronic ear disease” in Southern California and as 
a definitive lesion can produce ossicular fixation, ossicular necro- 
sis, and severe mucosal diseases in the tympanomastoid area. 
Although it can coexist with cholesteatoma and tympaaosclerosis, 
it very frequently occurs by itself and requires consideration in 
any discussion of chronic ear disease. 


In addition to stresses of etiology, surgical techniques and 
evaluations of postoperative results, there are useful chapters on 
simple tympanic membrane repair, ossiculoplasty, and on special 
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problems such as postoperative sensorineural hearing loss, laby- 
rinthine fistula, tympanosclerosis and facial nerve trauma. 


This is a useful text, primarily of value to fellow otologic 
surgeons rather than to beginners. This excellent otologic mono- 
graph should be available in all otologic libraries. 


VICTOR GOODHILL, MD 
Los Angeles, California 


Tympanoplasty and Stapedectomy, a Manual of Techniques 


By Ugo Fisch. Soft cover, black and white illustrations, in- 
dexed’79 pages. Thieme-Stratton, New York and Stuttgart. 
Price $24.00. 


Dr. Fisch has compiled a manual of otologic surgical tech- 
niques for the treatment of middle ear and mastoid disease. This 
difficult beok is written as a guide for the beginning ear surgeon 
with schematic illustrations presented in a stepwise fashion. The 
material is logically and graphically displayed and is the type of 
material that is missing in most comprehensive otology texts. 


Dr. Fisch’s experiences with the procedures are summarized at 
the end of each section. For the experienced surgeon, a discussion 
of various approaches is also included. The section on myr- 
ingoplasty covers underlay and overlay techniques with specific 
indications for each. A large portion of the manual discusses the 
surgical treatment of cholesteatoma, illustrating open cavity and 
closed cavity techniques along with reconstructive measures. The 
final section discusses management of otosclerosis comparing 
stapedectomy and stapedotomy results, complications and revi- 
sion techniques. 


In summary the manual offers Dr. Fisch’s approach to the sur- 
gical management of chronic middle ear and mastoid disease. The 
clear illustrations and variety of techniques displayed provide the 
beginning ear surgeon with an excellent laboratory guide. The ex- 
perienced surgeon will be interested in the helpful hints and 
results sections. The manual sets a standard for technique tests 
that should be emulated in the future. 


Bruce J. GANTZ, MD 


lowa City, Iowa 


LETTER TO THE EDITOR 


Dear Editor, 


In the May-June 1980 Supplement to the Annals,'! my col- 
leagues and I reported our results of a double-blind, placebo- 
controlled study which concluded that a short course of pred- 
nisone was an effective method in the treatment of persistent otitis 
media with effusion (OME). Recently I received a letter from an 
otolaryngdlogist which described two patients who developed 
serious complications while receiving corticosteroid therapy for 
OME. Both patients developed intracranial infections but only 
one patient received an antimicrobial agent plus the prednisone 
prior to the development of signs of meningeal inflammation. If 
another otolaryngologist is aware of additional cases of possible or 
definite intracranial complications of prednisone therapy for 
OME, I would appreciate information about such cases. 
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MD, The Dallas Foundation of Otology, 3600 
Gaston, Suite 1105, Dallas, TX 75246. 


_ -~  Mid-Winter Symposium on Practical 
= Surgical Challenges in Otolaryngology 





Uaiversity of Texas Health Center at San Antonio 
American Academy of Facial Plastic and 
Reconstructive Surgery 


THIRD ANNUAL 
MAXILLOFACIAL TRAUMA WORKSHOP 
November 5-7, 1982 


Course Directors 
G. Richard Holt, MD; Douglas E. Mattox, MD 


Featured Speakers 
Byron Bailey, MD, Galveston; George Gates, MD, 
San Antonio; William Meyerhoff, MD, Dallas 


The workshop is designed for both the practicing sur- 
gec and resident-in-training desiring in-depth education 
in ne management of maxillofacial injuries. Lectures will 
stres an integrated and multidisciplinary approach. Em- 
phasis will be placed on diagnosis and the formulation of a 
treztment plan in complex injuries including soft tissue re- 
pai and fracture reduction and fixation. Participants will 
anæyze difficult cases and faculty panels will discuss con- 
troversial topics. Laboratory exercises will allow the par- 
tici ant to practice interdental wiring, transosseous wir- 
ing splint fabrication and approaches to sinus fractures. 


Registration fee: $275 Nonmembers of AAFPRS; $225 
Members of AAFPRS; $150 Residents-in-training. 


22 Hours Credit — AMA Category I 


For further information contact: Medical School Con- 
tinting Education Services, University of Texas Health Sci- 
enc- Center at San Antonio, 7703 Floyd Curl Drive, San 
Antonio, TX 78284, (512) 691-6295. 
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HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 





. AST: 
we armean MOMS TS SE 


MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
current measurements with readings 
Statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable battery, 
Model 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 


Detailed information is available from — 


WR MEDICAL 


ELECTRONICS CO. 


I995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 55113 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 


















FLORIDA MIDWINTER 
SEMINAR IN 
OTOLARYNGOLOGY 


February 17-19, 1983 
Hyatt Hotel 
Palm Beach, Florida 


OTOLARYNGOLOGY — HEAD AND 
NECK SURGERY UPDATE 


Faculty 
Lauren Bartels, MD; Nelson Catellano, MD: James En- 
dicott, MD — University of South Florida (Tampa) 
Nicolas Cassisi, MD; Richard Farrior, MD — University 
of Florida (Gainesville) 
J. Ryan Chandler, MD; Gerald Goodwin, MD: Robert 
Harrison, MD; Anthony J. Maniglia, MD — University of 
Miami 
on aie J. Krause, MD — University of Michigan (Ann Ar- 
or) 
Lloyd Storrs, MD — Lubbock, Texas 


Cosponsored by the University of Florida College of Medicine 
(Gainesville), the University of Miami School of Medicine 
(Miami), and the University of South Florida College of Medicine 
(Tampa). 





Registration Fee: 
$250 - Practitioners 
$100 - Residents with application from Department Head 

Mail registration fee payable to “Florida Midwinter Seminar.” 405 
Northeast 144th Street, Miami, FL 33161. 
Special reduced rates have been arranged with the Hyatt Hotel, 
630 Clearwater Park Road, West Palm Beach, FL 33401. 
AMA CME Category I Credit 








THE 
DEPARTMENT OF OTOLARYNGOLOGY 
AND 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF 
MEDICINE 
OF THE 
MOUNT SINAI SCHOOL 
OF MEDICINE (CUNY) 


Announce a Postgraduate Course 
TEMPORAL BONE SURGERY 


Under the Direction of 
Simon C. Parisier, MD; Joel Shugar, MD 
and Guest Faculty 
November 8-12, 1982 
Monday through Thursday 9 AM to 6 PM 
Friday 9 am to Noon 
This intensive five-day basic laboratory course is designed 
to familiarize otolaryngologists with the surgical anatomy 
of the temporal bone which is essential for the application 
of operative techniques currently utilized in managing 
diseases of the temporal bone. Fresh cadaver material and 
operating microscopes will be available. Maximum: 10. 


FEE: $800 


This course will be given at the Mount Sinai Medical 
Center, New York City, New York. 


Apply to: Director, The Page and William Black Post- 
Graduate School of Medicine, Mount Sinai School of Medi- 
cine, One Gustave L. Levy Place, New York. NY 10029, 
(212) 650-6737. A137 
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Are you stuck? It frequently happens with a difficult case. 
You have a series of test results, but definitive information is 
missing. 

You can acquire missing information in many of your most 
difficult cases with the NICOLET PATHFINDER II. 
Comprehensive electrodiagnostic capability for evaluating 
sensory function, neural integrity, and cognitive Processing — al 
is now available in a single top quality instrument. 6 ——— al 


Anything less than top quality evoked potential instrumentation ¢ an I ave you stuck with 
unreliable data and a backlog of patients waiting to be tested. The NICOLET 


PATHFINDER II provides complete, high-quality data faster. Cost effectiveness is increased $ 
because more patients can be tested each day. i 
Anything less than top quality evoked potential instrumentation can leave you stuck with j d EN 


an inflexible system that quickly becomes obsolete. Flexibility is a maior feature of the 
NICOLET PATHFINDER II. The modular design and software contro! guarantee the long- 
life of the system. Extended life of the system means increased cost effectiveness. 


Anything less than a top quality manufacturer can leave you stuck with inadequate service, training, and 
applications support. Nicolet Biomedical guarantees customer satisfaction. Service and support are provided by 
our international network of offices. Our highly qualified applications staff provides on-site installation and 
training, workshops, seminars, and instructional materia!. At Nicolet Biomedical we do our best to stay the best. 





receive more information about the 
Nicolet Pathfinder II and other 
Nicolet Biomedical Systems that can 
be tailored to your individual needs. If 
your need is immediate call Donald 
Erickson 608/273-5000 or 273-5001 


NO POSTAGE 


Return the reply card today to 
| | | | NECESSARY 


IF MAILED 
IN THE 
UNITED STATES 








5225-4 Verona Rd. 


ee Madison, WI 53711-0287 
WHERE RESPONSIBILITY KEEPS 


PACE WITH TECHNOLOGY 


collect at our world headquarters in BUSI N ESS REPLY MAI L EER 
nasd S kesha ae FIRST CLASS PERMIT NO. 1923 MADISON, WI 

AEP AA A Wore! POSTAGE WILL BE PAID BY ADDRESSEE TEEN 

NICOLET 

= BIOMEDICAL ar a 

= INSTRUMENTS Nicolet Biomedical jia EERU 

A NICOLET INSTRUMENT DIVISION P.O. Box 4287 Ee ess 
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Large Color 
Display 
Screen 


Interactive ] 
Cursor 
Readout 
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Easy DETE iy ra me 
Reduction eee 


Sixteen 
Independent WA ee 
a are sees 
Digital Mass © "rer 
Storage | 


P Waveform 


Keyboard or Positioning 


Pushbutton 
Control 
Digital 
Automated Hardcopy 
Protocols 


e Easy to Use 


¢ Modular design 
e Flexible 


|] PLEASE HAVE A SALES ENGINEER CALL 
|] PLEASE SEND PRICE INFORMATION 


PLEASE SEND DETAILS ON THE FOLLOWING PRODUCTS: 
|] Nicolet CA-1000 — Evoked Potential System 

L Nicolet Pathfinder II — Electrodiagnostic System 

|] Nicolet VTS-1000 — Visual Testing System 

Q Nicolet MED-80 — Signal Analysis System 

O Nicolet 1170 — Signal Processor 


|] PLEASE SEND A COPY OF “‘EVOKED POTENTIALS 


IN CLINICAL PRACTICE '' 
L] PLEASE ADD MY NAME TO YOUR MAILING LIST 





NAME 
TITLE 
i 
INSTITUTION 
STREET STATE ZIP 
PHONE NO COUNTRY 
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guarantees long life 


Microprocessor 
Controlled 
Visual 
Stimulation 


Flexible 
Electrode 
Switching 


Microprocessor 
Controlled 
Somatosensory 
Stimulator 


Microprocessor 
Controlled 
Amplifiers 


Microprocessor 
Controlled 
Auditory 
Stimulator 


e Comprehensive 
Capability 





NICOLET 
= BIOMEDICAL 
INSTRUMENTS 
A NICOLET INSTRUMENT DIVISION 
P.O. Box 4287 
5225-4 Verona Road 
Madison, WI 53711-0287 
(608) 273-5000/273-5001 
TWX 910-286-2711 








WHERE RESPONSIBILITY 
KEEPS PACE WITH 
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INSTITUTE 


FOR 
APPLIED LASER SURGERY Alkalol 


FIRST WORKSHOP FOR NASAL HYGIENE 


IN 
HEAD & NECK, LARYNGOLOGIC, ALKALOL is an aqueous solution 


PLASTIC AND DERMATOLOGIC Be l l 
SURGERY containing essential oils and salts. 


October 2-4, 1982 It is a mucus solvent. Used with an 


A prominent faculty composed of staff mem- ALKALOL NASAL DOUCHE 
bers of Philadelphia medical schools and hos- 


pitals in addition to visiting faculty will par- CUP it is indicated for acute 
ticipate in instruction. There will be au rhinitis, postnasal drip, chronic 
time for animal surgery with individuelized 

instruction. All various laser modalities will be sinusitis and general cleanliness. 
presented. Live surgery will be presented in 

small groups at six area hospitals. 


Registration will be strictly limited. Samples upon request 


Tuition: $850 
For further information contact: Ronald Allen THE ALKALOL COMPANY 


Kirschner, MD, Suite IL-17, 2 Bala Cynwyd i ~ 
Plaza, Bala Cynwyd, PA 19004. Taunton, Mass. 02780 
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A Conference on Otology and Neurotology 






June 2-3-4, 1983 
HYATT REGENCY SAN FRANCISCO: 


SRY ere 


E 


A | Program Director 
iy aus Rodney Perkins, MD 













Sponsored by Project HEAR 
1801 Page Mill Road 

Palo Alto, California 94304 
415/494-2000 















AUDIOg3 
Concurrent Conference 


on Audiology 
and NeuroAudiology 











CME: 24 Hours Category | “San 
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GUADALAJARA OTOLARYNGOLOGY SEMINAR 
SO 
COURSE CLINICAL NEUROTOLOGIC 
OTOLOGY, NEUROTOLOGY. UPDATE 


ASTIC 
“SURGERY OF THE FACE QUESTION THE EXPERTS 


Oct. 7-9, 1982 
Camino Real Hotel, Guadalajara October 15, 1982 


Guest Lecturers: 9 AM to 5 PM 


Prof. Horst L. Wullstein, West Germany l 
Dra. Sabrina R. Wullstein, West Germany Riverfront Hilton Hotel 


Antonio De La Cruz, MD, Los Angeles New Orleans, Louisiana 
James L. Sheehy, MD, Los Angeles 
Robert Simons, MD, Miami Tuition: $25 


Fee $110 


For further information: Jose Sanchez Gil, , , l 
MD, Justo Sierra #2081, Guadalajara, Jal., For further mrormanon contact: 
Mexico 44680, telephone: 15. 79. 59, 15. 96. Wallace Rubin, MD 
04. 3333 Kingman Street 


Metairie, LA 70002 


SIXTH BRITISH ACADEMIC CONFERENCE 
IN OTORHINOLARYNGOLOGY 


at 
University of Bristol (United Kingdom) 
July 25-29, 1983 


Distinguished international contributors will assess modern developments at formal lectures and 
panel discussions which include: 


l. Iatrogenic problems in otology, ototoxic drugs, and surgical trauma. 
2. Larynx — reconstructive techniques following laryngectomy. 
3. Otological and laryngological cuiz. 
4. Sequelae of otitis media. Significance of pneumatization. Quiet labyrinthine complications. Ad- 
hesive otitis media. Tympanosderosis. 
. Controversies in otology. Bell’s palsy. Footplate and stapedectomy. Cochlear otoscler- 
osis. Menière’s disease. Combined approach tympanoplasty. 
. Controversies in rhinolaryngology. Floor of mouth tumors. Angiofibroma. Conserva- 
tive vs radical neck dissection. Septoplasty vs SMR. 
. Epistaxis. 
Daily instruction sessions in small seminar groups, also led by international contributors, with 
wide-ranging discussion on all aspects of otolaryngology. 
Daily audiovisual programs. 
Scientific and trade exhibitions. 
Full social program arranged. 


Enrollment fee — members: £170. 


Those interested should apply to: John Schofield, Esq., FRCS, Warneford Hospital, Radford Road. Leamington Spa, War- 
wickshire, England CV31 ILU Alll 








the only triple-site action 
antihistamine/decongestant 
— 


wil RIN LIN 25. 






brand of azatadine maleate and pseudoephedrine sulfate, USP 


| Action for Action, Symptom for Symptom 
No Antihistamine/Decongestant does more 


Please see Clinicai Considerations section wi ni nf sit ; eR 
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The only antihistamineydecongestant 
with laborator y proof oftriple-site action 


1. Inhibits histamine r elease— unique added action—shown with azatadine maleate inan in vitr o model** 
2. Blocks histamine receptors to reduce r istamine response 
3. Stimulates vasoconstriction for congestion relief 


*While clinical relevance cannot be attributed directly to laboratory data, 
no other combination acts at more sites than TRINALIN. 


References: 


1. Lichtenstein, LM., and Gillespie, E.: The effects of the H, and H, antihista- 


mines on “allergic” histamine release and its inhibition by histamine, J. Phar- 
macol. Exp. Ther. 192.441, 1975. 

2. Data on file, Schering Corporation. 

3. Falliers, C.J., and Redding, M.A.: Controlled comparison of a new 
antihistamine-decongestant combination to its individual components, 
Ann. Allergy 45:75, 1980. 


Copyright © 1982, Schering Corporation. All Rights Reserved. 





Seg 


™ 







REPETABS * 


TRINALIN =<: 


(brand of azatadine maleate and pseudoephedrine sulfate, USP) 
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roof of relief of upper respiratory 
ion due to colds and allergy 


COMBINATION ks m Significantly effective in perennial allergic 


om ch. cla rhinitis over a full six weeks’ treatment? 


r: m Significant effectiveness also shown at the 
height of the allergy season in acute allergic 
rhinitis 

E Few side effects— mild to moderate drowsi- 
ness reported in some patients? 


E Convenient b.i.d. dosage 


*+Patients should be warned about engaging in activities requiring mental 
INITIAL 2ND WEEK 4TH WEEK 6TH WEEK alertness. such as driving a car or operating machinery. TRINALIN isnot tobe 
used in children under 12. 


Clinical 
conge 


o MEAN TOTAL SYMPTOM SCORES 





Mean symptom scores for 41 patients with perennial allergic rhinitis during 2x weeks 
of treatment with azatadine, pseudoephedrine and their combination in comparison 
to placebo.5 


Action for Action, Symptom for Symptom J FIN, L f 
No Antihistamine/Decongestant does more 


(orand of azatadne maleate and pseudoemednne 
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REPETABS ® 
TABLETS B.1.D. 








Please see Clinical Considerations section which follows... 


Á 
brand of azatadine maleate and pseudoephedrine 
sulfate, USP 
Long-Acting 
Antihistamine/Decongestant 
REPETABS” Tablets 


Clinical Considerations: 

INDICATIONS AND USAGE TRINALIN REPETABS 
Tablets are indicated for the relief of the symptoms of upper 
respiratory mucosal congestion in perennial and allergic 
rhinitis, and for the relief of nasal congestion and eustachian 
tube congestion. Analgesics, antibiotics, or both may be 
administered concurrently, when indicated. 


CONTRAINDICATIONS Antihistamines should not be 
used to treat lower respiratory tract symptoms, including 
asthma. 

This product is contraindicated in patients with narrow- 
angle glaucoma or urinary retention, and in patients receiv- 
ing monoamine oxidase (MAO) inhibitor therapy or within 
ten days of stopping such treatment. (See Drug Interactions 
section.) It is also contraindicated in patients with severe 
hypertension, severe coronary artery disease, hyperthyroid- 
ism, and in those who have shown hypersensitivity or 
idiosyncrasy to its components, to adrenergic agents, or to 
other drugs of similar chemical structures. Manifestations of 
patient idiosyncrasy to adrenergic agents include, insom- 
nia, dizziness, weakness, tremor, or arrhythmias. 


WARNINGS TRINALIN REPETABS Tablets should be 
used with considerable caution in patients with stenosing 
peptic ulcer, pyloroduodenal obstruction, urinary bladder 
obstruction due to symptomatic prostatic hypertrophy, or 
narrowing of the bladder neck. It should also be adminis- 
tered with caution to patients with: cardiovascular disease, 
including hypertension or ischemic heart disease; increased 
intraocular pressure (See CONTRAINDICATIONS); diabetes 
mellitus, or in patients receiving digitalis or oral 
anticoagulants. 

Central nervous system stimulation and convulsions or 
cardiovascular collapse with accompanying hypotension 
may be produced by sympathomimetics. 

Do not exceed recommended dosage. 

Use in Activities Requiring Mental Alertness: Patients 
should be warned about engaging in activities requiring 
mental alertness, such as driving a car or operating 
appliances, machinery, etc. 

Use in Patients Approximately 60 Years and Older: 
Antihistamines are more likely to cause dizziness, sedation, 
and hypotension in patients over 60 years of age. In these 
patients, sympathomimetics are also more likely to cause 
adverse reactions, such as confusion, hallucinations, con- 
vulsions, CNS depression, and death. For this reason, 
before considering the use of a repeat-action formulation, 
the safe use of a short-acting sympathomimetic in that 
particular patient should be demonstrated. 


PRECAUTIONS General: Because of the atropine-like 
action of antihistamines, this product should be used with 
caution in patients with a history of bronchial asthma. 


Drug Interactions: MAO inhibitors prolong and intensify 
the effects of antihistamines. Concomitant use of antihista- 
mines with alcohol, tricyclic antidepressants, barbiturates, 
or other central nervous system depressants may have an 
additive effect. The action of oral anticoagulants may be 
inhibited by antihistamines. 

When sympathomimetic drugs are given to patients 
receiving monoamine oxidase inhibitors, hypertensive reac- 
tions, including hypertensive crises, may occur. The antihy- 
pertensive effects of methyldopa, mecamylamine, reserpine, 
and veratrum alkaloids may be reduced by sympathomi- 
metics. Beta-adrenergic blocking agents may also interact 
with sympathomimetics. Increased ectopic pacemaker 
activity can occur when pseudoephedrine is used concomi- 





tantiy with digitalis. Antacids increase the rate of absorption 
of pseudoephecrine, while kaolin decreases it. 


Drug/Laboratory Test Interactions: The in vitro addi- 
tion of pseudcephedrine to sera containing the cardiac 
isoenzyme MB of serum creatine phosphokinase progres- 
sively inhibits the activity of the enzyme. The inhibition 
becomes compete over six hours. 


Pregnancy Category C: Retarded fetal development and 
the presence cf angulated hyoid wings were seen in the 
Offspring of pregnant rabbits administered TRINALIN at 
about 12.5 times and 5 times the recommended human 
dosage, respectively; increased resorption was noted at 
about 25 times ‘he human dosage. A decreased survival rate 
at day 21 was seen in rat pups born of mothers given 
TRINALIN during pregnancy at a dose about 12.5 times the 
human dosage There are no adequate and well-controlled 
Studies in pregnant women. TRINALIN REPETABS Tablets 
should be used during pregnancy only if the potential 
benefits to the mother justify the potential risks to the infant. 
(See Nonteratogenic Effects.) 


Nonteratogenic Effects: Antihistamines should not be 
used in the thied trimester of pregnancy, because newborns 
and premature infants may have severe reactions to them 
such as convu sions. 


Nursing Mothers: It is not known whether these drugs are 
excreted in human milk. However, certain antihistamines 
and sympathomimetics are known to be excreted in human 
milk. Because of the higher risks of antihistamines for 
infants generally and for newborns and prematures in 
particular, a de zision should be made whether to discontinue 
nursing or to ciscontinue the drug, taking into account the 
importance of ‘he drug in the mother. 

There is a report of irritability, excessive crying and 
disturbed sleeping patterns in a nursing infant whose 
mother had taken a product containing an antihistamine and 
pseudoephedr ne. 


Pediatric Use: Safety and effectiveness in children below 
the age of 12 years have not been established. 


ADVERSE REACTIONS The following adverse reac- 
tions are associated with antihistamine and sympathomi- 
metic drugs. Those adverse reactions which occur most 
frequently with the antihistamines are underlined.) 


General: Urtcaria, drug rash, anaphylactic shock, photo- 
sensitivity, excessive perspiration, chills, dryness of mouth, 
nose, and throat. 


Cardiovascular: Hypertension (see CONTRAINDICA- 
TIONS and WARNINGS), hypotension, arrhythmias and 
cardiovascular collapse, headache, palpitations, extrasys- 
toles, tachycardia, angina. 


Hematologic: Hemolytic anemia, hypoplastic anemia, 
thrombocytopenia, agranulocytosis. 


Central Nervous System: Sedation, sleepiness, dizzi- 
ness, vertigo, tinnitus, acute labyrinthitis, disturbed coordi- 
nation, fatique, mydriasis, confusion, restlessness. 
excitation, nevousness, tension, tremor, irritability, insom- 
nia, euphoria. paresthesias, blurred vision, hysteria, neu- 
ritis, convulsions, fear, anxiety, hallucinations, CNS 
depression, weakness, pallor. 


Gastrointestinal: Epigastric distress, anorexia, nausea. 
vomiting, dia rhea, constipation, abdominal cramps. 


Genitourinary: Urinary frequency, urinary retention, dys- 
uria, early menses. 


Respiratory: Thickening_of bronchial secretions, tight- 
ness of ches: and wheezing, nasal stuffiness, respiratory 
difficulty. 


DRUG ABUSE AND DEPENDENCE There is no infor- 
mation to indicate that abuse or dependency occurs with 
azatadine ma eate. 

Pseudoepredrine, like other central nervous system 
Stimulants, has been abused. At high doses, subjects 
commonly experience an elevation of mood, a sense of 
increased erergy and alertness, and decreased appetite. 
Some individuals become anxious, irritable, and loqua- 
Cious. In addition to the marked euphoria, the user experi- 








ences a sense of markedly enhanced physical strength and 
mental capacity. With continued use, tolerance develops, the 


user increases the dose, and toxic signs and symptoms 
appear. Depression may follow rapid withdrawal. 


OVERDOSAGE In the event of overdosage, emergency 
treatment should be started immediately 

Manifestations of overdosage may vary from central 
nervous system depression (sedation, apnea, diminished 
mental alertness, cyanosis, coma, cardiovascular collapse) 
to stimulation (insomnia, hallucinations, tremors. or con- 
vulsions) to death. Other signs and symptoms may be 
euphoria, excitement, tachycardia, palpitations, thirst, per- 
spiration, nausea, dizziness, tinnitus, ataxia, blurred vision, 
and hypertension or hypotension. Stimulation is particularly 
likely in children, as are atropine-like signs and symptoms 
(dry mouth; fixed, dilated pupils, flushing; hyperthermia: and 
gastrointestinal symptoms). 

In large doses sympathomimetics may give rise to 
giddiness, headache, nausea, vomiting, sweating, thirst, 
tachycardia, precordial pain, palpitations, difficulty in mic- 
turition, muscular weakness and tenseness, anxiety, rest- 
lessness, and insomnia. Many patients can present a toxic 
psychosis with delusions and hallucinations. Some may 
develop cardiac arrhythmias, circulatory collapse, convul- 
sions, coma, and respiratory failure. 

The oral LD... of the mixture of the two drugs in mature 
rats and mice was greater than 1700 mg/kg and 600 mg/kg, 
respectively. 

Treatment— The patient should be induced to vomit, 
even if emesis has occurred spontaneously. Pharmacologi- 
cally induced vomiting by the administration of ipecac syrup 
is a preferred method. However, vomiting should not be 
induced in patients with impaired consciousness. The 
action of ipecac is facilitated by physical activity and by the 
administration of eight to twelve fluid ounces cf water. It 
emesis does not occur within fifteen minutes, the dose of 
ipecac should be repeated. Precautions against aspiration 
must be taken, especially in infants and children. Following 
emesis, any drug remaining in the stomach may be 
absorbed by activated charcoal administered as a slurry with 
water. If vomiting is unsuccessful or contraindicated, gastric 
lavage should be performed. Isotonic and one-half isotonic 
Saline are the lavage solutions of choice. Saline cathartics, 
such as milk of magnesia, draw water into the bowel by 
osmosis and therefore may be valuable for their action in 
rapid dilution of bowel content. Dialysis is of little value in 
antinistamine poisoning. After emergency treatment the 
patient should continue to be medically monitored. 


Treatment of the signs and symptoms of overdosage is 
symptomatic and supportive. Stimulants (analeptic agents) 
should not be used. Vasopressors may be used to treat 
hypotension. Short-acting barbiturates, diazepam, or 
paraldehyde may be administered to control seizures. 
Hyperpyrexia, especially in children, may require treatment 
with tepid water sponge baths or a hypothermic blanket. 
Apnea is treated with ventilatory support. 


HOW SUPPLIED TRINALIN REPETABS Tablets contain 
1 mg azatadine maleate and 120 mg pseudoephedrine 
Sulfate. TRINALIN REPETABS Tablets are coral-colored. 
sugar-coated tablets branded in black with the Schering 


ER, 
trademark C of the product name (rainaun) and prod- 


uct identification numbers, 703; bottle of 100 (NDC-0085- 
0703-04). 


Store between 2° and 30°C (36° and 86°F). 
12393202 3/81 


For more complete details, consult package insert 
or Schering literature available from your Schering 
Representative or Professional Services Depart- 
ment, Schering Corporation, Kenilworth, New 
Jersey 07033. SLS-725 
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Phenol Applicator 


Bleeding can be a prob- 
lem during the myrin- 
gotomy procedure. However, 
it can be safely controlled 
using phenol solution. 

The Duberstein Phenol 
Applicator allows the sur- 
geon to place a predict- 
able amount of phenol on 
the tympanic membrane. 
A small drop of phenol 
securely clings to the 
applicator tip, which is 
shaped like a small tuning 
fork. When the tip touches 
the dried tympanic mem- 
brane, the drop of phenol 
immediately adheres to 
its surface. 

The Duberstein Phenol 
Applicator is also ebo- 
nized to reduce glare. 


“Myringotomy Without 
Bleeding,” Larry E. Duberstein, 
M.D., Associate Professor, 
Department of Otolaryngology 
and Maxillofacial Surgery, 
University of Tennessee Center 
for Health Sciences, presented 
to the American Academy of 
Otorhinolaryngology. 
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Catalan ENT Society 


12th INTERNATIONAL COURSE OF 
OTOLARYNGOLOGY 


THE EUSTACHIAN TUBE 
November 22-24, 1982 
Barcelona 






All aspects of the eustachian tube will be 
considered, from embryology to medical and 
surgical treatment of its diseases. The material 
will be presented through lectures, discus- 
sions, films, and TV color surgery. 


Guest speakers: Drs. Portmann (France), 
Holmquist (Sweden), Smyth (Northern Ire- 
land), Poch, Broto, Traserra, Domenech, 
Ruano, and Cardesa (Spain). 


Registration fee: $250 


For further information contact: 
J. Oliveras, MD, Secretary 
Pl. Eusebio Guell 12-13 
Barcelona 34, Spain. 





TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 


Malcolm D. Graham, MD, Course Director 


Sept. 20-24, 1982; Nov. 8-12, 1982: 
Jan. 10-14, 1983; March 14-18, 1983: 
May 9-13, 1983; June 13-17, 1983: 
Sept. 26-30, 1983; Nov. 14-18, 1983 


Intensive one-week courses emphasize the surgical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otologic 
surgeon, utilizing lectures, videotape presentations 
of surgical techniques and temporal bone dissection. 


Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experierce in 
both temporal bone anatomy and surgical tech- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, blending basic 
science and clinical otologic instruction. Dissection 
instruments will be provided. 


FEE — $1000 


90 Hours Category I CME Credits 


For further information contact: Malcolm D. 
Graham, MD, Dept. of Otorhinolaryngology. Uni- 


versity of Michigan Medical Center, Ann Arbor, MI 
48109, (313) 764-4131 or (313) 764-8110. A45 
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Minneapolis 
The city of lakes... 
and hearing aid manufacturing 


If visiting or vacationing in our area ... you are 
invited to visit Starkey. 
It's you we are working for and with ... 


Our doors, hearts and minds are always open, 
as communication is the essence of a working 


relationship. 


Klar hey fatorutlortes 


pre NHAS Open House, Wednesday, Sept. 22, 1982 


Starkey Canada ® Starkey U.K. @ Starkey France ® Starkey Germany (Willco) 
Starkey U.S. @ 6700 Washington Ave. So., Eden Prairie, MN 55344 @ 800-328-8602 
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CORTISPORIN 





Otic Solution sterile 


 (POLYMYXIN B-NEOMYCIN- 
HYDROCORTISONE) 





Otic Suspension sterile 
(POLYMYXIN B-NEOMYCIN- 
HYDROCORTISONE) 





Economical broad-spectrum bactericidal 


CORTISPORIN”® OTIC SUSPENSION Sterile (Polymyxin B-Neomycin-Hydro- 
cortisone) 
DESCRIPTION Each cc contains: 


Aerosporin® (Polymyxin B Sulfate) . 1),000 units 
Neomycin sulfate (equivalent to 3.5 mg neomycin base) 5 mg 
Hydrocortisone... 10 mg (1%) 


The vehicle contains the inactive ingredients cetyl alcohol, propyEne glycol, 
polysorbate 80, water for injection and thimerosal (preservative) 0.0 % 
INDICATIONS: For the treatment of superficial bacterial infections of the ex- 
ternal auditory canal caused by organisms susceptible to the action of the anti- 
biotics, and for the treatment of infections of mastoidectomy and fenestration 
cavities caused by organisms susceptible to the antibiotics. 

PRECAUTIONS: This drug should be used with care in cases of perforated 
eardrum and in long-standing cases of chronic otitis media because cf the possi- 
bility of ototoxicity caused by neomycin. 

CORTISPORIN® OTIC SOLUTION Sterile (Polymyxin B-Neomycin-Hydsocortisone) 
DESCRIPTION: Each cc contains: 


Aerosporin® (Polymyxin B Sulfate). 1),000 units 

Neomycin sulfate............... re 5 mg 
(equivalent to 3.5 mg neomycin base) 

Hydrocortisone 10 mg (1%) 


The vehicle contains the inactive ingredients cupric sulfate, glycerin, hydro- 
chloric acid, propylene glycol, water for injection and potassium ms=tabisulfite 
(preservative) 0.1%. 

INDICATIONS: For the treatment of superficial bacterial infections of Ne external 
auditory canal caused by organisms susceptible to the action of the antibiotics. 
PRECAUTIONS: This drug should be used with care when 
the integrity of the tympanic membrane is in question be- 
cause of the possibility of ototoxicity caused by neomycin. - 
ADVERSE REACTIONS: Stinging and burning have been heal 
reported when this drug has gained access to the middle ear Z 
ellcome 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 


CONTRAINDICATIONS, WARNINGS, PRECAUTIONS AND 
ADVERSE REACTIONS COMMON TO BOTH PRODUCTS 
CONTRAINDICATIONS: These products are contraindicated in those individuals 
who have shown hypersensitivity to any of the components, and in herpes 
simplex, vaccinia and varicella. 
WARNINGS: As with other antibiotic preparations, prolonged treatment may 
result in overgrowth of nonsusceptible organisms and fungi. If the infection is 
not improved after one week, cultures and susceptibility tests should be repeated 
to verify the identity of the organism and to determine whether therapy should 
be changed 

When using neomycin-containing products to control secondary infection in the 
chronic dermatoses, such asc ronic otitis externa, it should be borne in mind that 
the skin in these conditions is more liable than is normal skin to become sensitized 
to many substances, including neomycin. The manifestation of sensitization to 
neomycin is usually a low grade reddening with swelling, dry scaling and itching; 
it may be manifest simply as a failure to heal. During long-term use of neomycin- 
containing products, periodic examination for such signs is advisable and the 
patient should be told to discontinue the product if they are observed. These 
symptoms regress quickly on withdrawing the medication. Neomycin-containing 
applications should be avoided for that patient thereafter 
PRECAUTIONS: If sensitization or irritation occurs, medication should be dis- 
continued promptly. Patients who prefer to warm the medication before using 
should be cautioned against heating the solution above body temperature, in 
order to avoid loss of potency 

Treatment should not be continued for longer than ten days. Allergic cross- 
reactions may occur which could prevent the use of any or all of the following 
antibiotics for the treatment of future infections: kanamycin, 
paromomycin, streptomycin, and possibly gentamicin 
ADVERSE REACTIONS: Neomycin is a not uncommon 
cutaneous sensitizer. There are articles in the current litera- 
ture that indicate an increase in the prevalence of persons 
sensitive to neomycin. 
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MICROCRYPT EXTENSIONS OF TONSILLAR CRYPTS 


SHOICHI MAEDA, MD 


OITA, JAPAN 


Goro MoGI, MD 


OITA, JAPAN 


MoTow OH, MD 


UBE, JAPAN 


The crypts of human palatine tonsils were examined electron microscopically. The cryptal epithelia contained three types of 
micropores (termed microcrypt). Type I microcrypts #pened between intercellular spaces of the epithelial cells. Free cells were observed in 
the micropores. Type II microcrypts opened near the center of a cryptal epithelial cell. Type III microcrypts appeared after “specialized 
epithelial cells” degenerated and fell off. Many mature plasma cells are attached to the walls of the sinusoidal vessels in the lower boundary 
zone of the epithelium and subepithelial layer. Lymphocytes were observed migrating from the postcapillary venules of the subepithelial 
zone. The findings indicate that the microcrypts are probably orifices for tunnel-like passages of free cells and that they are located in the 
walls of the tonsillar crypts. The lymphocytes in the passages perhaps come from lymphoid tissues in the subepithelial layer and 
postcapillary venules, and the antibodies produced in the cryptal epithelia of the palatine tonsils may contribute to humoral immunity. 


INTRODUCTION 


The human palatine tonsil has 10 to 20 board-like 
or tubular crypts that penetrate deeply into the 
parenchyma. The organ has a widespread surface 
and receives antigenic stimulation from the external 
environment. 


Recent studies have demonstrated that the pala- 
tine tonsil has the function of both antibody pro- 
duction and cell-mediated immunity.'* Although it 
produces all five immunoglobulin classes, Schmedtje 
and Batts’ and Mogi®* reported that the cryptal 
epithelium did not produce secretory IgA. Secretory 
IgA blocks the adherence of certain bacteria to the 
mucosal surface.’ It is a well accepted finding that 
bacilli, as well as cell debris and food particles, are 
present in the cryptal lumens of normal and inflamed 
tonsils. The cryptal epithelium may not be similar 
to the defense wall of the oral cavity anc pharyn- 
geal space, and it may also differ in function from 
the upper respiratory tract mucosa. 


Recent SEM studies**'' have demonstrated the 
presence of micropores on the cryptal epithelia of 
palatine tonsils. However, the exact function of the 
micropores is obscure, and the present study was 
designed to clarify the functional morphology of 
tonsillar crypts. 


MATERIALS AND METHODS 


Forty-two palatine tonsils were obtained from 21 patients, 5 to 
15 years of age, who underwent tonsillectomy because of recur- 
rent tonsillitis or hypertrophy. The samples were immediately 
rinsed with cold saline and placed in buffered 2.5% glutaralde- 
hyde. They were trimmed under a dissecting micrescope, and 
split through the crypts for scanning electron microscapy. The ad- 
jacent areas were trimmed to small blocks for transraission elec- 
tron microscopy. The specimens were fixed in cold fresh buffered 
2.5% glutaraldehyde for 2 to 3 hours, thoroughly rimsed in cold 


Japan. 


0.1 M cacodylate buffer at pH 7.4, and then fixed with cold 1% 
osmiu: tetroxide for 1 to 2 hours. The specimens were dehy- 
dratec in graded ethanol to 100% , and then dried by the critical 
point method using liquid carbon dioxide as transitional fluid. 
Some dehydrated specimens were embedded and stored in Epon 
812 (Shell Chemical Co, New York), and cryofractured in liquid 
nitrogen. After four washings with propylene oxide in one hour, 
the specimens were placed in acetone and dried by the critical 
point method. Then they were sputter-coated with gold and ex- 
amined under SEM (Mcdel JSM-F7 [SEM] JEOL Ltd, Tokyo). 
Transmission electron microscopic specimens embedded in Epon 
812 were cut with a microtome (Model MT-1, Nissei Industrial 
Co, Tekyo). The ultrathin sections were stained with uranyl ace- 
tate aud lead citrate, and examined (Model JEM 100B, JEOL 
Ltd). Immunofluorescent studies were carried out as prevously 
reported.‘ 





Fig. 1. Lower scanning electron micrograph of a tonsillar 
crypt from a cryofractured tissue surface. 4 - Primary 
crypt; G - Germinal center. (x 430) 


From the Department of Otolaryngology, Medical College of Oita: and the Department of Anatomy, Yamaguchi University School of Medicine, Ube, 
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Fig. 2. Transmission electron micrograph showing infiltrating cells in the intercellular space of the crypt epithelium. A) GR - 
Granulocyte. (x 6,150) B) L - Lymphocyte. (x 6,890) C) P - Plasma cell. (x 9,600) D) Macrophage contains undigestible resi- 
dues of phagocytized material. Single arrow - Phe gocytized material. Double arrow - Nucleus of the macrophage. (x 8,270) 


RESULTS 


Cryptal Lumen and Epithelium of the Pclatine 
Tonsil. The external surface facing the oropharynx 
was covered by stratified squamous epithelium with 
numerous microridges. Crypts penetrated and 
branched deeply into the lymphoid tissue of the ton- 
sils, widening the surface to the external environ- 
ment. Figure 1 shows a scanning electron nicro- 
graph of the cryptal entrance exposed in cryofrac- 


ture. The free surface formed furrows running 
along the edge of the cryptal entrance. 


The cryptal epithelium consisted of flat and poly- 
gonal cells with many microridges on the surface, 
arranged in a cobblestone pattern. There were 
many infiltrating cells in the cryptal epithelial 
layer, but cell identification was difficult under 
SEM. Under transmission electron micrograph 


Fig. 3. Scanning electron micrographs of the cryptal epithelial surface showing the three types of microcrypts. A) Type I at a 
cellular junction of the cryptal epithelium and a rc iad cell with microvilli in the microcrypt. (x 8,330) B) Type II is a micro- 
pore opening near the center of a squamous epithelial cell and a round cell with microvilli in the microcrypt. (x 7,500) C) A 
smooth round cell in type II microcrypt. (x 8,300. D) Type II microcrypt opening near the center of a squamous epithelial 
cell. (x 10,000) E) Low power view he aie III c pening in the crypt. (x 700) F) High power view of picture E (rectangle), 


showing a ciliated cell and nonciliated cel 


s with microvilli. (x 4.800) 
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Fig. 4. Scanning electron micrographs showing the varying functional stages of type III microcrypt. A) Type III microcrypt 
appears after degeneration of a specialized ae elial cell (arrow). (x 3,200) x Some infiltrating cells (IC) projecting through 


the space between a specialized epithelial ce 


l and adjacent cryptal epithelia 


cell. (x 5,630) C) Fractured surface of special- 


ized epithelial cells with microvilli En and adjacent cryptal epithelial cells. Note the loose intercellular junction. (x 2,500) 


D) Clusters of infiltrating cells (IC) just 


(TEM), these cells are granulocytes, lymphocytes, 
plasma cells and macrophages (Fig. 2). 


On the surfaces of the cryptal epithelia, small 
pores 1-50 „m in diameter were observed. The 
shape and size of the micropores varied. The reason 
for using the term microcrypts will be stated in the 
Discussion. These microcrypts were classified into 
three types. Type I microcrypt is usually 5-15 pm in 
diameter, and opens tunnel-like passages between 
epithelial cell junctions (Fig. 3A). Round cells with 
microvilli, perhaps wandering cells, are often seen 
in the microcrypt. Type I microcrypt is the most 
common type of microcrypt. Type II microcrypt is 


yeneath the specialized epithelial cells. (x 3,000) 


1-6 „m in diameter and opens near the center of a 
cryptal epithelial cell (Fig. 3B-D). In the micro- 
crypt, two kinds of round cells were often seen. One 
is a round cell with villous surface (Fig. 3B), and 
the other with smooth surface (Fig. 3C). Figure 3D 
shows a micropore of type II opening near the cen- 
ter of a squamous epithelial cell. Type III micro- 
crypt is between ordinary epithelial cells with mi- 
croridges and “plugging” epithelial cells which are 
usually respiratory type cells (Fig. 3E, F). When a 
plugging cell falls off, a pore appears (Fig. 4A). The 
plugging cells were termed “specialized” epithelial 
cells, since they are interspersed as different type 
epithelial cells among the ordinary epithelial cells of 
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Fig. 5. SEM view of a vertically fractured face of the cryptal epithelium showing a mode of epithelial pas- 
sage of lymphoid cells in the lower bouadary zone. A) Low power view. (x 2,100) B) High power view of 


box in A. (x 14,000) 


palatine tonsils. The size of the type III microcrypts 
was larger than that of the other two. Figure 4B 
shows some round cells with smooth or villous sur- 
face protruding to the cryptal lumen from the epi- 
thelial tunnel-like passage between the specialized 
epithelial cells and squamous epithelial cells sur- 
rounding the microcrypt. Figure 4C shows a cryo- 
fractured surface of the specialized epithelial cells 
with microvilli. A cluster of lymphoid cells is seen 
under the specialized cells (Fig. 4D). In the lower 
zone of the crypt epithelial layer, the epithelial 
tunnel-like passages are present with infiltrating 
lymphoid cells (Fig. 5). The wall of these tunnel- 
like passages consisted of squamous type epithelial 
cells. 


Blocd Vessels of the Cryptal Epithelium of Pala- 
tine Tonsil. Two kinds of blood vessel were seen 
under TEM. One was a sinusoidal blood vessel. Fig- 
ure 6 shows a cluster of plasma cells in contact with 
the wall of a sinusoidal vessel in the cryptal epithe- 
lial, subepithelial and interfollicular areas. Many 
plasme cells close to the vessel wall contained di- 
lated cisternae of rough endoplasmic reticulum with 
much homogenous substance. An electron-dense sub- 
stance was seen in the intercellular spaces between 
the endothelial cells and basal lamina. Immuno- 
fluorescent technique reveals many immunoglobu- 
lin (usually IgG and IgA)-containing cells in the 
crypt epithelium, accumulating around sinusoidal 
vessels ‘Fig. 7). 
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The other type of vessel was the postcapillary 
venule which was often located in the lower bound. 
ary zone of the epithelium and interfollicular zone. 
This venule was characterized by high endothelial 
cells and migrating small lymphocytes. Figure 8 
shows a migrating hourglass-shaped lymphocyte be- 
tween endothelial cells of the postcapillary venule. 


DISCUSSION 


Lenz'' in 1971 first reported the exis-ence of 
micropores on the cryptal epithelium of human pal- 
atine tonsils and used the term “ultrakrypte.” 
Kodama and Hoshino,* Mogi and Maeda’ and 
Kawabata'’ then demonstrated micropores on hu- 





Fig. 7. IgA-containing cells in the lower boundary zone of 
cryptal epithelium, aggregated near the small vesules. (x 
260) 


Fig. 6. TEM photograph showing plasma 
cells in contact with a small venule wall in 
the lower boundary zone of the cryptal epi- 
thelium. (x 8,600) Insert) A plasma cell in 
contact with basal lamina. (x 13 200) P - Plas- 
ma cell; E - Endothelium; rER -Rough endo- 
plasmic reticulum. 


man tonsillar crypts. Kawabata used the term 
“crypt epithelial micropore” and a 2-type classifica- 
tion. His type I pore was deep on the enlarged in- 
tercellular area in the cryptal epithelium. Kawa- 
bata suggested that his type I pore served as an en- 
trance for passage of wandering cells. His type II 
pore was round, 10-20 um in diameter and rela- 
tively shallow. The function of the type II pore was 
unclear. 
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Fig. 8. TEM view of postcapillary venule immediately be- 
neath the cryptal epithelium. Lymphocyte (L), shaped as 
an hourglass in the intercellular space of the endothelia, is 
migrating through the postcapillary venule wall to the pa- 
renchyma. (x 2 670) 
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Fig. 9. Immune response of tonsil. Schematic illustrations of the micrecrypts of the palatine tonsil. Type I microcrypt 
(Mc-I) opens at a junction of epithelial cells. Type I microcrypt (Mc-|I) opens near the center of a flat epithelial cell. 
Tvpe III microcrypt (Mc-III) usually opens between goa epithelial cells and the adjacent ordinary cryptal epithe- 


lial cells of the tonsil. When these plugging cells fall of 


, a pore appears. Microcrypts are orifices of tunnel-like passages for 


wandering cells. Lower diagram shows circulating lymphoid cells from posteapillary venules and germinal centers. 
T - Tonsil; H - Heart; Cr - Crypt; Mc - sips ees * Ep - Epithelium; G - Germinal center; PCV - Postcapillary venule; 


EL - Efferent lymphatic; TD - Thoracic duct: 


Our results indicate that microcrypts can be di- 
vided into three types. Figure 9 illustrates the three 
types of microcrypts. Type I microcrypt is a wid- 
ened intercellular space between epithelial cells, 
continuing to a tunnel-like passage which pene- 
trated deeply to the subepithelial area. The diam- 
eter of this type microcrypt was between 5-15 pm. 
The wall of the tunnel-like passage was composed of 
epithelial cells, and wandering cells were often 
found in the passages. Under TEM these wandering 
cells were seen to be lymphocytes, macrophages, 
granulocytes and plasma cells. Sometimes infiltrat- 
ing cells protruded to the cryptal lumen from the 
microcrypt. Our type I microcrypt is probably the 
same as Kawabata’s type I crypt epithelial micro- 
pore. Our findings support his suggestion that the 
pore is an orifice for intraepithelial passages of wan- 
dering cells. Our type II microcrypts, 1-6 um in di- 
ameter, were found near the center of flat epithelial 
cells. These microcrypts are different from Kawa- 
bata’s type II in their size and localization in the 
epithelia. Moreover, our study here revealed a few 
free cells with a villous surface and a smooth surface 
in type II microcrypts, although their incidence was 
rare. Type II microcrypts are probably also pas- 


- Antigen; W - Antibody. 


sages for free cells. Type III microcrypts were 
larger. and in the normal state plugged by a special- 
ized epithelial cell with microvilli and cilia which 
differed from the ordinary squamous epithelial cells 
of the tonsil. Type HI microcrypts appeared after 
the epithelial cells fell off. In inflamed tonsils the 
falling off was remarkable. These epithelial cells 
seemed to be ciliated or nonciliated cells with mi- 
crovilli on the surface (Fig. 3 E, F). Our specialized 
epithelial cells are similar to the “crypt epithelial 
plug” ef Kawabata," “M-cell” of Owen and Jones™ 
and Owen and Nemanic’ and the “special epithel- 
cell” of Törö and Olah.'® Owen and Nemanic’? 
reported that M-cells were commonly present in 
lymphoepithelial organs, such as Peyer patch, ap- 
pendix and tonsil, and suggested that M-cells en- 
hanced the trapping and uptake of antigenic and 
particular substances. Olah et al” and Williams 
and Rowland, using horseradish peroxidase or In- 
dia ink as a tracer, demonstrated that M-cells trans- 
port antigens to lymphocytes through the tubulo- 
vesicular system. Our study did not investigate 
these aspects of specialized epithelial cells; how- 
ever, as wandering cells were occasionally seen be- 
tween the specialized cells and squamous epithelial 
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cells surrounding the type III microcrypt, this mi- 
crocrypt probably is an opening for a passage that 
induces wandering cells. 


Although there are various types of microcrypts, 
we would consider all of them orifices with tunnel- 
like passages for wandering cells. As the walls of the 
passages are made of squamous epithelial cells, the 
passages are the terminal portions of the tonsillar 
crypt. Therefore, we called these micropores micro- 
crypts. Microcrypts are usually found on the cryptal 
epithelium, which forms a network of intercellular 
spaces called the reticular area. This area is ac- 
corded to the epithelium covering the cap zone of 
the lymph follicles. Lymph follicles appear upon ex- 
ogenous antigenic stimulation. Such secondary fol- 
licles are formed after antigenic stimulation. Mi- 
crocrypts have not been observed in fetal tonsils. 
Kodama and Hoshino’ suggested that lymphoid 
cells approach the cryptal lumens from the lym- 
phoid tissue directly through these microcryptal 
tunnels. Although we did not observe direct connec- 
tions between microcrypts and lymphoid tissues, 
particularly in the cap zone, it appears reasonable 
to assume that lymphoid cells, as well as other wan- 
dering cells in the microcrypts, are from the subepi- 
thelial lymphoid tissue. 


The present investigation found postcapillary 
venules in the interfollicular zone and lower bound- 
ary zone of the cryptal epithelium. The postcapil- 
lary venules are characterized by high endothelial 
cells, and occasionally small lymphocytes migrated 
between the endothelial cells (Fig. 8). Since the 
postcapillary venule is a route for lymphoid cells to 
move from general circulation to the lymphoid or- 
gans,'” our finding suggests that some lymphocytes 


in microcrypts are derived from the general circula- 
tion. 


It was also noted that many mature plasma cells 
with dilated cisternae of rough endoplasmic reticu- 
lum with homogenous substance were attached to 
the walls of the sinusoidal vessels in the lower 
boundary region of the cryptal epithelia (Fig. 6). 
This suggests that plasma cells secreted substances 
into the sinusoidal lumen. Our fluorescent in- 
vestigation showed accumulations of IgG- 
containing and IgA-containing cells around sinus- 
oidal vessels. The antibodies produced in the cryp- 
tal epithelia of the palatine tonsils may contribute 
to systemic humoral immunity. 


The exact role of the microcrypts is still not deter- 
mined. Moreover, the difference in function be- 
tween these three microcrypts remains unclear, 
even though morphologically they differ from each 
other. However, since the present study showed 
that all of the microcrypts are orifices, which open 
to cryptal lumens, with tunnel-like passages for 
wandering cells, it would be assumed that lym- 
phocytes (or macrophages), which come from the 
subepithelial lymphoid tissue or general circulation 
via postcapillary venules, contact exogenous an- 
tigens in the crypt and that after the antigen- 
trapping the lymphocytes go back to the subepithe- 
lial tissue or general circulation or lodge in the in- 
traepithelial layer. However, the going back of the 
lymphocytes is yet to be proven. The palatine tonsil 
positively receives exogenous antigens and con- 
tributes to the development of systemic immunity 
rather than protects the host mechanically against 
foreign invasions.’ The microcrypts are beneficial 
to this function of the tonsil. 
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ENDOTRACHEAL ARTIFICIAL LARYNX 


An endotracheal artificial larynx, capable of performing basic laryngeal functions, has been developed. 
Placed in laryngectomized dogs, in whom a large tracheopharyngeal fistula has been created, it is effective in 
acting as a laryngeal sphincter, thereby preventing aspiration It provides an adequate and satisfactory nor- 
mal airway. In laboratory bench studies it is shown to be capa le of producing sound. Tissue studies show no 
untoward reaction from its long-term use in dogs. 
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RATIONALE AND SURGICAL TECHNIQUE FOR THE 
ENDOTRACHEAL ARTIFICIAL LARYNX 


Vijay S. DAYAL, MB, FRCS(C) 


The incidence of laryngeal cancer has been 
estimated at 1 per 100,000 population.’ Laryngeal 
cancer is treated by surgery, radiation or a com- 
bination of both. Many of those undergoing 
laryngectomy will have satisfactory vocal 
rehabilitation. 


Esophageal speech is poor at best in comparison 
to natural human speech. Vocal rhythm is inferior 
because of the necessarily small air reservcir. Con- 
sonants cannot be enunciated well because an un- 
vocalized airstream cannot be produced. The tech- 
nique, furthermore, is often difficult or impossible 
to learn for a given patient. Approximately one 
third of patients in all cannot learn the technique.’ 
Fistula speech has superior vocal rhythm, but voice 
quality is generally poor as in esophageal speech.* 
This is a result of the unphysiologic nature of the 
vibrator, which may be the cricopharyngeal mus- 
cle, the base of the tongue, or the hypopharyngeal 
soft tissue. Many patients suffer from salivary 
leakage, and the necessary surgery often cannot be 
performed because of prior irradiation.° External 
electrolarynxes may be used with little «raining; 
however, they require the use of one hand, are 
cosmetically poor, and the resulting speech they 
produce is inferior to other modes of artificial voice 
production.*°’ 


Our aim is to replace the surgically removed lar- 
ynx with a device to be situated in the position of 
the original larynx and that can reproduce most of 
the functions of the original organ: low resistance to 
airflow, voice, cough, and the prevention of aspira- 
tion. Figures 1 and 2 show the intended position of 
the device in humans. The surgery includes the cre- 
ation of a large diameter fistula between the trachea 
and the pharynx using the rigidity of the upper 
tracheal rings to maintain patency. The device will 
be easily inserted and removed through a conven- 
tional tracheostomy situated below the level of the 
anastomosis. This article describes the surgical 
results obtained from experimental canine prepara- 
tions. The design, evaluation, and power pack for 
the artificial larynx will be discussed in the follow- 
ing article. 


PRINCIPLES 
The present approach is based on the fistula 


~- 
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methcd; ie, a large tracheoesophageal fistula fol- 
lowinz removal of the larynx. An electromechani- 
cally activated laryngeal device (US Patent 
4274152) has been developed (described in detail in 
this supplement; a brief preliminary report has been 
publi. hed’) which in dogs effectively prevents aspir- 
ation into the trachea. 


Ou- approach is based on simple and well-known 
physielogical facts. It is known that during the sec- 
ond phase of swallowing the tongue moves up and 
the laryngeal glottis closes to prevent aspiration of 
food m the tracheobronchial tree. Other activities 
such zs the elevation of the larynx and movements 
of the epiglottis and the aryepiglottic fold also help 
in preventing aspiration, but the critical and essen- 
tial movements are the movement of the vocal cords 
and tae closure of the glottis. 


Ou- device performs this function by actively 
blockmg the passage to the trachea when it detects 
that < swallow has occurred. A number of events 
occur during this second phase of swallowing, eg, 
muscE movement in the tongue, movement of the 
hyoid bone, and increase in pharyngeal pressure. 
Any cf these can be detected and used to trigger 
closure of a laryngeal device (sitting on top of a 
tracheopharyngeal fistula) and thereby prevent 
aspiretion. We have considered several detection 
techn ques. Muscle contraction in the tongue dur- 
ing the second phase of swallowing generates motor 
unit potentials that can be detected and used to trig- 
ger closure of the laryngeal device. 


Likewise, movement of the hyoid bone (as it rises 
durins swallowing) can be detected by an electro- 
magn=t attached to it, and this displacement can 
also be used to trigger closure of a laryngeal device. 
We have experimented with both of these methods 
of dewection but have chosen the following, more 
direct, method instead. We use a pressure transduc- 
er as the trigger for closure. It is placed so the 
leadixg edge of the food bolus hits it and enables the 
closure of the device. Details are described in the 
following article. 


Diferent theories ascribe to the vocal cords both 
an act#ve and a passive role in voice production. It is 
clinically known that in patients with paralyzed 
vocal cords (positioned in the midline) the voice is 
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Fig. 1. A-C) Intended position of artificial larynx. 


almost unaffected. Based on this, passive v_brators 
have been used in this device for voice production 
(described in detail in the final article in this supple- 
ment. 


Another important consideration in the develop- 
ment of this device has been that it should not be 
permanently in the tissues because of the rejection 
which commonly occurs with implants in this area. 
Therefore, a device that is removable, muca like a 
tracheotomy tube, has been developed. In experi- 
mental animals the surgical procedure was d2signed 
with these facts in mind. 


Because the device is active, close attenticn must 
be paid to the design of a portable power source for 
its activation. These matters are discussed in this 
supplement in the paper on actuation of th> endo- 
tracheal artificial larynx. The article on evaluation 
of the endotracheal artificial larynx deals with the 
evaluation of the sphincter and respiratory func- 
tions of a prototype system, without the power of 
vocalization, in dogs. The final article in the series 
deals with the sound source. This article describes 
in detail the surgical results obtained from ex- 
perimental canine preparations. 


SURGICAL PROCEDURE 


The experimental animals chosen were 20-kg 
mongrel dogs. These animals have similar anatomy 
to the human in the region of the laryax and 


Tracheostoma 


Fig. 2. Artificial larynx with power pack as planned for 
patient use. 


pharynx; the tracheal size is similar to human size; 
furthermore, timing of swallowing motions is simi- 
lar to that of the human.’ Experimentation on acute 
preparations established the surgical anatomy and 
feasibility of the operation. The trachea was found 
to be mobile to the same degree as the human 
trachea and could be pulled cephalad 4 to 5 cm 
without undue tension. 


Initially the surgical plan was to perform the pro- 
cedure in two stages: the first stage to remove the 
larynx, repair the pharynx, and create a tracheos- 
tomy, with the opening in the anterior wall of the 
trachea three or four cartilaginous rings below the 
upper edge; the second stage to anastomose the up- 
per end of the trachea to the anterior pharyngeal 
wall. Three dogs were operated on in this way. One 
died postoperatively after the first stage. In the 
other two dogs at the time of the second stage, per- 
formed two weeks after the initial operation, there 
was considerable fibrosis; some difficulty in 
mobilizing the trachea and moving it upward was 
encountered. To prevent aspiration after the second 
stage, a dummy larynx was inserted through the 
tracheostomy at the time of surgery. This device 
had the same shape as the artificial larynx, with the 
vertical lumen obliterated to prevent the passage of 
food, water, and saliva. 


Breathing occurred via the horizontal limb of the 
device (see following article). Radiographic ex- 
amination of the surgical area was performed eight 
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and nine days after the second operation in the two 
animals. Healing appeared to be adequate, al- 
though the area of the anastomosis was somewhat 
narrowed. One dog died 22 days postoperatively of 
asphyxia caused by a mucus plug in its dummy 
larynx. At postmortem examination there was 
marked narrowing of the anastomosis. The surgical 
area of the remaining dog was examined with a 
rigid bronchoscope 21 days postoperatively. The 
fistula between the trachea and pharynx was 2 to 3 
mm in diameter. By 61 days postoperatively the 
fistula had narrowed to such an extent thet the dog 
could not breathe through it when its tracheostomy 
was plugged. The fistula could not be demonstrated 
radiographically with contrast material, amd on day 
72 the dog was sacrificed. Narrow probe patency 
was demonstrated. 


Because of this experience a decision was made to 
attempt the entire procedure in one operation. 


Fig. 3. A) Mobilized trachea anastomosed to pharynx follow- 
ing laryngectomy. B) Preparation of window in trachea with 
creation of tracheopharyngeal fistula continued. C) Remain- 
ing pharyngeal defect c.osed in a straight line. 
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After performing a conventional laryngectomy the 
trachea was mobilized and anastomosed to the 
pharynx using chromic gut suture, taking particular 
care that the sutures did not penetrate the mucosa 
(Fig. 3A). 


A window was then cut into the anterior portion 
of the trachea for the tracheostomy (Fig. 3B). Three 
tracheal rings were left intact between the window 
and the anastomosis; the window was two tracheal 
rings long. The remaining line pharyngeal defect 
was closed in a line anterior te 1e anastomosis (Fig. 
3C). A Penrose drain was left in for four days. Pro- 
caine penicillin was adminiscered intramuscularly 
for seven days postoperatively. To allow eating 
witheut aspiration, dummy valves that had been 
gas-autoclaved were inserted after the operation. 
Seven dogs were operated on in this way. Of the 
first four, one survived for 112 days and was used 
for multiple evaluations. The fistula remained 
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widely patent until the dog died of asphyxia secon- 
dary to mucus plugging. Autopsy showed a perfect- 
ly satistactory anastomosis with only mild narrow- 
ing, which was acceptable for the purpose of insert- 
ing the artificial larynx. Three of the first four died 
within a week of surgery. All had breakdcwn of 
suture lines in the pharynx and two had asscciated 
purulent infection of their wounds. Once these 
complications had occurred in the dogs, it was dif- 
ficult to maintain hydration and nutrition, and the 
dogs had to be sacrificed. 


With this in mind, a nasogastric tube was in- 
serted into the fifth animal at the time of surgery 
and sutured in place at the nose. This allowed food 
and water to be given without the dog having to 
swallow. This dog died 11 days postoperatively of 
mucus plugging of its dummy. Autopsy showed de- 
hiscence of the anterior half of the pharyngeal anas- 
tomosis, as well as of the pharyngeal closure. 


As a result of this early experience, it was felt that 
the immediate placement of a dummy larynx into 
the trachea, with its cuff pressing on the suture line, 
may have impeded healing and caused early dehis- 
cence of the anastomosis. The next two dogs oper- 
ated on had Portex tracheostomy tubes inserted 
downward into their tracheas at the time of 
surgery. The placement of dummy larynges was de- 
layed until 14 days postoperatively. Each dog 
turned out to be a long-term survivor, one dying 79 
days postoperatively, the other at 386 days, both 
dogs dying of asphyxia secondary to mucus plug- 
ging. Autopsy performed on these animals revealed 
an intact anastomosis with minimal inflammation 
of the tracheal mucosa adjacent to the pneumatic 
cuff of the artificial larynx. 


The majority of the problems we encountered in 
the experimental preparations were related to the 
difficulty of nursing uncooperative dogs. Mainte- 
nance of hydration with intravenous fluid was vir- 
tually impossible during the early postoperative 
period, and it was necessary to feed these dogs with 
both food and liquid through nasogastric tubes. On 
occasion these tubes were pulled out by the dogs, 
and it was difficult to reinsert them withou- some 
degree of trauma to the surgical area. To reduce 
drying of mucus a humidifier was kept running in 
the rooms housing the dogs. All but one of our long- 
term survivors died of mucus plugging of their tra- 


cheostomies; the last one was sacrificed one year 
and ten months postoperatively for tissue studies. 
That animal cages are not continuously supervised 
for the 24 hours in the day, we believe, was the 
main reason for accumulation of dry mucus and 
mucus plugging. In humans this would not be a 
problem; early mucus plugging could be relieved by 
the patients after temporarily removing the device. 


CONCLUSION 


A satisfactory surgical technique has been devised 
to create the necessary anatomic relationships for 
the insertion of an engineered endotracheal artifi- 
cial larynx. We have gained experience with post- 
operative care. Satisfactory healing occurred in 
three out of four dogs fed via nasogastric tube for 14 
days postoperatively, with conventional cuffed 
tracheostomy tube for airway protection. We an- 
ticipate using a similar regimen when similar 
surgery is performed on humans, 


Autopsies performed on four dogs revealed that 
the tracheopharyngeal fistula remained wide open 
for prolonged periods after surgery. A fifth dog was 
sacrificed 22 months postoperatively for studies. It 
had a wide open fistula with no evidence of stenosis. 
Clearly the goal of maintaining a patent anastomo- 
sis has been achieved. Barium swallows, chest x-ray 
studies, and tissue examinations are discussed under 
the paper on evaluation of the endotracheal artifi- 
cial larynx. 


This surgical technique and device will be ap- 
plied in a few carefully selected human subjects to 
determine its more general applicability. Interested 
and motivated patients will be selected from the fol- 
lowing two groups: 1) patients who have had con- 
ventional laryngectomy but who have experienced 
unsatisfactory vocal rehabilitation, and 2) patients 
who require laryngectomy, either primarily or 
postirradiation, who would prefer to try the new 
operation. In either case, in the event of an un- 
satisfactory result, it would be relatively easy to 
close the tracheopharyngeal anastomosis. If, in the 
first group of patients undergoing the new proce- 
dure, the vocal result is superior to that generally 
achieved with esophageal voice, the indications for 
the new technique might be extemely wide. 


DESIGN OF THE 
ENDOTRACHEAL ARTIFICIAL LARYNX 


MICHAEL L. G. Joy, PhD, PEng 


RICHARD E. MOON, MD, FRCP(C) 


INTRODUCTION 


The previous article has discussed the fundamen- 
tal design decisions for the electromechanical lar- 
ynx. It is a removable active valve that can be in- 
serted through a tracheostoma. It allows normal 
respiration but prevents aspiration by closing dur- 
ing a swallow. In this article we discuss design alter- 
natives in greater detail. We then describe the de- 
vices we have evaluated in dogs. The next article 
discusses the power source used to close the valve. 


The artificial larynx is shown in Figure 4. The 
device is L-shaped, consisting of a vertical limb con- 
taining the swallow detector, valve and cuff, and a 
horizontal limb to anchor the device and provide 
conduits for the tubing and wires. The horizontal 
limb also holds the reed mechanism and provides an 
emergency breathing route in case of bleckage of 
the vertical section. Breathing normally occurs 
through the lumen of the vertical limb. 


DESIGN ALTERNATIVES AND DECISIONS 
VALVE MECHANISM 


The valve itself may either close passively when 
food touches it (for example, a trapdoor design) or 
actively, when triggered by some event occurring 
near the beginning of swallowing. A passive valve 
has the advantage of simplicity, whereas an active 
valve may resist pressure from either direction and, 
therefore, enable cough and Valsalva maneuver. 
The latter is not essential, although certainly 
helpful during urination, defecation, and lifting ex- 
tremely heavy weights. It has been reported, for ex- 
ample, that bladder pressure may drop by 20% if 
the larynx is rendered incompetent.” Both types of 
valve were considered and experimented with. Our 
final choice was to construct an active device. We 
felt its positive closure and the other benefits just 
mentioned justified the additional complexity of the 
device. 


Constraints While Closing and Closed. First, the 
valve must be able to close quickly to prevent any 
aspiration of food or liquid into the trachea. From 
the onset of the involuntary stage of swallowing, 
when the hyoid bone and larynx elevate, until the 
food reaches the cricopharyngeal sphincter, about 1 
to 2 seconds elapses.'' The total time from trigger- 
ing the valve to closing must certainly be less than 
this, although the exact constraint will depend on 
the means of detecting swallowing. 
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Second, the device should tend to expel, during 
closure, any material that may have begun to enter 
the valve. Sometimes closure may be slightly de- 
layed for a number of reasons and a part of the 
bolu: may enter the artificial larynx. Mucus and 
smal amounts of food left behind after the swallow 
may also enter the device. One method of clearing 
these bits of debris is to provide a milking action 
whem the valve closes. 


Tlird, the valve must be able to withstand mo- 
men ary increases in pressure up to 100 mmHg at 
the siperior end and 120 mmHg from below. These 
are the peak pressures that have been measured in 
normal adults respectively in the pharynx’? during 
swal owing and in the esophagus (approximately 
equa to subglottic pressure) during cough.'? 


Fourth, the valve should function so that closure 
woud not be prevented by mucus buildup or small 
partzeles of food. 


Fi th, the valve must be reliable. Adults swallow 
an average of 550 times per 24 hours, with a 95% 
confxlence range of 491 to 680.'* An average of 45 
of these swallows occurred while asleep. If an ar- 
tificial larynx is expected to last two months the 
valve might have to close and open 40,000 times. It 
must not miss more than one in several hundred 
swallows, otherwise the unfortunate patient will 
spend most of his day trying to remove aspirated 
matezial from his trachea. 


Camstraints While Opening and Open. First, the 
valve must offer low resistance to airflow. Mea- 
surements on the human larynx in vivo show that 
the pressure drop across it at a flow of 2000 ml/s is 
appreximately 1 cm H,O.'* If a person breathes 
sinusoidally with a tidal volume of 500 ml at a rate 
of 12 breaths/min, his peak flow rate will be 314 
ml/s; therefore, the valve must have a small 
press ire drop across it at that order of magnitude of 
airflcw, otherwise the patient will find it uncomfor- 
table to breathe. During cough the airflow may 
react 5000 to 6000 ml/s with a pressure drop across 
the lerynx of 80 to 100 mmHg."* These figures give 
appreximate values to aim for in design. 


Second, by the nature of its shape, the section of 
valve sticking above the pharyngeal junction must 
diver- small amounts of saliva away from the open- 
ing. n normal humans the epiglottis does this by 
forcirg liquids to dribble out each side into the 
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Fig. 4. Prototype endotracheal artificial larynx with valve 
mechanism. A) Central section. B, C) Views from back 
and front of device. (Reed used for voice productior not 
shown.) 


pyriform fossae. Following laryngectomy there is 
no epiglottis, and the shape of the pharyngeal floor 
is likely to be smooth, allowing saliva to roll down 
the posterior surface of the tongue directly into the 
valve. These small amounts of liquid might not be 
detected by any swallow detection system. 


Third, the valve should be able to open quickly to 
allow a large airflow during cough. It is difficult to 
predict exactly what “quickly” means in this con- 
text. However, qualitatively it means that when the 
valve opens to permit cough it must do so to allow a 
sufficiently high linear velocity of air to develop to 
clear the trachea and artificial larynx of debris 
before the volume of air in the lungs is depleted. 


SWALLOW DETECTION 


Detection of swallowing other than by the direct 
physical force of flow is necessary only for an active 
valve. Many events occur during swallowing that 
might be transduced, and a discussion of some feasi- 
ble methods is given below. The possibility of using 
some voluntary manipulation by the patient, such 
as a particular movement of the tongue, is not ruled 
out. For safety and for the convenience of being 
able to test the device on animals we chose an in- 
voluntary method for the initial implementation. 


Myoelectric Potentials. These are the electrical 
potentials developed during the contraction of mus- 
cle motor units. They may be transduced either 
from electrodes in the muscle or from surface elec- 


trodes. A wealth of literature exists on the electrical 
activity of various muscles during swallowing in ex- 
perimental animals.’ It appears that electrical ac- 
tivity in the mylohyoid muscle just before elevation 
of the hyoid is the first electrical event in swallow- 
ing. This event occurs about one second before the 
food reaches the level of the larynx; thus it would be 
a useful signal to trigger the valve. However, there 
are considerable disadvantages to this method. 
Electrode implantation usually leads to infection, 
and surface electrodes inject considerable noise and 
unreliability. Implanted transmitters can circum- 
vent both of these problems, but implants may be- 
come infected shortly after surgery, surrounding 
tissue reaction may eventually change the electrical 
contact resistance, and, of course, power supplies 
must periodically be replenished. 


Mechanical Force Developed by Muscle Contrac- 
tion, An implantable pressure transducer could be 
placed inside a suitable muscle (for example, di- 
gastric or geniohyoid) which is of sufficient size for 
implantation of a probe and contract early in 
swallowing. All of the disadvantages of implants 
listed in the previous section apply. A pressure 
transducer might also be placed in the pharynx and 
positioned so it can be caused to impinge on sur- 
rounding tissue when a swallow occurs. This mo- 
tion might be voluntary or possibly caused by secon- 
dary motion of the walls of the pharynx caused by 
the act of swallowing; ie, the approach of the food 
bolus or contraction of the tongue muscles. The 
disadvantage of this approach is there is no way to 
predict what the appropriate position might be for 
the transducer in each individual. Also, if this posi- 
tioning is critical it is not clear how it could be 
reliably achieved. These problems might be over- 
come with the aid of a cooperative patient but are 
insurmountable with dogs. Our final design does 
not rule out this triggering technique. 


Motion of Surrounding Structures. The hyoid 
bone moves vertically upward at the onset of the 
second stage of swallowing. This motion can be de- 
tected by attaching a passive device such as a mag- 
net to the bone during surgery and transducing its 
motion by means of an external detector. The first 
objection to this method is that removal of the hyoid 
bone is a standard feature of laryngectomy; 
surgeons feel its removal is necessary to facilitate 
evacuation of the pre-epiglottic space. Dayal et al’® 
have shown, however, that the contents of the pre- 
epiglottic space may be satisfactorily separated 
from the hyoid with preservation of the latter. 
Other disadvantages include the conspicuousness 
and discomfort of the external detector: that the 
hyoid and detector may move relative to each other 
during head turning, stretching, and tongue move- 
ments; and all the disadvantages of implantation. 


Intrapharyngeal Pressures. The increase in in- 
trapharyngeal pressure that occurs during swallow- 
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ing has been well documented. '* However. after the 
proposed tracheopharyngostomy leaving the tra- 
chea open, it is difficult to predict what the increase 
in pressure might be, if any, because is would ap- 
pear intuitively that any increase would be dissi- 
pated through the low impedance trachea into the 
lungs. This method, therefore, does not seem prom- 
ising. It is not precluded in our final design, 
however. 


Acoustic Signals. Inexpensive miniature micro- 
phones for hearing aids are available. It might be 
possible to transduce the intensity of sound at a par- 
ticular frequency that might be characteristic of 
food moving through the upper pharynx. No data to 
our knowledge have been published on such a phe- 
nomenon. It would be difficult, however, to keep 
extraneous noise, such as laryngeal or other speech, 
from triggering such a sensor. 


Impulse of Food. Our final choice was to place a 
pressure transducer at the pharyngeal entrance to 
the artificial larynx." We anticipated that when the 
leading edge of a food bolus hits the transducer, the 
resulting pressure change could be detected and 
used as a trigger for closure. A lower estimate of the 
magnitude of this pressure change can be derived 
from the known velocity and density of the food 
bolus in the pharyngeal region. The velocity of the 
food bolus in humans can be estimated from the 
cineradiographic data of Ingervall and Lantz.'* In 
the standing position the mean velocity of watery 
barium in the first 50 mm of travel beyonc the man- 
dibular contour was 416 mm/s, with a range of 278 
to 833 mm/s. 


Viscous barium was slower, with a meen velocity 
of 294 mm/s and a range of 227 to 500 mm/s. The 
predicted pressure range exerted on a transducer 
placed in the path of the food is 0.53 to 7.1 g/cm’. 
This prediction assumes an inelastic collision. In 
practice with dogs we found that the signals we ob- 
tained were about 45 g/cm’, considerably larger 
than those predicted here. This point is discussed in 
the fourth article in this supplement. 


This pressure may be conveniently transduced by 
a number of simple devices. The ones considered 
were a compliant spring surrounding but not 
touching a center post (the pair acting as a sensitive 
contact switch); a pneumatic diaphragm com- 
parator (for example, Johnson FON-201, 3-way 
valve, Wainbee Ltd, Rexdale, Ont) or moving iron 
miniature microphones (Knowles BI—1585 
subminiature transducer, Knowles Electronics Inc, 
Franklin Park, Ill); a commercial microswitch; or a 
pressure-sensitive transistor (Pitran, Stow Labora- 
tories Inc, Hudson, Mass). 


Preliminary testing was done on all of these. The 
spring-center post contact switch is feasible but dif- 
ficult to manufacture reproducibly with a contin- 
ously adjustable threshold level. The pneumatic 


diaphragms commercially available were not relia- 
ble at low pressure. The miniature microphone was 
also feasible but not particularly sensitive to low 
frequencies; therefore, extremely high gain was re- 
quired to detect the signals. Available micro- 
switches were found to be too bulky and not suffi- 
ciently sensitive. Pressure-sensitive Pitran devices 
were our final choice for the transducer. Although 
quite temperature-sensitive, they can be compen- 
sated. They are very pressure-sensitive, small, and 
light. They are, however, also expensive, fragile, 
and without a “second source.” Our next model will 
probably use a sensor based on a strain gauge trans- 
ducer. 


TRACHEAL SEAL 


One obvious way to construct a seal is to sur- 
round the device with a pressurized cuff. The first 
constraint to consider is the pressure at which it is to 
be maintained. Endotracheal intubation with 
cuffed tubes has been followed by mucosal inflam- 
mation, ulceration, stenosis of the trachea and 
tracheoesophageal fistula.’ 


The major etiologic factor appears to be excessive 
pressure, and it has been suggested that occlusion of 
mucesal capillaries and the resulting ischemia ini- 
tiates the process. Grillo et al° showed that tracheal 
damage could be minimized by keeping the in- 
tracuff pressure below 60 mmHg. This has been 
confirmed by the clinical experience of others (A. 
Scott, MD, personal communication). Tracheal 
capillary occlusion pressures have been measured in 
dogs by Galoob et al.*' These investigators found 
that occlusion pressure depended on the size and 
position of the blood vessel in the trachea. The 
mean occlusion pressure for mucosal capillaries 
over the tip of a cartilaginous ring was 23 mmHg; 
over the lateral wall if a cartilaginous ring it was 38 
mmHg. It would be reasonable, therefore, to at- 
tempt to keep the tracheal contact pressure below 
23 mmHg. 


It has been shown analytically that tracheal con- 
tact pressure is in fact less than cuff inflation 
pressure because of the stiffness of the inflated 
cuff.2? The proportion of the cuff pressure trans- 
mitted to the trachea is a function of the fractional. 
length of the cuff in contact with the wall. If this 
fractional length =0.7, only about 30% of the cuff 
inflation pressure acts on the tracheal mucosa. 
Therefore, the allowable inflation pressure should 
be about 75 mmHg, depending on the fractional 
contact length. Maintaining the inflation pressure 
at a constant level may be accomplished by using a 
supply of compressed gas and a regulator. This 
would, of course, add weight and bulk. Further- 
more, currently available miniature regulators are 
not stable enough for this purpose. Another solution 
is to fill the cuff with an isotropic springy material 
such as polyurethane foam. Such a technique has al- 
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ready been successfully implemented for endotra- 
cheal tube cuffs.” 


The type of material is also critical. Tracheal 
damage produced by toxic materials has been re- 
ported.** A material must be chosen for the ease 
with which it can be shaped, and also for its 
biocompatibility. Criteria for choosing a material 
for vascular grafting were listed by Wilkes and 
Samuels.** Some of these apply to material used for 
the manufacture of tracheal cuffs. The material 
must not be physically modified by tissue fluids; 
must be chemically inert; must not excite inflam- 
matory or foreign body response; must not be car- 
cinogenic; must not produce allergy or hypersen- 
sitivity; must be capable of being sterilized; must be 
capable of withstanding the mechanical stra:ns im- 
posed on it inside the body; and must not Lose its 
strength. Several materials fulfill these criteria. One 
other practical criterion is important: the elastomer 
must bond readily to the base material used Zor the 
structural components. 


Segmented polyurethane (Spandex, Lycra T-126, 
DuPont Co, Montreal) in particular, is well suited. 
Tests for physical strength, flexion fatigue, atrasion 
resistance, and resistance to change when exposed 
to high temperatures have been reported.** Acute 
toxicity studies, 18-month implantation studies in 
dogs,** and 36-month implantation studies in dogs?’ 
have also been reported. The material does not elic- 
it skin sensitivity when worn by people hyrersen- 
sitive to other materials. 


All results have shown so far that Spandex is a 
material of superior physical strength wher com- 
pared with other elastomers. It fulfills all of the 
criteria for biocompatibility mentioned above. Fur- 
thermore, it bonds readily to polyvinyl chloride 
(PVC), a suitable material for making the structural 
components. It is quite easy to coat all exposed PVC 
surfaces of a prosthetic device with Spandex or sili- 
cone. 


| CONSTRUCTION 
- STRUCTURAL ELEMENTS 


-" The structural elements, the horizontal ard ver- 
tical limbs, and the faceplate are constructed with 
PVC. In-the earlier models each piece was in- 

- dividually machined. Injection molding techniques 
. have now been implemented to facilitate rapid 


= manufacture, The horizontal limb and faceplate 


(Figs. 1 and 4) are molded in one piece. One large 
central hole is used to house the reed meckanism 
and provide an emergency breathing and suction 
port. Two smaller holes allow flow of gas to the 
valve and cuff balloons. A third hole contains wires 
that connect the transistor food-sensing unit with its 
circuitry. 

The vertical limb holds the valve and cuff. At its 
lower end the vertical limb widens to form a 


shoulder to which the cuff is bonded during 
manufacture of the latter. At the upper end is a 
50% overhang that houses the pressure-sensitive 
transistor (Pitran).'? This overhang helps deflect 
food around the device away from its lumen. Dum- 
my devices, used for the majority of feedings of ex- 
perimental animals and to be used during sleep in 
human trials, contain a permanently plugged ver- 
tical limb. When a dummy is worn, breathing oc- 
curs via the horizontal limb. Airtight bonding is ob- 
tained by using Spandex as the glue. All conduits 
within the device are pneumatically isolated from 
each other. 


CUFF 


The cuff is manufactured from Spandex mem- 
brane. This is made by dipping a mold of appropri- 
ate shape into a solution (of syrup-like consistency) 
of Spandex in N, N-di-methylacetamide. The mold 
with a thin coating of the solution is then placed in 
an oven at about 50°C, allowing the solvent to 
evaporate. Additional coats may be added to pro- 
duce a membrane of the desired thickness. The 
mold was designed so the PVC portion of the ver- 
tical could be inserted axially, allowing the Spandex 
to bond simultaneously to the shoulder. 


The foam cuff fillers are made in toroidal shape 
from high quality polyurethane foam. Each piece is 
machined on a lathe after impregnation with hard 
wax. The wax is removed with heated halocarbon 
solvent such as tetrachloroethylene. The dimensions 
of the foam filler were found not to be critical. 
Reasonable cuff pressure and deformity characteris- 
tics were obtained when filler was approximately 
30% larger in diameter and length than the outer 
margin of the membrane. 


VALVE 


The valve is a balloon made from Spandex. It has 
the form, when inflated, of a cylinder capped by a 
hemisphere at its upper end. When inflated it fills 
the lumen in the vertical limb, closing the valve. 
When deflated the balloon collapses against the 
wall of the lumen and the overhang at its upper 
end. An alternative type of valve was considered in 
which an electromagnetic actuator would be placed 
inside the larynx. This approach was abandoned 
when we were uneble to develop a device that could 
provide the forces required without excessive heat- 
ing. . 

To close the valve (unfold the balloon) the bal- 
loon is filled rapidly with gas from an external 
source. The unfolding action of the balloon during 
this phase helps eject any material that may stray 
into the device from above. The gas is removed to 
open the valve and a small negative pressure dif- 
ference maintained to keep the balloon pressed 
tightly to the walls of its housing. Two potential 
sources of gas for inflating the balloon have been 
considered. In all devices built to date we have used 
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compressed carbon dioxide as a source of power to 
drive a spring-loaded piston that caused air to in- 
flate the balloon. We are currently considering 
replacing this with an external electrical_y driven 
piston. Such a design would be simpler and more ef- 
ficient than our current power source. 


SWALLOW DETECTOR ELECTRONICS 


Pitran devices are available with linear ranges of 
+3.5 gicm?, +8.8 g/cm’, +17.6 g/em’ and 
higher. The overload pressure that might perma- 
nently change the device characteristics is five to 
seven times the linear pressure range. In the human 
pharynx with valve closed, the pressure may be ex- 
pected to be as high as 140 g/cm?.'? Therefore, the 
+17.6 gicm? (PT-H2) devices were used. (Note: l 
psi = 70.3 g/cm’ = 51.7 mmHg [Torr])}. Manu- 
facturer’s specifications indicate that one may ex- 
pect a 20% change in BDC over the entire linear 
range of this device (2 x 17.6 g/cm? in our case). The 
rise time of the device is specified as 10 us, much 
faster than we will require. Temperature variation 
of the transducer is probably reduced by the ther- 
mal buffering of the structural components and sur- 
rounding tissues; however, upper and lower bounds 
of the temperature range are the temperatures of 
the hottest (say 45 to 50°C) and coldest (0°C) liquid 
that can comfortably be swallowed. 


The uncompensated thermal stability o? a Pitran 
is very poor. The manufacturer’s specifications sug- 
gest 7% of linear range per degree Centigrade. We 
designed two detector circuits, described in the 
following sections. Simple circuits have been de- 
signed by the manufacturer to compensate for tem- 
perature effects by removing the de component of 
the signal. Compensation is based on the assump- 
tion that pressure changes of interest are fast while 
temperature changes are slow. This method of com- 
pensation leads to three difficulties. First, calibra- 
tion of the device is made quite difficult. Second, 
drop in the output pulse might lead to errors during 
a prolonged swallow. Finally, it is possible that 
temperature changes within the pharynx are indeed 
rapid. 

SWALLOW DETECTOR MARK I 


The swallow detector circuit used in cur initial 
work was designed to detect changes in the small 
signal current gain (GAC) of the Pitran. We later 
found that this parameter depends more strongly on 
temperature than on pressure. This circuit, with 
which most of our experimental results were ob- 
tained, is described here. 


A model PT-H2 Pitran with a nominal linear 
range of + 17.6 g/cm? was biased at a base current 
of 1 mA in a conventional emitter-follower config- 
uration. A high-pass filtered square wave was ap- 
plied to the base. The resulting signal at the collec- 
tor (AC load resister 1.5 k 2) was AC coupled to an 
active peak detector. The DC output of tòis circuit 


was | nearly related to the negative excursion of the 
collector voltage from its quiescent value of about 
2.3 V. This output was therefore linearly dependent 
on BAC. It was used to trigger valve closure. With 
this Gevice we were able to obtain a sensitivity of 
1.5 mV cm?/g (range 1 to 1.6). The temperature 
sensitivity was — 6.8 g/cm?/°C. For some values of 
square wave amplitude this sensitivity could dou- 
ble. The minus sign indicates that an increase in 
temperature appeared to be a drop in pressure. 


SWALLOW DETECTOR MARK II 


The detector circuit just described was un- 
satisfactory because of its temperature sensitivity. 
For this reason it was redesigned to take advantage 
of the strong dependence of BAC on temperature. 
The aew circuit develops a signal proportional to 
BAC and therefore (principally) to temperature. 
This ignal is used to adjust the biasing base current 
of the Pitran so its collector current becomes in- 
dependent of temperature (at constant pressure). A 
press ire change (at constant temperature) causes a 
larger change in the DC current gain (BDC) than in 
BAC. Thus the collector current can be made to de- 
pend on pressure and not temperature over a cer- 
tain :ange of temperatures and pressures. 


Ficure 5 is a block diagram of the Mark II circuit. 
The ‘iming circuit provides three logic pulses T4, 
T,, and P, which are of equal length. The two T 
pulses define the temperature phase during which 
the analog signal TEMP is determined. The P pulse 
defines the pressure phase during which the signal 
PRES is determined. These pulses control the vari- 
ous voltage sources and switches as indicated. 


The Pitran and the amplifier which control its 
emitter voltage (amplifier 1) constitute the gain 
stage-of two separate negative feedback loops. Dur- 
ing tae temperature phase the collector current is 
propertional to value of Vr. During the pressure 
phase the base current is proportional to the value 
of TEMP. This proportionality follows from the 
very small differential voltage maintained at the 
input to amplifier 1 by negative feedback. The dou- 
ble pole double throw switch determines whether it 
is ig Œ ic that is controlled by the negative feedback. 


We next consider the derivation of the signal 
TEMP. The valve of V; is proportional to the logic 
signa not T,. Thus the collector and base currents 
are lower during T, than during T,. Because the 
colleetor current, ic, is fixed by Vr, the difference in 
the base current, is, is inversely proportional to the 
current gain BAC. The triple pole single throw 
switch samples this difference and stores it on the 
two capacitors at the input to amplifier 2. The 
voltaze V, is also proportional to the logic signal not 
T,. Because i, is lower during T, than Ts the 
voltaze V, can be adjusted to make the output of 
amplifier 2 equal to zero for any choice of Vz. This 
outpat voltage is added to the voltage V (for 
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Fig. 5. Mark II swallow detector circuit. C.M. - Current mirror; S/H - Sample and hold. (See text for additional abbreviations.) 


reasons to be discussed shortly) and sampled at the 
start of the pressure phase to form the signal TEMP. 


We now show that TEMP varies inversely with 
temperature. As the temperature goes up th2 value 
of BAC rises. Thus the differential signal derived 
from the base current drops. The actual relation- 
ship between temperature change and TEMP is 
found to be roughly linear. If V, is used to set the 
output of amplifier 2 to zero for some temperature 
then V, and the amplifier gain A determine the in- 
tercept and slope: of the TEMP versus temperature 
relation. 


It can be seen now how the temperature ccmpen- 
sation is achieved. First, suppose the signal TEMP 
was independent of temperature. Then as tempera- 
ture increased so would 8Dc and thus so would i, 
(because TEMP did not change). However, TEMP 
-actuadlly drops as the temperature rises, as we have 


5 7 just shown. Now, because of the negative feedback 


, during the pressure phase, ic is proportional to 
TEMP. Thus the rising value of ic resulting from the 


; si ehange in BDC is offset by a falling value of TEMP. 
: ’. With proper adjustment of Vi, V2, and A, campen- 


sation for temperature change can thus be achieved. 
Two offset voltages (V, and V2) are used to simplify 
the calibration procedure. 


= Å potential problem with this compersation 
method is that it reduces the pressure sensitivity. 
This reduction is a consequence of the fact thet both 
BAC and DC drop as the pressure rises. As w2 have 
noted, however, BAC is quite insensitive to pressure 
and, therefore, the loss in sensitivity is slight in our 
circuit. 


Calibration of the circuit is performed by first 
placing the Pitran in a water bath at about 0°C. 
(The Pitran is mounted in an aluminum container 
of mass 24.9 g to keep it dry and to allow it to be 
subjected to various pressures.) The voltage V, is 
adjusted so the output of amplifier 2 is 0 V. The 
voltage V- is then adjusted to make the signal PRES 
so ic is about 3 mA during the pressure phase. The 
temperature of the water bath is then raised to 
about 45°C. Any drift in the voltage PRES is 
removed by changing the Gain A of amplirier 2. 
These steps are repeated once again and the calibra- 
tion is complete. 


The pressure sensitivity we achieve is from 1.5 to 
2.5 mV cm’/g. The temperature sensitivity is very 
low. If we plunge the Pitran from one water bath to 
the other we find a transient variation in PRES oc- 
curs, equivalent to +12 g/cm? of pressure. We at- 
tribute this to strain caused by nonuniform heating 
of the case and the aluminum container. The steady 
state sensitivity of PRES to temperature is typically 
less than the equivalent of 0.3 g/cm? °C. 


The stability of the PRES signal was monitored 
by exposing the Pitran to air at room temperature 
and monitoring both PRES and the output of amp- 
lifier 2. We found that although the latter signal in- 
dicated short term fluctuations of + 1°C there were 
no corresponding fluctuations in the PRES signal. 
This signal did, however, drift by the equivalent of 
2 g/cm? over the test period of 7'4 hours. The circuit 
is powered by six AA-cells, which can be carbon- 
zinc, alkaline-manganese dioxide, or rechargeable 
nickel-cadmium. It is designed to operate for cell 
voltages down to 0.95 V and will fail totally below 
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this voltage. A flashing light is provided that stops 
when the batteries have failed. The quiescent cur- 
rent drain is 50 mA. The current drain caused by 
the solenoid valve (discussed in the next article), 
which actuates the larynx, is 250 mA while the 
valve is active. A further two silver-oxide cells pro- 
vide reference voltages for a voltage regułator and 
for the detection of battery failure. 


A bench test of the circuit indicates that if 
Duracell MN1500 alkaline cells are used with a 10 
h/day — 500 swallows/day schedule we may expect 
the batteries to last for about three days. About 
90% of the power is used up in the swallow detector 
circuit and the rest in the solenoid valve, which ac- 
tivates the pneumatic CO, circuit. When Eveready 
CH15 rechargeable nickel-cadmium batteries are 
used with the same schedule, we find that two sets 
of cells will be required to operate the device. Each 
set will last for 10 hours but then must be charged 
for 14 hours before reuse. 


CONCLUSION 


We have presented the specifications for an en- 


dotræheal artificial larynx and discussed the design 
altermatives we considered to meet these specifica- 
tions We have described the basic construction of 
our Larynx and discussed the electronic design in 
detai. A discussion of the actuation of the valve, 
the pneumatic and acoustic aspects of the larynx, 
and ics evaluation in dogs will be found in other ar- 
ticles in this supplement. 


Tle electronic swallow detector described in this 
articke (MK II) is capable of reliably detecting 
swalbws, which give rise to pressure signals greater 
than 5 g/cm’. Its reliability is a result of the 
temperature compensation of its sensor. This com- 
pensztion is effective in the range 0 to 45°C. The 
power requirement of the electronic components is 
such that frequent charging or replacement of its 
batteries will be required. This is partially a result 
of over design of the complex temperature compen- 
satioa circuit. Future versions of this circuit will 
focus on the reduction of the power drain by simpli- 
fying this circuit. The more radical approach of us- 
ing astrain gauge sensor will also be attempted. 


ACTUATION OF THE ENDOTRACHEAL ARTIF ICIAL LARYNX 


MICHAEL L. G. Joy, PhD, PEng 
ViJAY S. DAYAL, MB, FRCS(C) 


The basic design of the endotracheal a-tificial 
larynx has been discussed in the previous articles in 
this supplement. Details of the surgical technique 
are given in the first article? and of the electronic 
swallow detector in the second article.”° In this arti- 
cle we discuss the design of the system that inflates 
the balloon valve in the artificial larynx. 


The volume of the balloon is from 2 to 3 ml when 
inflated. The inflation pressure is 140 to 200 g/cm.’ 
This is sufficient to seal the valve against any antici- 
pated pharyngeal pressure. (Note: 1 psi = 70.3 
gicm* = 51.7 mmHg [Torr]). The balloon must be 
inflated when a swallow occurs and must have done 
so before food has passed into the tracheal limb of 
the artificial larynx. In our current design the dis- 
tance from the Pitran sensor and the uppermost 
portion of the seat of the balloon is 1.3 cm. The ve- 
locity of a bolus of barium during a swallow can be 
estimated from the cineradiographic data from In- 
gervall and Lantz.'® In the standing position the 
mean velocity of watery barium so estimated was 
41.6 cm/s and of viscous barium was 29.4 cm/s. The 
highest velocity for watery barium was 83.3 cm/s. 
Thus if the latency of closure was less than 16 ms 
one could be certain of meeting the above goal. The 
average transit times, however, would be f-om 30 
to 40 ms. Further objectives of the actuator design 
are ease and economy of use and maintenance. Fin- 
ally, the actuator should be reliable and pose no 
direct threat to its user’s safety. 


POWER SOURCE 


The two potential sources of power for the actu- 
ator are compressed gas and electrical batteries. Al- 
though the latter are more efficient in their storage 
of energy, we initially chose compressed gas because 
of the availability of components for the actuator’s 
construction. There are also two choices of com- 
pressed gas, liquid carbon dioxide (CO,) or liquid 
freon. The significant difference between these is 
their vapor pressure. At room temperature this is 56 
atm for CO, and about 7 atm for freon. A second 
difference concerns the useful volume of gas that 
can be obtained from a given volume of its liquified 
form. This useful volume is greater for CO, than for 
freon by as much as 50%. 


The basic pneumatic circuit used to actuate the 
larynx is shown in Figure 6. Gas is delivered to an 
electromechanical solenoid valve at a pressure of 
about 7 atm. The crosshatched area of this valve 
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represents a moving member that connects the lin- 
ear actuator either to the source of compressed gas 
or to the atmosphere. When the solenoid valve is ac- 
tivated this gas pushes a piston in the linear actuator 
forward against a spring. This motion forces air in- 
to the balloon, which inflates it, closing the valve in 
the larynx. 


When the solenoid valve is deactivated the gas 
that forced the piston forward is vented to the at- 
mosphere by the return of the piston because of the 
force of the spring. This return of the piston also 
evacuates the balloon, causing it to lie flat against 
the inside wall of the tracheal limb of the larynx. 
The patient is thus isolated from the high pressure 
gas. Because the vapor pressure of the liquid CO, is 
much too high to be controlled by reasonably small 
electromagnetic valves, a regulator is required. This 
regulator has proven to be the weak link in this de- 
sign. One problem is that it limits the flow of CO, 
from the liquid gas bottle. This resistance can be al- 
leviated by increasing the volume between the regu- 
lator and the solenoid valve using an accumulator 
as shown in Figure 6. This step reduces the drop in 
pressure at this point when the solenoid valve is 
opened. 


A second consequence of the high vapor pressure 
of CO, is the heavy weight of its container, When 
charged the gas may account for only 30% of the 
gross weight. When the bulk of the regulator (about 
350 g), accumulator, and container are considered, 
the advantage of CO, over freon in useful volume is 
lost. 


Despite these negative aspects of CO, we chose it 
for our initial work because of the ready availability 
of components. We are now in the process of evalu- 
ating the use of freon for our pneumatic device. We 
are also constructing an electrical solenoid pump 
with a very short stroke as an alternative motive 
force. This pump would provide the convenience of 
a single power source for the whole system, a re- 
chargable battery pack. 


The amount of gas required to operate the larynx 
depends on the design of the linear actuator and the 
pressure of the gas that enters it. For example, if we 
use the simple actuator suggested in Figure 6, we 
will use a volume of gas equal to the stroke volume 
of the piston for each swallow. This gas will be at 
the regulated pressure. If, for example, this pressure 
is 4 atm and we start with 25 g of CO), we will be 
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able to expend about 3,200 ml of gas. If the stroke 
volume is 2.2 ml this will allow 1,454 swallows. The 
average number of swallows per day is 550 with a 
range of about 500 to 700.'* Thus the gas bottle 
would last from two to three days in this case. If the 
pressure were halved the number of swallows 
would double but the speed of response would drop. 
These considerations are discussed in greater detail 
in the following sections. 


LINEAR ACTUATOR 


In the experiments described in the next article in 
this supplement,*® we used the simple actuator 
shown in Figure 6. The piston diameter of this actu- 
ator was 1.5 cm and it delivered a stroke volume of 
2.2 ml. This volume of CO., at the regulated pres- 
sure (usually 4 atm), is consumed for each swallow. 
The measured number of swallows per 25 g of CO, 
was 1,010 for this actuator. This is less than pre- 
dicted in the previous simple calculation (1,454) be- 
cause of the nonisothermal expansion of the gas and 
losses during the actuation of the solenoic valve. 


An improved version of the linear actuator has 
been built and tested. It has a 1.9-cm piston and 
delivers a stroke volume of 2.84 ml. This allows us 
to fill a slightly larger balloon if required. It also in- 
corporates a second seal that prevents any commun- 
ication between the high and low pressure circuits 
when the piston has reached the end of its stroke. 
Because of the larger stroke volume this actuator de- 
livers only 860 swallows at 4 atm for 25 g CO,. Two 
modifications to the design were tested, each of 
which resulted in a large improvement in this 
figure. In the first modification a second valve was 
added on the high pressure side of the actuator, 
which cut off the inlet when the piston reaches the 
end of its stroke. This valve prevents the gas pres- 
sure in the actuator from climbing any higher than 
is required to finish its stroke. The second modifica- 
tion achieved the same end by reducing the time for 
which the solenoid valve was open and adding a sec- 
ond valve to control the venting of the gas at the end 
of the swallow. 


The first modification resulted in 1,680 swallows 
per 25 g CO, and the second in 1,960 swallows per 
25 g CO;. The first modification has been adopted 
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Fig. 6. Pneumatic circuit used to ac- 
tuate larynx. 
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because it is simpler, lighter, and less expensive. 
The actuator is constructed from aluminum and 
uses € rolling diaphragm (Bellofram Corp) to ease 
tolerances. This diaphragm can withstand 34 atm 
pressure and a million cycles. 


CONTROL VALVE 


The control valve is a Clippard model EV3. It re- 
quires about 250 mA to actuate. The opening time 
depends on the applied voltage and source resis- 
tance. Measured values ranged from 8 to 15 ms. We 
found the resistance to gas flow through the valve 
was an important factor in determining the time re- 
quired to inflate the balloon. For this reason we 
modiñied the EV3 valve by enlarging the orifice in 
the poppet seat from 0.63 mm to 0.91 mm. We also 
increased the stroke by 0.12 mm. The resulting im- 
provement is discussed in the next section. 


RESPONSE TIME 


We have measured the time required to fill the 
balloon by placing electrical contacts on its seat in 
such a way that contact is made when the balloon is 
fully inflated. We define the transfer time as the in- 
terval between the receipt of the logic signal and the 
full inflation of the balloon. 


The transfer time is the sum of the delay in open- 
ing the solenoid valve, the piston travel time, and 
the celay caused by the distributed volume of the 
tube connecting the actuator and the balloon and 
the volume of the balloon itself. The solenoid delay 
is affected by the battery voltage and the length of 
the stroke of the poppet. It is typically 7 ms (range 6 
to 12 ms). The delay in the tubing and balloon is af- 
feeted by tubing length and inner diameter and the 
volume of the balloon. The tubing we use has an in- 
ner diameter of 1.6 mm. In the dog experiments it 
was 90 cm long. For the bench tests recorded in Fig- 
ure 7 it was 50 cm long. This reduction in length re- 
duces the delay from about 8 ms to 5 ms at 4 atm 
pressure. 


The piston travel time is strongly affected by the 
properties of the solenoid valve. The actuator’s 
piston is light enough to have a negligible effect on 
this time. Also, the spring has little effect on the 
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Fig. 7. Transfer time of various pneumatic systems asfunc- 

tion of gas pressure at solenoid valve. Transfer time-is in- 

ae between receipt of logic signal and full inflaton of 
oon. 


travel time when inflating the balloon. Figure 7 
shows transfer time as a function of nominal regu- 
lated pressure for various combinations of actuator 
and solenoid. Note that the 15 mm actuatoz has a 
smaller stroke volume than the newer 19 mn actu- 
ator (2.2 ml versus 3 ml). It also has a longer stroke. 
Numerical comparison of its transfer tim2 with 
those of the other actuator are therefore not s-mple. 


The relatively longer times at low pressures prob- 
ably arise because the resistive force caused by the 
diaphragm increases linearly with its diameter, 


. while the force on the piston increases as the square 


: -of the diameter. Thus the smaller diameter piston is 
‘More sensitive to the resistance of the diaghragm 
than is the larger piston. A very simple model of this 
system would neglect all effects resulting from the 
piston or the diaphragm and would also assume 
‘laminar flow. For such a model we would expect an 
‘inverse proportionality between pressure and the 


difference between transfer time and solenoid delay 
time. In fact, Figure 7 shows that for pressures over 
2.5 atm the transfer time does not drop quite as 
rapidly as would be predicted by this model. We 
hypothesize that the efforts of turbulent flow in the 
valve and actuator account for this observation. 


The most satisfying result of this work is the 
marked reduction in transfer time that resulted 
from the modification of the solenoid valve. This 
modification reduced the transfer time at 4 atm 
pressure from about 40 ms to about 30 ms. It also re- 
sulted in uniformly low transfer times than we ob- 
tained from the 15 mm actuator used in our experi- 
ments with dogs.* Finally, we note that the pres- 
sure drop caused by poor regulation increases the 
transfer time by several milliseconds. This increase 
is not as large as that caused by the constricted 
orifice of the solenoid valve. 


CONCLUSION 


The smallest transfer time we have achieved is 
about 30 ms. This would be adequate for viscous 
barium swallows and the average watery barium 
swallow. It would, however, let the fastest watery 
barium swallows enter the valve. In the next article 
in this supplement”? we describe experiments with 
dogs in which we found the 30 ms transfer time was 
adequate for watery as well as viscous meals. Thus 
it appears that, in dogs, our specification of the 
minimum closure time was overly stringent. Our 
next in vivo experiment with a dog will attempt to 
obtain more exact information concerning the rela- 
tive positions of food and larynx when the valve is 
activated. This will allow us better to predict the 
triggering mechanism in humans. Initial work with 
an electric pump indicates the 15 ms limit can be 
achieved. We therefore are still attempting to reach 
this goal. 


Carbon dioxide is one choice for powering the 
linear actuator. At present freon is being evaluated 
as a substitute. We have demonstrated closure times 
with freon of 32 ms at 4.5 atm by simply substitut- 
ing a bottle of freon for one of CO2. Our goal is to 
develop the electric pump to a point where 15 ms 
transfer times can be achieved. We will also devel- 
op the freon-activated system as a backup but ex- 
pect that 30 ms transfer times will be the best that 
can be obtained. 


EVALUATION OF THE ENDOTRACHEAL ARTIFICIAL LARYNX 


RICHARD E. Moon, MD, *RCP(C) 


VIJAY S. DAYAL, MB, FRCS(C) 


This article deals with the evaluation of the effec- 
tiveness of the artificial larynx in preventing aspira- 
tion, and the assessment of tissue reaction caused by 
it. 


CUFF 


Evaluation of the cuff consisted of a) a pressure- 
volume measurement of the sponge-filled cuff; b) 
gross and histologic examination of the tracheas of 
experimental animals that died spontaneously or 
were sacrificed; c) cineradiographic data showing 
that the cuff with sponge filler can prevent aspira- 
tion in the short term; d) periodic radiographic ex- 
amination of the lungs of experimental dogs depen- 
dent on cuff integrity to prevent aspiration; and e) 
examination of the cuff each day to look for loss of 
strength, tears, etc. 


A typical pressure-volume plot of a cuff with 
foam filler of the proportions described earlier is 
shown in Figure 8. The plot was made by measur- 
ing the pressure change within the cuff induced by 
evacuation of small amounts of air. Cuffs with any 
desired characteristics can be manufactured by 
changing the size of the foam filler. The mean intra- 
cavitary pressure exerted by the foam inside a dog 
or simulated trachea can be estimated by first in- 
serting the cuff to allow equilibirum to be estab- 
lished, then attaching the tubing from the cuff port 
to a manometer and removing the cuff from the tra- 
chea. The manometer reading gives the intracavi- 
tary pressure. 
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Fig. 8. Typical pressure-volume relationships of cuff with 
foam filler immediately after construction and seven days 
after implantation. 
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All autopsied dogs had their tracheas examined 
grossly; the mucosa was graded according to the 
following scale: grade 1 — normal in appearance; 
grade 2 — injected in appearance, no ulceration; 
grade 3 — superficial ulceration; grade 4 — gross 
ulceration exposing cartilaginous rings. 


Histologic sections were made of the 79- and 
386-day survivors from the following areas: the 
tracheopharyngeal anastomosis, trachea adjacent 
to the cuff, and control trachea caudad to the 
tracheostomy. The gross examination results are 
shown in Table 1. All of the fistulas after the one- 
stage operation were widely patent and the anasto- 
moses were healed satisfactorily. Figure 9 shows the 
anastomosis at autopsy in a dog dead 386 days post- 
operatively. Microscopic examination of the tissue 
sections were performed by a pathologist. Control 
trachea showed patchy squamous metaplasia and 
minimal to moderate chronic inflammation (Fig. 
10A). 


Trachea in contact with the cuff showed submu- 
cosal fibrosis with both acute and chronic inflam- 
mation in the 79-day survivor (Fig. 10B). The 

TABLE 1. OPERATION, IMMEDIATE POSTOPERATIVE 


MANAGEMENT, SURVIVAL TIME, AND GROSS 
TRACHEAL APPEARANCE AT AUTOPSY 





Dog NG Tube Dummy Trachea 

No. Insertion Insertion Death Grade 

21 = 2-stage Yes Not inserted Day 3 2 
Mucus 

34 2-stage No Immediate Day 72 2 
Sacrificed* 

36  2-stage No Immediate Day 22 2 
Mucus 

38  l-stage No Immediate Day 4 4 
Sacrificed 

39 | -stage No Immediate Day 112 2 
Mucus 

40  l-stage No Immediate Day 7 4 
Sacrificed 

41  l-stage No Immediate Day 7 4 
Sacrificed? 

42  l-stage Yes Immediate Day 11 2 
Mucus 

44 l-stage Yes Day 14 Day 386 2 
Mucus§ 

45  l-stage Yes Day 14 Day 79 2 
Mucus§ 

46  l-stage Yes Day 14 l yr, 2 mo 2 


Sacrificed for 


study 


“Dog sacrificed because fistula was no longer patent. 


Dog sacrificed because of overwhelming infections in region of 


surgery 


$ Histologic sections made. 
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Fig. 9. Patent tracheopharyngeal anastomosis at autopsy 
in dog who died 386 days postoperatively. 


386-day survivor had less inflammation but marked 
vascular congestion. This was compatible either 
with resolving inflammation or obstruction -o ven- 
ous drainage. Figure 10C shows a section of the tra- 
cheopharyngeal anastomosis from the 79-day sur- 
vivor. This shows satisfactory healing. There were 
no malignant changes. The inflammatory changes 
seen were much less than the ones seen in patients 
who have been intubated for periods as short as 24 
hours. 


Cineradiographic studies were performed with 
the dog held in a stand. A mixture of food and bar- 
ium sulfate was eaten by the dog as cineradiographs 
were taken at a rate of 100 frames per second. Fig- 
ure 1] shows a sequence of enlargements cf indi- 
vidual frames with one line drawing (E) delir eating 
the structures more clearly. It can be seen that the 
barium-food mixture does not spill into the trachea. 


Chest x-ray films were taken at times shown in 
Table 2. All radiographs were examined for the 
presence of chronic aspiration pneumonia. All of 
the films were normal. A sample chest radiograph is 
shown in Figure 12. The cuff material remained in- 
tact throughout all studies. The only change in cuff 
membrane characteristics appeared to be a \ellow- 
ish discoloration. The factor that limited the oper- 
ating lifetime of a cuff was gradual loss of resiliency 
of the foam filler. 


VALVE 


Evaluation of the valve and closure mechanisms 
consisted of a) measurement of the pressire at 
which the valve leaks; b) measurement of elapsed 


TABLE 2. CHEST X-RAY FILMS ON 
LARYNGECTOMIZED DOGS 


Postoperative Days on Which 





Dog No. Studies were Performed 
34 8 
36 10 
39 21 
44 85, 127 
45 40 
46 386 


time for Pitran triggering until valve closure, ie, 
transfer time (detailed in preceding article); c) 
cineradiographic studies of the pharyngeal area 
during swallow of contrast material to prove the 
valve is necessary to prevent aspiration and can per- 
form the task; d) polygraph recordings of the pres- 
sure signal output during a meal to establish consis- 


tency of operation; e) fatigue-testing of a valve. 


To measure leakage pressure of the valve, an arti- 
ficial larynx was inserted into a 20-mm inside diam- 
eter transparent cylinder that was closed at one end 
except for a pressure port. The larynx was attached 
to its power pack and then triggered to produce 
valve closure. Unless specified otherwise the Mark I 
version of the swallow detection electronics was 
used.” 


Water was introduced through the pressure port 
and then pressure applied until leakage occurred. 
The valve was capable of withstanding 50 g/cm? 
steady state pressure and 140 g/cm? when pulsed at 
90% duty cycle with pulse length of one second. 
Transfer time depends on the pressure at which the 
pneumatic cylinder (which derives air pulses to the 
valve balloon) is activated. As activation pressure is 
increased, transfer time decreases (see preceding ar- 
ticle for details). 


Cineradiograph studies were performed as in the 
cuff evaluation. Valve closure was indeed necessary 
for the prevention of aspiration. During a swallow 
with the valve power pack turned off, part of the 
food bolus entered the artificial larynx. When the 
valve was activated it effectively prevented aspira- 
tion. This result was obtained reproducibly through- 
out a meal. During six meals using two different 
dogs polygraph recordings were made. Each dog 
was observed carefully during each meal and every 
swallow seen was recorded on the chart by manual- 
ly pressing an event marker. 


Also recorded were the pressure signal from the 
Pitran and the final output pulse used to trigger 
valve closure. During these meals a total of 223 
swallows were successfully detected; valve closure 
occurred each time. No swallows were missed by 
the detection circuit. A total of 42 valve closures oc- 
curred in the absence of swallows. Of these false 
triggers, 31 occurred while the dog was panting 
rapidly and, therefore, creating significant pressure 
changes within the pharynx. 
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Fig. 10. A) Patchy squamous metaplasia and 
minimal to moderate chronic inflammation in 
control trachea. B) Submucosal fibrosis with 
acute and chronic inflammation in trachea at 
cuff site in 79-day survival. C) Satisfactory 
healing at tracheopharyngeal anastomosis site 
in 79-day survival. 
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Fig. 11. A-E) Barium swallow with artificial laryrx in 
place. Line drawing (E) delineates structures and ap lies 
specifically to A. Barium food mixture does not spill into 
trachea. 


To test the physical integrity of the valve balloon 
after multiple closures the following test was per- 
formed. A balloon installed in an artificial larynx 
was tested for leaks by inflating it under water. 
During the next 24 hours it was subjected to £9,000 
cycles of inflation and deflation. It was again tested 
for leaks. The balloon remained intact and nc leaks 
developed. 


The artificial larynx can be activated to close 
either automatically during swallowing (by food 
contact) or manually by pushbutton. This latter 
maneuver will allow the patient to cough: valve 
closure followed by Valsava maneuver then valve 
opening. 
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Fig. 12. Long-term follow-up chest radiograph showing 
normal examination with no evidence of aspiration 
pneumonitis. 


SWALLOW DETECTION 


The newer version of the swallow detection elec- 
tronics is discussed in the second article in this sup- 
plement. It is capable of monitoring the tempera- 
ture as well as the pressure of the Pitran sensor. This 
circuit has been tested on a single dog during four 
meals. The valve functioned well. Food entered the 
trachea only once, when it was discovered we had 
torn the balloon during a bench test before inserting 
the larynx. During these trials we noted the effects 
of cold food (ice cream) on the temperature of the 
device. We also determined (for this animal) the ap- 
propriate threshold levels for the triggering circuit. 


It was found that a typical swallow’s pressure 
signal had two phases. The first phase lasted about 
50 ms and consisted of a rapid increase equivalent 
to about 50 g/cm? pressure. This increase was often 
followed by a number of rapid fluctuations of smaller 
or larger amplitude. The second phase lasted about 
1000 ms and consisted of a single peak of high pres- 
sure that reached a maximum at about 600 ms. This 
maximum varied from the equivalent of 50 g/cm? to 
100 g/cm? pressure. 


To detect swallows we set a threshold at the equi- 
valent of 35 g/cm* pressure. This was sufficient to 
detect all of the several hundred swallows observed. 
About 3% of valve closures were not caused by swal- 
lows but by other activities such as licking and look- 
ing backwards. When the dog was fed ice cream or 
drank ice water (0°C) the temperature of the Pitran 
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dropped by as much as 14°C. This temperature 
change did not cause any noticeable change in the 
pressure signal. 


CONCLUSION 


A device has been designed that can replace those 
functions of the normal human larynx related to 
preventing aspiration. The device is suitable for use 
in patients in whom, following laryngectomy, a tra- 
cheopharyngeal fistula is created, as described in 
the first article of this supplement. The apparatus 
has been tested in experimental dogs for which the 


surgical approach has been designed. Four long- 
term survivors were studied. Three of these have 
died so far, all from mucus plugging. These deaths 
resulted because the animals could not be observed 
for more than a short time each day. Mucus plug- 
ging would not be a problem in humans because 
each patient could easily remove the device and 
clean it as often as desired. The last dog in this 
group was sacrificed after one year, ten months for 
study. In dogs the device has been proven to be 
capable to preventing aspiration of food during 
meals. 


CONSIDERATIONS IN THE DESIGN OF AN AIRFLOW-ACTIVATED 
SOUND SOURCE FOR AN ENDOTRACHEAL ARTIFICIAL LARYNX 


RICHARD E. Moon, MD, FRCP(C) 


VIJAY S. DAYAL, MB, FRCS(C) 


INTRODUCTION 


A successful design for a voice source powered by 
pulmonary air must incorporate two main features: 
a) ease and efficiency of excitation by expired air, 
and b) appropriate loudness and timbre such that 
the normal human voice may be approximated. In 
addition, the sound source should idealy be 
amenable to modulation to allow vocal inflexion. 


Considerable information on the first of these 
features exists in the literature. Parameters relevant 
to ease of speaking include glottic airflow, s-bglot- 
tic pressure, and efficiency of the sound generator. 
This last parameter may be defined as the propor- 
tion of power dissipated (by airflow through the lar- 
ynx) that is converted into sound. Subglottie pres- 
sure during speech varies between 5 and 50 cmH.0.*"* 
Kitzing and Lofquist have measured transzlottic 
pressure and have reported values between 1 and 10 
cmHO.® Airflow during speech has been measured 
in normal subjects and patients with bilatera_ vocal 
cord paralysis. 


Isshiki and von Leden®™ reported that phonation 
in their normal subjects required 100 to 182 ml/s in 
males and 76 to 172 ml/s in females. Patients with 
bilateral vocal cord paralysis with fixation in the 
median or paramedian position required a range of 
200 to 760 ml/s for normal phonation. For artificial 
larynx design, this latter range should be cons-dered 
the upper limit of acceptability; patients with this 
disability generally have acceptable speaking voices.” 
Plots of sound pressure level versus the logarithm of 
the power dissipated by airflow through the zlottis 
have been constructed by van den Berg.*’ The rela- 
tive efficiencies of different sound generators, or the 
same sound generator under different cond-tions, 
may be compared using this method provided the 
necessary sound pressure level measurements are 
made in exactly the same way. Absolute measures of 
efficiency cannot easily be obtained because vf the 
difficulty of measuring total sound energy produced 


by the larynx. 


The timbre of the human larynx is more di-ficult 
to measure. Most of the information contained in 
the terms “timbre” or “quality” of voice may be 
depicted in spectral analysis of the emitted sound. 
Such an analysis consists of a plot of sound pressure 
level versus frequency. It contains peaks at the fun- 
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damental frequency of vibration (or first partial) 
and at multiples of this frequency (overtones or 
higher partials). It does not contain phase informa- 
tion, which most physiologists consider to be of 
minor importance in determining sound quality. 
Any such analysis of human voice represents sound 
from the glottis considerably filtered by the supra- 
glottic vocal tract. Therefore, sound spectra of the 
in situ human larynx can only be constructed indi- 
rectly. This has been done in several ways. Van den 
Berg” inserted a loudspeaker with known spectrum 
through the tracheostomy of a hemilaryngectomized 
patient and observed the quality of vowel sounds. 
Flanagan” obtained volume velocity spectra from 
photoglottograms, which are plots of glottal area 
versus time. He used a function derived by van den 
Berg?’ relating -volume velocity of air passing 
through the glottis to subglottic pressure and glottic 
area. Volume velacity functions of time were trans- 
formed into frequency spectra. Stevens et al‘? con- 
structed an electrical analog of the supraglottic vo- 
cal tract and varied the spectrum of the source of 
excitation until optimal vowel quality was ob- 
tained. Spectra obtained by these methods show de- 
cay of harmonics at a rate of 6 to 12 dB per octave.“ 


The mean fundamental frequency of the larynx 
in normal males is about 130 Hz. In females it is 
about one octave higher.*? The fundamental fre- 
quency may be raised voluntarily over a range of 2 
to 2'4 octaves. This is partially accomplished by ad- 
justing the intrinsic laryngeal musculature under 
neural control. However, some variation in pitch 
may occur without changing the laryngeal “setting.” 
This may be demonstrated by voicing constant 
pitch for a few seconds then pressing suddenly on 
the abdomen. A rise in pitch will occur simultan- 
eously with the increase in glottic airflow. Patients 
with paralyzed vocal cords may also produce a 
range of fundamental frequencies as great as two 
octaves by expiring at different flow rates.” Van 
den Berg demonstrated the same phenomenon in his 
experiments on isolated human larynges.* It is pos- 
sible, therefore, that some degree of pitch control 
may be obtained from other types of passive voice 
sources. 


A reed assembly has been designed to provide 
voice for the artificial larynx described in a previous 
article in this supplement. The reeds used are made 
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of plastic and are available in a range of frequencies 
from about 130 Hz upward (Proll reeds, Bloom- 
field, NJ). An aluminum carrier holds the reed; the 
reed and carrier can easily be inserted into the 
horizontal limb of the artificial larynx as shown in 
Figure 13. This article describes the evaluation of 
the reed system in the artificial larynx. 


METHODS 


To measure the parameters just described an apparatus similar 
to the one used by van den Berg*’** was constructed. It is il- 
lustrated in Figure 14. Compressed air from a cylinder passed 
through a regulator, an airflow meter, then a heater. The warmed 
air was then humidified in the chamber filled with polyurethane 
foam into which warm water was continuously dripped. The sec- 
ond chamber, containing loosely packed gauze, served to remove 
water droplets. The warmed, humidified air then passed into the 
aluminum subglottic tube and through the larynx attached to the 
top. The subglottic tube was adapted so that either human cada- 
ver larynges or artificial larynges could easily be connected. The 
system was allowed to run for about 30 minutes betore any ex- 
periments were performed to allow the subglottic tube and larynx 
to warm sufficiently so condensation did not occur. The air heater 
was provided with a thermistor at the efferent end to sense air 
temperature, and a control box with feedback circuit to maintain 
a constant temperature. Naturally there was some cooling of air 
between the heater and the larynx; therefore, the setting on the 
air heater control box was adjusted until the steady state air 
temperature at the larynx was 37°C as measured with a mercury 
thermometer. 


A U-tube manometer as shown was initially used to measure 
subglottic pressure. This was replaced by a precision manometer 
(Wilhelm Lambrecht), which could measure low pressure with 
much greater accuracy. A sound level meter (Bruel & Kjaer 2203) 
fitted with a 2.5-cm [l-in] condenser microphone (Bruel & Kjaer 
4145) was used to measure the sound pressure level and provide 
the input signal to the spectrum analyzer (Hewlett-Packard 
3580A). The sound level meter was suspended vertically, with the 
microphone 80 mm from the sound source. A permanent record of 
each spectral analysis was obtained with an X-Y plotter (Hewlett- 
Packard Moseley 7005A). The subglottic tube was 283 mm long 
and 12 mm in diameter. These dimensions approximate those of 
the human subglottic system. 
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Fig. 13. Endotracheal artificial larynx 
showing position of reed and carrier. 





Seven fresh cadaver larynges were obtained from the autopsy 
service of one of the local teaching hospitals. None of the patients 
had had any history of laryngeal pathology. Five of the larynges 
were grossly normal. Two had vocal fold trauma from prolonged 
intubation and were not used for study. All larynges were dis- 
sected down to the level of the vocal cords. Connective tissue and 
fat were removed to expose the arytenoid cartilages posteriorly 
and a separate nylon thread was passed through each one. A third 
thread was affixed to the connective tissue of the anterior surface 
of the thyroid cartilage in the midline at the level of intersection 
of the vocal ligaments. Inferior to the larynx the trachea was 
removed below the third tracheal cartilage. The internal diam- 
eter of the tracheal stub that remained attached was measured by 
carefully inserting a series of plastic cylinders of graduated size. 
The internal diameter was taken as the diameter of the largest 
cylinder that could be inserted without stretching the tissues. 


For analysis each larynx was placed over the top of the sub- 
glottic tube and tied in place to prevent leaks. Each arytenoid 
thread was passed over a pulley and attached to an aluminum 
weight pan. The larynx was anchored by attaching the anterior 
thread to the support pole. Recordings were made only with 
larynges set in chest voice mode.**4S This setting produces the 
quality of sound present in conversational speech. To produce this 
in the isolated larynx preparations the arytenoids were forced 
together by crossing and aligning the attached threads in a 
transverse plane. There was no stretching of the vocal cords. Suf- 
ficient weight was added to each pan to force the arytenoids 
together (0 to 20 g was sufficient). Recordings were made of four 
larynges. 


After analyzing the spectra of several human larynges, the ar- 
tificial larynx was installed. It would not utter a sound when 
placed on the experimental apparatus although it vibrated with 
ease when it was inserted upside down and air drawn backwards 
through the apparatus. One possible explanation was acoustic 
coupling. Many physiologists believe that coupling between the 
vocal cords and subglottic air changes the glottic sound spectrum 
very little in humans.**“°*’ This cannot be assumed for an artifi- 
cial sound source, however. It is possible that if at certain fre- 
quencies the driving point impedance of the subglottic system 
viewed from the glottis is of the same order of magnitude as the 
sound source impedance, then pressure fluctuations in the vicinity 
of the source may be so large that vibration is severely disturbed 
or inhibited. 


To test this hypothesis a glass reservoir with a volume of 3.5 | 
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Fig. 14. Instrument for measuring sound spectra from isolated human larynges. 
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Fig. 15. Instrument shown in Fig. 14 with addition of reservoir. 


was attached to the bottom of the subglottic tube (Fig. 15). Cloth 
rays were loosely packed into the reservoir to dampen reverbera- 
tion. This modified system more closely models the human sub- 
glottic system, which to a first approximation behaves like a pipe 
open at one end.**** The reed system vibrated satisfactorily with 
reservoir attached. Acoustic impedances were calculated for both 
configurations. 


After discovering the necessity for the reservoir when testing 
the plastic reeds, a further larynx was tested both with and with- 
out the reservoir. A rubber cork was allowed to hang from a thin 


wire in the reservoir. The wire was passed up the lumen of the 
subglottic tube and out through a tiny hole in the tube wall. The 
cork could then be pulled up by the wire to block the bottom of 
the tube to allow the reservoir to be removed acoustically from 
the apparatus while the larynx was vibrating. Recordings were 
made at airflow rates from 83 to 412 ml/s. In exactly the same 
way recordings were made of sound from the artificial larynx. 


To estimate the resistance of airflow in patients with bilateral 
vocal cord paralysis after surgical laterofixation, three larynges 
were prepared in the following way. A straight surgical needle 
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Fig. 16. Noise spectra in room where vocal speetra of 
larynx at different airflow rates were obtained. 


was used to transfix both arytenoids, allowing them to be held 
any desired distance apart. Transglottic pressure was then mea- 
sured at various airflow rates with the posterior edges of the vocal 
cords separated by a distance of 2 to 5 mm. 


RESULTS 


The height of each peak of a spectral analysis was 
measured in decibels and plotted against frequency 
with a correction factor according to the following 
formula: dB corrected + dB measured = 20 logiof 
+ 60, where f = frequency. In effect a boost in 
sound pressure level was given to the low frequency 
harmonics to offest the 6 dB per octave increase in 
measured sound pressure level that occurs because 
of the radiation characteristics at the mouth.*' The 
resulting spectra could then be compared directly 
with the volume velocity spectra published in the 
literature. Spectra of room noise recorded under the 
same conditions as the vocal spectra, with various 
airflow rates, are shown in Figure 16. Noise sound 
pressure level was always at least 10 dB below the 
measured signal from the vocal cords or artificial 
larynx reed; over most of the spectrum it was 20 dB 
or more below. The possible effects of noise on the 
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Fig. 17. Acoustic impedances of experimental subglottic 
tube and canine subglottic system. 
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Fig. 18. Frequency spectra of isolated larynx at two dif- 
ferent flow rates. A) 288 mL/s; B) 412 mL/s. 


resulting spectra was therefore considered insignifi- 
cant. 

Values of acoustic input impedance were 
calculated*’ for the subglottic tube, assuming thai 
the bottom end was either closed or open. The two 
curves are plotted in Figure 17 along with the sub- 
glottic impedance of a dog measured and reported 
by van den Berg.*° Impedances are expressed as dB 
re 1 cgs acoustic ohm. The glass reservoir, because 
of its capacitance, acts almost as an open space. The 
impedance of the subglottic system with reservoir 
can therefore be approximated closely by curve B. 
The actual impedance curves will not have such 
sharp peaks and valleys as the theoretical ones 
shown because of damping. It can be seen that the 
tube with reservoir approximates the human sub- 
glottie system more closely than the tube alone. 


There was no difficulty forcing the isolated 
larynges to make sound. Once the arytenoids were 
brought together by lateral tension on the threads, 
reproducible spectra could be obtained. There was 
a definite difference between the isolated human 
larynx spectra obtained with and without the reser- 
voir. 


Figure 18 shows spectra from a larynx excited at 
two different airflow rates under both conditions. It 
is apparent that significant acoustic coupling occurs 
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flow rates. 


between the vocal folds and the subglottic air col- 
umn at least in one of the two configurations. Also 
shown is a line with negative slope of 12 dE per oc- 
tave. The laryngeal spectra generally conforms to 
this slope. Considering the curves generated with 
the reservoir present (the more relevant omnes), the 
general pattern consists of a rapid fall-off cf sound 
pressure level with frequency, a nadir at 250 to 450 
Hz, a peak at 450 to 550 Hz, a second nadi- at 750 
to 825 Hz, and then a final upturn. 


Spectra of the reeds in the artificial larynx showed 
a somewhat similar pattern (Fig. 19). The major 
difference is that the third, fourth, and fifth har- 
monics are relatively accentuated compared to the 
human laryngeal spectra. There was no variation of 
fundamental frequency with airflow rate. Further- 
more, the frequency of vibration of the system was 
different from the resonant frequency of the reed. 
This indicates significant coupling between the reed 
and the subglottic air. Of interest is that the fun- 
damental frequency of vibration does not at all cor- 
respond to the resonant frequency of the reed. Fig- 
ure 19 shows the spectra of the C#3 reed et three 
rates of airflow. The fundamental frequency of vi- 
bration is approximately 14 Hz lower than its reson- 
ant frequency (138.6 Hz). 


= Subglottic coupling with the plastic reeds is 

therefore significant. Figure 20 shows the sp2=ctrum 
of the same reed with a 27-mg weight attached to 
the tip. The fundamental frequency is lower, as 
would be expected; however, the overall sp2ctrum 
is very similar to that of the unweighted reed. 


When the artificial larynx with plastic reed is put 
in the apparatus and air is passed through at low 
flow there is no vibration. As airflow rate is grad- 
ually increased the threshold flow for vibreétion is 
eventually reached (cut in) and the reed vibrates. If 
the airflow rate is then slowly decreased a second 
flow rate will be reached at which vibration ceases 
(cut out). For all three reed configurations tested 
the cut-out flow rate was lower than the cut-in rate. 
Table 3 shows cut-in and cut-out airflow rates for 
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Fig. 20. Frequency nen of artificial larynx with reed 
shown in Fig. 19 with a 27-mg weight attached to tip. 


the plastic reeds. Transglottic pressure in the ar- 
tificial larynx during unvoiced expiration with the 
reeds in place is higher than in human cadaver lar- 
ynges. Figure 21 shows the transglottic pressure 
measured in the artificial larynx with and without 
reeds and in cadaver larynges. 


The relative vocal efficiency of several contigur- 
ations of the artificial larynx and an isolated human 
larynx are shown in Figure 22. Total sound pressure 
level is plotted against power dissipated by the air 
passing through the glottis. All of the reed config- 
urations are more efficient than the human larynx. 
It is also evident that the D3 reed (resonant frequen- 
cy 146.8 Hz) was more efficient than the C # 3 reed 
(resonant frequency 138.6 Hz). The efficiency of 
the C # 3 reed could be increased by gluing the small 
lead weight to the reed tip. 


DISCUSSION 


It appears that coupling between the vibrating 
source and the adjacent air cavities may influence 
the behavior of the source, particularly the plastic 
reeds. It is interesting that the fundamental fre- 
quency of vibration of the plastic reed system is not 
the same as the resonant frequency of the reed. This 
suggests that the system might be modeled as a pair 
of coupled oscillators. The current belief that cou- 
pling between the vocal cords and subglottic air 
changes the glottic sound spectrum very little ob- 
viously cannot be assumed for an artificial sound 
source. 


Coupling between the vocal cords and the uncon- 
stricted supraglottic vocal tract is considered insig- 


TABLE 3. CUT-IN AND CUT-OUT AIRFLOW RATES 


FOR DIFFERENT REEDS 
Flow Rate (mlis) 
Reed Cut-In . Cut-Out 
C#3 370 285 
C#3 (loaded) 330 205 
D3 330 205 
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Fig. 21. Transglottic pressure of artificial and cadaver 
larynges as function of airflow rate. 


nificant except at the frequencies near about 500 
Hz.***4 When the tract is constricted, however, 
coupling may be enhanced and the glottic spectrum 
may be affected considerably.*” No attempt was 
made to reproduce supraglottic coupling. Many 
configurations of the pharynx, palate, tongue, and 
lips may be produced at will by the patient and con- 
tinuously adjusted according to the sound output 
fed back through the ear. This acoustic filter system 
is inside the feedback loop. Therefore, the overall 
effect of supraglottic coupling is extremely difficult 
to simulate. 


With the plastic reeds in the artificial larynx it 
appears that the fundamental frequency of vibra- 
tion cannot be varied by changing the airflow rate; 
however, the frequency spectrum can be varied in 
this manner. The corresponding change in vocal 
timbre might convey some degree of vocal intona- 
tion. Free breathing is possible with the artificial 
larynx with all expired air passing through the reed. 
Laryngeal resistance to airflow is higher in ertificial 
larynges than in human cadaver larynges. 


Whether this degree of resistance would be objec- 
tionable to a patient is presently unknown. It is 
possible, however, by moving the reed anteriorly, 
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Fig. 22. Relative vocal efficiency of several configurations 
of astificial larynx and isolated human larynx. 


to create a space for air to bypass the reed within 
the la:ynx. This would lower expiratory resistance 
that would at the same time increase the cut in air- 
flow zate for vocalization. Each patient would, 
therefore, be able to adjust the reed for his own 
comppmise between ease of speaking and of 
breathing. For strenuous exercise the reed assembly 
may be removed entirely to provide airflow resis- 
tance of an order of magnitude similar to the re- 
sistance during unvoiced breathing in intact human 
larynges. The voice hysteresis demonstrated in the 
reed zssemblies is an obvious advantage in that 
airflow rate during vocalization is less than would 
be required if there were no hysteresis. 


CONCLUSIONS 


A bench test apparatus has been described that 
can measure the frequency spectra of isolated hu- 
man lerynges and reed sound sources within an arti- 
ficial arynx. Objective criteria have been stated, 
whenever possible, by which artificial sound 
source: may be judged. An assembly has been de- 
signed to allow the use of plastic reeds in an artifi- 
cial la-ynx. The reed mechanism can easily be re- 
moved and cleaned. A means of increasing the effi- 
ciency of sound production has been described. 
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The purpose of this study was to gain basic information about the postnatal development of the vestibular aqueduct (VA) and the en- 
dolymphatic sac (ES). For this study, serial horizontal sections of 31 normal temporal bones of individuals whose ages ranged from 0 to 13 
years were used. Medial view graphic reconstruction of the VA and rugose portion (RP) of the ES was performed in every case for analysis 
of the VA and RP. The findings of this study revealed the following new information about the postnatal development of the VA and ES. 1) 
The VA and RP undergo significant growth postnatally up to age 3 years. 2) In the newborn, individual variations in the VA and RP 
already exist and at age 3 years significantly wide individual variations which can be classified into three groups (hypoplastic, normoplas- 
tic, hyperplastic) may be recognized. 3) Hypoplastic VAs are of two types: one is fairly elongated and tubelike while the other is short and 
funnel-shaped. The tubelike VA seems to be the prenatal form. 4) The changes that occur with development postnatally in the area of the 
VA are more closely related to the changes that occur in the length of the external aperture of the VA than they are to the changes that oc- 
cur in the length of the VA. 5) Development of the area of the VA is closely correlated with development of the area of the RP. 


INTRODUCTION 


While the rest of the labyrinth attains its adult 
size by the middle of fetal life, the vestibular 
aqueduct (VA) and the endolymphatic sac (ES) un- 
dergo great changes in late fetal and postnatal life.’ 
However, to our knowledge, no thorough investiga- 
tion has so far been performed into the postnatal 
development of the VA and ES in the human ear. 
Clinically, however, hypoplasia of the VA and ES 
has recently become of interest to otologists, who 
feel that pathology of these structures may possibly 
be associated with endolymphatic hydrops’ or 
Meniere’s disease.* The purpose of this study is to re- 
port new anatomical findings on the postnatal de- 
velopment of the VA and ES in children. 


MATERIALS AND METHODS 


From the collection of 1.342 temporal bones in our 
Otopathology Laboratory, 31 bones from 31 different children 
were carefully chosen to meet the following three conditions: 1) 
no congenital middle ear or inner ear anomaly was present; 2) the 
entire VA was included in the specimen; 3) the rugose portion 
(RP) of the ES was included. 


Temporal bones from individuals whose ages ranged from 0 to 
13 years were classified into seven groups according te age. Classi- 
fication and age distribution of the temporal bones are shown in 
Table 1. In addition, as control cases, three temporal bones from 
adults with no history of ear disease were selected from 157 bones 
to show normoplasia, hypoplasia, and hyperplasia of the VA. The 
variations in form of the VA and RP noted in the adult bones were 
compared to those observed in the bones from children. 


The temporal bones were removed at autopsy and immediately 
fixed in formalin. After decalcification and dehydration, they 
were embedded in celloidin and sectioned horizontally at 20-z. 
Every tenth section was stained with hematoxylin and eosin (H & 
E), and mounted on a glass slide for light microscopic study. 


The VA is a complicated 3-dimensional structure that shows 
wide individual variations in form.** In studying the normal de- 
velopment of such an organ it is necessary to analyze an adequate 
number of cases, and to choose the method of analysis carefully. 
Recently, Egami et al? and Sando et al® reported on a new method 
of cochlear graphic reconstruction to study the VA and the para- 
vestibular canaliculus (PVC); their modification of Schuknecht’s 
graphic reconstruction techniques was used to study the morphol- 
ogy of these structures in the medial view. This method is rela- 
tively simple in comparison to other methods‘ used previously and 
enables an easier reconstruction of 3-dimensional structures 
graphically as 2-dimensional structures. In addition, this method 
allows for qualitative and quantitative analysis of these compli- 
cated structures. This graphic reconstruction method was used for 
all cases in the present study. The method was also used to recon- 
struct and draw the RP on the same medial view graph as that 
used to represent the VA. In each horizontal section the limit of 
the RP was measured from the anterior end to the posterior end of 
the lumen. 


Because it was difficult to establish the location of the RP, par- 
ticularly in specimens in which the VA was hypoplastic, we used 
three criteria to decide where this structure lay. Under the micro- 
scope we looked for the following three histological features to 
define the RP:’ 1) rugosity; 2) loose, vascular, subepithelial con- 
nective tissue; and 3) cuboidal to columnar form of the epithelial 
cells. 


After graphically reconstructing the VA and RP, we made sev- 
eral measurements (Fig. 1): 1. The areas of the VA and the RP 
were measured by compensating polar planimeter. 2. The length 
of the external aperture (EA) was taken as the distance between 
points a and b on Figure 1. The length of the VA was determined 
by drawing a line from the midportion of the internal aperture (i) 
to that of the external aperture (e) of the VA such that the line (ie) 
passed as closely as possible through the middle of the VA. This 
was accomplished by drawing lines parallel to line ab at 2-mm in- 
tervals and then connecting the midpoints of these lines. This re- 
sulted in line ie. The length of the line ie was then equal to the 
length of the VA. 


For statistical analysis of the present study, the f test and Stu- 
dent’s t test were used. In addition, for studying the relationship 
of the development of the VA to that of the RP and the mastoid, 
we also noted the rugosity of the RP and the degree of pneumati- 
zation of the temporal bone. 


From the Department of Otolaryngology and Pathology, University of Pittsburgh School of Medicine, Eye and Ear Hospital of Pittsburgh. This study 
was supported by Research Grant NS 13787 from the National Institute of Neurological and Communicative Disorders and Stroke. 
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TABLE 1. MEAN VALUES (M + SD) AND RANGES OBTAINED IN MEASUREMENTS 
FOR AREAS OF VA AND RP AND LENGTHS OF EA AND VA IN EACH AGE GROUP 


Age No. Area (mm? Length (mm 
Group Cases VA } RP (e VA 
0-1 mo 4 3.3 + 0.7 2.4 + 1.4 1.7 + 0.4 4.4 + 0.2 
` (2.5 — 4.3) (1.2 — 4.4) (1.3 — 2.2) (4.1 — 4.4) 
2-12 mo 6 4.1 + 0.8 3.2 + 1.6 2.0 + 0.4 5.1 + 0.8 
(3.0 — 5.3) (0.8 — 5.7) (1.4 — 2.5) (4.4 — 6.2) 
1-2 yr 2 3.8 + 1.5 2.2 + 0.8 2.1 + 0.9 4.7+0.3 
(2.7 — 4.8) (1.6 — 2.7) (1.4 — 2.7) (4.5 — 4.9) 
3-4 yr 6 9.7 + 5.4 5.8 + 3.0 3.9 + 1.1 6.1 + 1.2 
(3.7 — 18.4) (2.7 — 11.2) (2.2 — 5.5) (4.4 — 7.5) 
5-7 yr 4 10.4 + 5.0 5.7 + 3.5 3.4 + 1.7 7.3 + 0.8 
(3.7 — 14.7) (2.5 — 10.0) (1.4 — 5.4) (6.2 — 8.3) 
8-10 yr 6 9.8 + 5.7 4.6 + 2.4 3.9 + 1.4 6.6 + 1.1 
(2.8 — 20.1) (0.9 — 7.9) (1.8 — 6.0) (5.0 — 8.3) 
11-13 yr 3 16.6 + 11.8 8.7 + 5.9 4.6 + 2.2 8.7 + 1.3 
(5.3 — 28.8) (2.1 — 13.5) (2.4 — 6.8) (7.6 — 10.2) 


VA - Vestibular aqueduct; RP - Rugose portion; EA - External aperture. 


RESULTS 

DEVELOPMENT OF THE VA AND RP IN CHILDEEN 

Figure 2 shows the areas of the VA and RP mea- 
sured for each case as a function of the age of the 
child. Table 1 summarizes the mean values (M + 
SD) and the ranges obtained for areas of the VA and 
RP and for lengths of the EA and VA, in esch age 
group. 

Newborns (4 Cases). In this group the areas of the 
VA and RP were small and the EA and VA were 


` 





short; there was some individual variation except in 
the area of the RP. When the VA and RP were rep- 
resented graphically, the EA was located inside the 
inner arch of the posterior semicircular canal (PSC) 
and the RP extended to the posterior cranial fossa in 
all cases. In three cases, the ES and the sigmoid 
sinus overlapped slightly. Figure 3 shows a medial 
view reconstruction of the area of the ES outside the 
VA for two representative cases (one with the 
largest VA and the other with the smallest VA) in 
this group. Histologically, the specimen with the 


Fig. 1, Medial view reconstruction graph of VA and RP used to make measurements. Area of VA is indicated by 
thick lines (a-b-c-d) and area of RP is indicated by shading. Length of EA is indicated by straight line (ab) and 


length of VA is line (ie) made by connecting midpoint of internal a 
as marked at 2<mm intervals par to line ab. C - 


along middle of course of VA 


to that of external aperture (e) of VA 
o Cochlea; H - Horizontal line 


tangential to arches of lower basal turn of cochlea and lower inner circle of posterior canal. 
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largest VA was highly rugose, whereas in the case 
with the smallest VA the rugose portion had few 
folds (rugosities). In every case in this group the 
periantral air cells were extremely poorly developed 
and the periaqueductal air cells could not be seen. 


Two to Twelve Months (6 Cases). In this group 
the areas of the VA and RP and the lengths of the 


Fig. 3. Reconstruction graphs showing 
largest and smallest VAs observed in 
newborn group. A) Largest VA, from 
2-day-old infant. Medial view recon- 
struction shows VA to be relatively small 
and short with somewhat funnel-shaped 
dilatation. ES is located inside inner arch 
of PSC. ES outside VA is shown by thin 
line extending from external aperture of 
VA; distal portion overlaps sigmoid sinus 
slightly. Area of RP is also the largest in 
this ips , extending from VA to intra- 
duralis of posterior cranial fossa. Ratio of 
segment of RP in intraduralis to entire RP 
is 55%. B) Smallest VA, from 12-da -old 
infant. Medial view reconstruction shows 
VA to be small, short, and tubelike. EA is 
located inside inner arch of PSC. Area of 
RP is also smallest in this group, with 
most of RP being contained in VA. Distal 
portion of ES overlaps sigmoid sinus very 
slightly. SS - Sigmoid sinus. 








Fig. 2. Results of measuring 
areas of VA and RP of 31 
cases shown as function of 
specimen age. Areas of three 
| | different types of adult VA 
| Sahar normoplastic, 
| and hyperplastic) are also 

shown. © - VA area; @ - RP 
| | area. Areas of VA and ES for 
each case are connected by 
line. 








Adult 


EA and VA were slightly greater than those in the 
newborn group, but the ratios of the areas of the 
largest VA to that of the smallest VA and of the 
areas of the largest RP to the smallest RP were simi- 
lar to those calculated in newborn specimens. In 4 
of the 6 cases, the EA was still located inside the in- 
ner arch of the PSC. The RP extended into the pos- 
terior cranial fossa to a varying distance in four 
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cases. The degree of folding evident in zhe RP 
showed about as much variation between specimens 
as was evident among specimens in the newborn 
group. The periantral air cells were poorly devel- 
oped in the greater part of the mastoid region and 
the periaqueductal air cells were undevelcped in 
the specimens. 


One to Two Years (2 Cases). The specimens in 
this group were from two children, aged 13 and 14 
months. There was no evident increase in the areas 
of the VA and RP or in the lengths of the EA end VA 
from those measured in the group of specimens 
from children aged 2 to 12 months. In bott cases, 
the EA was located inside the inner arch of the PSC. 
In one case the RP extended to the posterior cranial 
fossa, while in the other case the VA and R? were 
smaller and the RP was located within the VA. The 
folds of the RP were distinct in one case and rela- 
tively distinct in the other case. The periantral air 
cells were more developed in the specimens of this 
group than in those from the children aged 2 to 12 
months, particularly in the upper part of the mas- 
toid. The periaqueductal air cells were still unde- 
veloped. 


Three to Four Years (6 Cases), In this group the 
degree of development and the evidence of wide in- 
dividual variations in the shapes of the VA and RP 
became marked (Figs. 2 and 4, Table 1). The mean 
area of the VA was 2.9 times that in the newborn 
group, while the mean area of the RP was 2.4 times 
that in the newborn group. The mean length of the 
EA was 2.1 times that in the newborn group, and 
the mean length of the VA was 1.4 times that in the 
newborn group. In the medial view reconstructions 








ns 4. Reconstruction graphs showing largest and smallest 
VAs observed in group aged 3 to 4 years. A) Largest VA, 


from 3-year-old male. Medial view reconstruction shows 


VA to be large, elongated, and to have marked funnel- 
shaped dilatations. VA extends to arch of PSC. RP is 
located within VA. B) Smallest VA, from 4-year-old fe- 
male. Medial view reconstruction of VA shows it to be 
smali and short with funnel-sha dilatation. EA is 
eae inside inner arch of PSC. Smal! RP is located in 


of the specimens in this group, all VAs showed 
funnel-shaped dilatations, but there was wide vari- 
ation in size. The VA extended to or through the 
arch of the PSC in 4 of the 6 cases; in the other 2 
cases it remained inside the inner arch of the PSC. 
In five cases, almost the entire RP was located 
within the VA, while in the remaining case the RP 
extended to the posterior cranial fossa. The largest 
and the smallest VAs in this group are presented in 
Figures 4 and 5. The folds of the RP were distinct in 
every case, including the smallest, funnel-shaped 
VA. The periantral air cells were hollowed out and 
moderately or well developed in every case, but no 
periaqueductal air cells could be seen in any spec- 
imen. 

Five to Seven Years (4 Cases). In this group the 
areas and lengths of both the VA and RP and their 
wide individual variations were very similar to 
those of the specimens from children aged 3 to 4. In 
three cases, medial view reconstruction showed a 
funnel-shaped VA of varying size, while in the re- 
maining case the VA was small and tubelike. In 
every case, the VA extended to or through the arch 
of the PSC and the RP was located within the VA. 
The folds of the RP were distinct in the three cases 
in which the VA was funnel-shaped, but indistinct 
in the other case in which the VA was tubelike (Fig. 
6). The periantral air cells were moderately or well 
developed in each case, but the periaqueductal air 
cells were observed only in one case, that with the 
largest VA. 


Eight to Ten Years (6 Cases). The areas of both 
the VA and the RP and the degree of individual var- 
iation in this group were similar to those seen in the 
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specimens from children aged 3 to 4 years. The de- 
gree of variation in the appearance and the location 
of both the VA and the RP in medial view recon- 
structions were also similar to that seen among spec- 
imens in the 3 to 4-year-old and the 5 to 7-year-old 
groups. The folds of the RP were distinct in every 
case except one, in which the VA was tube ike. The 
periantral air cells were underdevelopec in two 
cases and moderately developed in the other four 
cases. The periaqueductal air cells could be seen on- 
ly in the specimen with the largest VA. 


Eleven to Thirteen Years (3 Cases). The degree of 
variation in development of the VA and ES among 
the cases in this group was similar to that seen in the 
other three groups of cases older than three years. 
The folds of the RP were distinct in two cases in 
which the VA was funnel-shaped, but the RP was 
extremely poorly developed in the third case, in 
which the VA was tubelike. The periantral air cells 


i 


PCR. 


aa 
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Fig. 5. Horizontal sections showing 
largest and smallest VAs observed in 
group Ep 3 to 4 years. A) VA is 
elongated and extends to area (large ar- 
row) near most posterior portion of PSC 
(P). RP is located in VA and folds are 
distinct (small arrow). B) VA has funnel- 
shaped dilatation and is short; external 
aperture (large arrow) of VA leading to 
posterior cranial fossa (PCF) is close to 
midportion (*) of plane of PSC (P). RP is 
located in VA and folds are moderately 
well developed (small arrow). V - Vesti- 
bule. (H & E stain, x 20) 


were moderately to well developed in each case. 
The periaqueductal air cells were observed only in 
the specimen which had the largest VA. 


FORMS OF THE VA AND RP IN ADULT SPECIMENS 


In addition to measuring the areas of the VA and 
RP and the lengths of the EA and VA in children’s 
bones, we measured these structures in three differ- 
ent types of adult temporal bones. These measure- 
ments are shown in Figure 2 and Table 2 and were 
used as controls in our study. These three cases are 
described below. 


Hypoplastic VA (38-year-old male). The RP was 
indistinct. Its folds were extremely poorly devel- 
oped and there was very little subepithelial connec- 
tive tissue in this portion. Medial view reconstruc- 


tion showed the VA to be small and short and some- 
what funnel-shaped. The EA remained inside the 





inner arch of the PSC. The extremely small RP was 
located in the VA. The periantral air cells were un- 
derdeveloped and the periaqueductal cells could 
not be seen. 


Normoplastic VA (65-year-old female). The folds 
of the RP and the subepithelial loose connective 
tissue were distinct. Medial view reconstruction 
showed that there was a well-developed, funnel- 
shaped dilatation of the VA. The EA extended to 
the area posteromedial to the outer arch of the PSC. 
The RP was located in the VA. The periantral air 
cells were moderately developed, but the periaque- 
ductal air cells could not be observed. 


Hyperplastic VA (69-year-old female). The RP 
was distinctly rugose and contained subepithelial 
connective tissue. Medial view reconstruction 
showed that an extremely well-developed, funnel- 
shaped dilatation of the VA was present. The VA 
extended to the area posteromedial to the PSC and 
the EA was far removed from the outer arch of the 
PSC. The large RP was located in the VA. The peri- 
antral air cells were well developed but the peri- 
aqueductal air cells could not be observed. 


STATISTICAL ANALYSIS 


The mean values (M + SD) and ranges for the 
areas of VA and RP and the lengths of the EA and 
VA obtained in each age group are presented in 
Table 1. A statistically significant difference 
(p<0.05) existed between the areas of the VA and 
RP in the specimens from children aged less than 12 
months and those from children aged 3 to 4 years 
(Fig. 2 and Table 1). However, we could not find 
any significant difference (p<0.2) between the 
areas of the VA and RP in bones from children aged 
3 to 4 years and these areas in bones from older 
children. Wide variations and a marked increase in 
the area of both the VA and RP were noted in the 19 
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3 6. Horizontal section showing 
tubelike VA observed in specimen in 
poup aged 5 to 7 years. VA has no 
unnel-shaped dilatation and its distal 
portion is iclocatea anteriorly. RP is ex- 
tremely small and folds are extremely 
booty developed (arrow). (H & E stain, 
x 20). 


cases from children aged 3 years or older in com- 
parison with these measurements in the 12 cases 
from children aged younger than 3 years. 


DISCUSSION 


Some interesting aspects of the developmental 
anatomy of the ES and VA are presented by pre- 
vious reports. In the human fetus, the endolym- 
phatic sac undergoes great changes throughout fetal 
life and even into early postnatal life,” whereas the 
labyrinth reaches its maximum size and fully dif- 
ferentiates by the middle of fetal life. By midterm, 
the endolymphatic sac (in which the low rugae had 
developed by eight weeks of gestation) is small and 
fairly straight, lying almost parallel to the common 
crus. During the latter half of fetal life and in early 
postnatal life’ as the posterior cranial fossa enlarges 
three significant gross changes in the endolymphat- 
ic duct and sac occur: 1) bending of the duct, 2) 
enlargement of the sac, and 3) tendency of the sac to 
separate from the sigmoid sinus. During the same 
period remodeling of the otic capsule in the region 
of the vestibular aqueduct takes place? and the 
shape of the external aperture of the VA alters to ac- 
commodate changes in position of the ES.° 


Observations on the postnatal development of the 
VA and ES made in the course of this study are as 
follows. 


TABLE 2. MEASUREMENTS OF THREE TYPES OF VA 
OBSERVED IN ADULT TEMPORAL BONES 


Area Area Length Length 

of VA of RP of EA of VA 
Type of VA mm? mm? mm mm 
Hypoplastic 4.0 1.2 3.1 5.2 
Normoplastic 11.8 4.6 3.8 7.8 
Hyperplastic 28.3 14.3 5.9 |W 
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DEVELOPMENT OF THE VA AND RP 


For the first year after birth the VA is small and 
shows some individual variations in form. The RP is 
also small but shows wide individual variation in 
form. By ages 3 to 4 years marked development of 
the VA and RP may be noted. Wide individual vari- 
ations, similar to those seen in the VA and ES of 
adults* may be observed. The VAs and RPs of chil- 
dren aged 5 to 7 years, 8 to 10 years, and 11 to 13 
years were not statistically different from those of 
children aged 3 to 4 years. Our findings may be 
summarized as follows: for the first year after birth, 
growth of the VA and RP is fairly gradual. By age 3 
years, the VA and RP have reached nearly adult 
size. However, there is wide variation in the sizes of 
the VA and RP among individuals. By age 3 to 4 
years the average length of the EA is close to that of 
adults as measured by Anson et al.* 


Significant increase in head circumference con- 
tinues until age 3 years,'® and although pneumati- 
zation of the mastoid usually begins in late fetal life, 
significant mastoid cell formation takes place post- 
natally. Mastoid air cells form as the mastoid pro- 
cess grows, a process that becomes marked by age 2 
years, and by age 3 years the mastoid is fairly well 
developed.'''? The development of the VA and ES 
appears to be closely associated with the develop- 
ment of the posterior cranial fossa and of the mas- 
toid region of the temporal bone, and to be mostly 
completed by age 3 years. 


ANATOMICAL CORRELATION 


Both the relationships of the area of VA to the 
length of the EA and of the area of the VA to the 
length of the VA during development showed statis- 
tically significant correlations. However, the 






Fig. 7. Relationships of A) area of VA to 
length of EA and B) area of VA to length 
of VA. Area of VA is more eo cor- 
related to length of EA than it is to length 
e Aia O - Under age 3; W - Age 3 or 
older. 


8.0 9.0 10.0 (mm) 


Length of VA 


former relationship (correlation coefficient = 0.94) 
was more closely correlated than the latter (correla- 
tion coefficient = 0.85) (Fig. 7). It appears that dur- 
ing postnatal development of the VA the lengths of 
the EA in particular and of the VA in general in- 
crease as the area of the VA increases. Statistically 
significant correlations (p<0.01) exist between the 
area of the VA and that of the RP at all develop- 
mental stages. However, the correlation for the 
group of specimens from children younger than age 
3 years is somewhat different from that for the chil- 
dren aged 3 years or older. The correlation coeffi- 
cient and regression line for the former group were r 





Y = 1.96 +1.54X 


Y =2.51+0.46X 


15 (mm?) 
Area of RP 


Fig. 8. Relationship between area of VA and area of RP. 
O - Under age 3; W - Age 3 or older. 
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TABLE 3. MEAN AREAS (M + SD) OF EACH TYPE OF VA IN SPECIMENS AGED 3 YEARS OR OLDER (19 CASES) 


Area of VA Area of RP es ia Length of VA 
T of VÀ No. mm’ mm? mm aiei 


Hypoplastic 5 4.0 + 0.9 3.4 + 1.2 2.2 + 0.7 5.8 + 1.4 
Normoplastic 11 - 11.0 + 2.7 6.5 + 2.9 3.9 + 0.7 7.1 + 0.8 
Hyperplastic 3 22.4 + 5.6 9.2 + 3.8 6.1 + 0.7 8.4+ 1.8 


= 0.9, Y = 2.51 + 0.46X, and those for tke latter 
group werer = 0.81, Y = 1.96 + 1.54 X (Fig. 8). 


In regard to the relationship between position of 
the VA and RP and age, Zechner and Altman” 
reported that the RP in the newborn lies outside of 
the VA and gradually becomes incorporated into 
the bony capsule. In our study, medial view recon- 
struction of the specimens demonstrated that the RP 
extends from the VA to the posterior cranial fossa in 
newborns. In children aged 2 to 12 months the re- 
lationship between these structures was sinilar to 
that seen in newborns. By age 3 to 4 years, however, 
almost the entire RP was located within the VA in 
all of our specimens but one. In the specimens from 
children older than age 4 years most of the RP was 
located within the VA in every case. The statistical 
and positional alterations in the relationship be- 
tween the VA and RP during development that we 
have reported appear to be the result of differences 
in rate of development of these structures. Although 
both the VA and RP grow postnatally and both ap- 
pear to achieve almost their adult sizes by age 3 
years, and although their growth is correlated, in 
actuality the VA grows more than does the RP (Fig. 
8). Thus, most of the RP appears to become incor- 
porated into the VA by the time a child is aged 3 
years. 


CLASSIFICATION OF VA 


Assuming that the VA is mostly developed by age 
3 years, the 19 specimens in our study group of 31 
specimens that were from individuals older than 
age 3 years may be classified into three groups on 
the basis of size of the VA — hypoplastic, normo- 
plastic, and hyperplastic (Fig. 7 and Table 3). Ac- 
cording to the classification system established by 
studying 79 adult normal temporal bones," the VAs 
with areas measuring 8 to 18 mm? are classified as 
normoplastic, those with areas under 8 m:n? are 
classified as hypoplastic, and those with areas over 
18 mm? are classified as hyperplastic. Of the 19 
specimens, 5 (26%) in our study group that were 
older than age 3 years were classified as hypoplas- 
tic, 11 (58%) as normoplastic, and 3 (16%) as hy- 
perplastic. 


As shown in Table 3, VAs of each type are mark- 
edly different in area, and the area of the BP and 
the lengths of the EA and VA also differ among 
specimens of the three groups. The mean azeas of 
the hypoplastic VA and RP are approximately one 
third and one half of those of the VA and RF of the 
normoplastic group, respectively, and the azeas of 


the hyperplastic VA and RP are approximately 2 
times and 1.5 times larger, respectively, than those 
of the normoplastic VA and RP. The average length 
of the EA varied more from group to group than did 
the average length of the VA (Table 3 and Fig. 9). 


Hypoplastic VA. When the lengths and areas of 
both the VA and the RP in specimens with hypo- 
plastic VAs are compared to those in newborns, it 
may be seen that the EA and VA in the former 
group are slightly larger: the area of the VA is 1.2 
times that of the newborns, the area of the RP is 1.4 
times that of newborns, and the lengths of the EA 
and of the VA are both 1.3 times those of newborns 
(Fig. 9 and Tables 1 and 3). The hypoplastic VAs in 
this group may be subclassified into two different 
types as follows: in 3 of the 5 hypoplastic VA cases 
the VA was small, fairly elongated, and tubelike as 
seen in Figure 6, while in the remaining two cases 
the VA was small and short with a funnel-shaped 
dilatation such as seen in Figures 4B and 5B. 


In the specimens that had tubelike VAs, the EA 
extended to the arch of the PSC in two cases and the 
EA was located inside the inner arch of the PSC in 
another case. The RP was located within the VA in 
every case. In all three cases the areas of the RP 
were extremely small, the folds were poorly devel- 
oped, and the loose subepithelial connective tissue 
was hypoplastic. The VA and RP were only slightly 
larger than those of the newborns, but the VA was 
fairly elongated. The features, size, and location of 
the tubelike hypoplastic VA and RP were similar to 
those of the tubelike hypoplastic VA and RP in the 
newborn group and the adult control case. The 
periantral air cells were moderately developed and 
pneumatized in every case, but no periaqueductal 
air cells were found (Table 4). 


In both specimens that had funnel-shaped VAs, 
the EA was located inside the inner arch of the PSC. 
The RP was incorporated in the VA in one case, but 
extended to the posterior cranial fossa in the other 
case. The areas of the RPs were small in these two 
cases, the folds were moderately well developed, 
and the loose subepithelial connective tissue was 
fairly thick. The features, size, and location of the 
VA and ES in these two cases were similar to those 
in three cases (excluding the specimen with the 
smallest VA) in the newborn group. In these two 
cases, the periantral air cells were underdeveloped 
and the periaqueductal air cells were not devel- 
oped. 
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Fig. 9. Lengths of EA and VA for each of four different 
types of VA: A - Tubelike hypoplasia; A - Funnel-shaped 
hypoplasia; @ - Normoplasia; © - Hyperplasia. Parallel 
vertical lines indicate limits of 1 SD of mean of length of 
EA; parallel horizontal lines indicate limits of 1 SD of 
mean of length of VA in newborn group. 


In specimens in which the VA was tubelike, 
pneumatization of the temporal bone had appar- 
ently proceeded as it had in the majority of speci- 
mens with normoplastic VAs, whereas extremely 
poor pneumatization was observed in the specimens 
from newborns. In spite of the postnatal growth of 
the temporal bone evident in those cases, the VA 
was still hypoplastic and the folds of the RP were 
poorly developed, just as they were in the specimens 
with tubelike VA in the newborn group. Thus, we 
feel that tubelike VAs are likely to be the result of 
prenatal hypoplasia of this structure; to contain hy- 
poplastic ES; and to persist even after maximum 
postnatal growth of the posterior cranial fossa has 
been obtained. 


Normoplastic VA. In the specimens with normo- 
plastic VAs, the VA and RP were on the average 3.3 
and 2.7 times, and the lengths of EA and VA were 
2.3 and 1.6 times those of the newborn group, re- 
spectively. All VAs of this group showed funnel- 
shaped dilatations and extended to or through the 
arch of the PSC. Almost the entire RP was located 
within the VA in every case. The area of the RP was 
moderate in size in all the cases. The features, size, 
and location of the normoplastic VAs and RPs were 
similar to those of the normoplastic VAs and RPs in 









TABLE 4. RELATIONSHIP BETWEEN THREE TYPES 
OF VA AND DEVELOPMENT OF MASTOID AIR CELLS 


Periantral Air Cells Periaqueductal 
Under- Moderately Well Air Cells 
Type devel- Devel- Devel- 

VA No. oped oped oped -— + 
Hypoplastic 5 2F 3T OL oF 
Normoplastic 11 2 6 3 10 l 
Hyperplastie 3 2 l ] 2 


T - Tubelike VA; F - Funnel-shaped VA. 


the adult control cases. The folds of the RPs were 
distinct and the loose subepithelial connective tissue 
was thick. Development of periantral air cells var- 
ied from underdeveloped to well developed in this 
group, but in the majority of cases (6 cases) the 
mastoid was moderately well pneumatized. Peria- 
queductal air cells were poorly developed in most of 
the cases in this group. 


Hyperplastic VA. The areas of the VAs and RPs 
in these specimens were approximately 6.8 and 3.8 
times those of the VA and RP in the newborn speci- 
mens, and the lengths of the EA and VA were 3.6 
and 1.9 times those of newborns. Medial view re- 
construction of the VAs in this group showed that 
all specimens had funnel-shaped VAs with wide di- 
latations and that all the VAs extended to or 
through the arch of the PSC (Fig. 4A). Almost the 
entire RP was located within the VA. In every case 
the areas of the RP were large. The features, size, 
and location of the hyperplastic VAs and RPs in 
these specimens were quite similar to those in the 
adult specimens with hyperplastic VAs and RPs. 
The folds of the RP were distinct and the loose sub- 
epithelial connective tissue layer was thick. The 
periantral air cells were moderately to well pneu- 
matized, and periaqueductal air cells were observed 
in 2 of the 3 cases. 


CONCLUSION 


In conclusion, summarizing the findings of this 
study, the following observations may be made re- 
garding the postnatal development of the VA and 
ES. 

1. In newborns the VA and RP are small, but al- 
ready show individual variations. 

9. The VA and RP grow postnatally. They increase 
in area until age 3 years, by which time they have 
attained almost their adult sizes. They show wide 
individual variations in form. 

3. Statistically significant correlations exist be- 
tween the area of the VA and the length of the EA, 
and between the area of the VA and the length of 
the VA. However, the former shows a higher corre- 
lation. 

4. The development of the area of the VA is cor- 
related with that of the area of the RP. 

5. Postnatally developed VAs can be classified in- 
to three groups (hypoplastic, normoplastic, and 
hyperplastic) based on the size of the VA. 
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6. There are two types of hypoplastic VA a fairly 
elongated, tubelike VA with poorly developed RP, 
and a short, funnel-shaped VA with fairly distinct 
rugosities. The tubelike VA appears to represent 
prenatal hypoplasia. 


Using the findings obtained in this study as nor- 
mal controls, further statistical investigations to 
find a correlation between hypoplastic VA and ES 
and endolymphatic hydrops or Menière’s disease 
would be extremely worthwhile. 


Dr. Kodama is presently Assistant Professor at the Department of Otolaryngology, University of Teikyo School of Medicine, Toyko. 
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The purpose of this study was to investigate the anatomy of the vestibular aqueduct (VA) and rugose portion (RP) of the endolym- 
phatic sac. Serial horizontal sections of 79 normal temperal bones of individuals aged 20 to 102 years were used. Medial view graphic re- 
construction of the VA was performed for each specimen to determine the area, ‘ength, angle and position of the VA. The relationship be- 
tween the width of the VA and the area of the VA, and the relationship between the degree of development of the VA and the degree of de- 
velopment of the temporal bone (periaqueductal pneumatization and the otic capsule in the periaqueductal region) were also investigated. 
Measurements of the RP were also made and further histological study of the RP was performed on 30 selected specimens. We found that 1) 
the VA in adult temporal bones varies in size and can be classified as hypoplastic, normoplastic, or hyperplastic; 2) many of the VAs in each 
group have similar sizes, although they vary in length, angle, or position; 3) all cr most of the RP was located within the VA in all but one 
specimen, which had a hypoplastic VA (in this specimen more than half of the entire RP extended into the posterior cranial fossa); 4) the 
histology of the RP was characteristic in each type of VA; and 5) the degree of development of the VA seems to correlate with the degree of 


development of the otic capsule in the periaqueductal region. 


INTRODUCTION 


The vestibular aqueduct (VA), which is the bony 
canal containing the endolymphatic duct amd endo- 
lymphatic sac (ES), and the rugose portion (RP) of 
the ES have recently become of particular interest 
to otologists because apparent hypoplasia of these 
structures in some cases has been observed in the 
temporal bones from patients with endolymphatic 
hydrops or Meniére’s disease. Several articles’? 
have discussed whether this hypoplasia of the VA 
and ES was abnormal (anomalous) or whether hy- 
poplasia was simply a normal variation. Te answer 
this question, we examined in great detail the 
anatomical variations of the VA and ES, especially 
the RP of the ES, which occur in normal adult tem- 
poral bones. 


MATERIALS AND METHODS 


Seventy-nine normal temporal bones from 79 human adults, 
aged 20 to 102 years, were used for this study. The temporal bones 
were removed at autopsy and immediately fixed in 10% for- 
malin. After decalcification and dehydration they were em- 
bedded in celloidin and sectioned horizontally at 20-4 intervals. 
Every tenth section was stained with H & E for light microscopic 
study. 


The anatomy of the VA, RP, and their related structures was 
studied by making the following quantitative and qualitative 
analyses. 


GRAPHIC RECONSTRUCTION (79 SPECIMENS) 


Graphic reconstruction was used to determine the area, length, 
angle, and position of the VA in all 79 specimens. The medial 
view graphic reconstruction method developed by Egami et al,” 
which enables an easier reconstruction of 3-dimensional struc- 
tures graphically as 2-dimensional structures, was used. 


Area of VA. The area of the VA in each specimen was mea- 
sured by compensatory polar planimetry. The VAs were classified 
as described previously’ into three groups on the basis of size of 
the VA: hypoplastic, normoplastic, and hyperplastic. These terms 
were abo used to describe degree of development of the VA. In 
addition, we developed the LAP system to analyze and classify 
the individual VAs statistically. By this system, the length (L) of 
the VA. the angle (A) of the VA, and the position (P) of the VA 
with respect to that of the posterior semicircular canal (PSC) were 
used to categorize each VA studied. The parameters of these three 
components were defined as follows (Fig. 1). 


Length of VA (L). The length of the VA was taken to be the 
distance along the middle of the VA (i to e in Fig. 1) from the in- 
ternal to the external aperture of the VA. Short VAs located in the 
area superomedial to the inner arch of the bony PSC were cate- 
gorized as belonging to group L,. Intermediate VAs extended to 
or through the area medial to the PSC, but not far (within 1 mm) 
from the outer arch of the PSC (L2). Long VAs (Ls) extended in- 
feromedially beyond the outer arch of the PSC. 


Angle of VA (A). The angle of the VA was defined as the angle 
obtained by extending two lines drawn tangential to the anterior 
and posterior margins of the distal portion of the VA to their point 
of intersection. In narrow VAs this angle was less than 20° (A,). 
Some VAs had moderately wide angles (20 to 40°)(A2). Other VAs 
had even wider angles, over 40° (As). 


Position of VA (P). The position of the VA was determined ac- 
cording to which portion of the PSC the midportion of the distal 
part of the VA lay against: P,, anterior portion of the PSC; P», in- 
ferior portion of the PSC; P,, posterior portion of the PSC. 


Width of VA (79 Specimens). The width of the VA was mea- 
sured et the proximal rugose portion of the ES. It was equal to the 
length of the line cd in Figure 2. 


DETAILED ANALYSIS OF THE RP AND ES IN THE VA (30 
REPRESENTATIVE SPECIMENS) 


The following analyses were performed on 30 specimens, 10 
carefully selected from each of the three categories of VA, because 
the ES were sufficiently well preserved for detailed study. 


From the Departments of Otolaryngology and Pathology, University of Pittsburgh School of Medicine, Eye and Ear Hospital of Pittsburgh. This study 
was supported by Research Grant NS 13787 from the National Institute of Neurolcgical and Communicative Disorders and Stroke. 
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Certain areas of the ES in the VA and RP were graphically 
drawn on the same medial view graph as that used to represent 
the VA and were measured carefully. For this measurement the 
most anterior and posterior ends of the ES in the VA end RP in 
each horizontal section were defined as their respective borders. 
The ES in the cranial fossa was not drawn because conventional 
serial horizontal sections of temporal bones do not contain the 
distal part of the ES in the cranial fossa. 


The morphological condition of the epithelial cells, fclds, loose 
subepithelial connective tissue, and vascularity in the RP were 
noted. The vascularity in the RP was measured by projecting the 
slides of the temporal bone section that contained the EP with a 
microprojector so an area of 1.3 mm on the microscope suide filled 
a circular area of diameter 18.2 cm on the paper. This magnifica- 
tion by 140 times allowed us to count every vessel in this area. 
Vessels were counted in the same way in another area of the RP 
about 400 » distant. The average number of vessels ic the two 
areas of the RP was then defined as the vascularity of the RP. 


DEGREE OF PNEUMATIZATION AND THICKNESS OF 
THE OTIC CAPSULE (79 SPECIMENS). 


We investigated the mastoid pneumatization in the peria- 
queductal region and development of the otic capsule in the peria- 
queductal region. 


The degree of periaqueductal pneumatization was classified ac- 
cording to Stahle and Wilbrand,' and Plantenga and Browning,* 
as group I (large air cells), group I (varying types of pneimatiza- 
tion, mostly small air cells, or small bone marrow spaces), and 
group II (no pneumatization). 

A quantitative assessment of the degree of development of the 
otic capsule in the perfaqueductal region was performed as 


follows (Fig. 2). A horizontal temporal bone section at the lowest 
level of the inner arch of the PSC was selected in each specimen. 
Using the microprojector, the periaqueductal region of the tem- 
poral bone section was projected and drawn. A line (S) on the 
posterior cranial fossa surface close to the PSC and a line tangen- 
tial to the medial PSC perimeter (ab) were drawn; then line mn 
was drawn at right angles to line S, connecting it to the midpoint 
of line ab. The length of line mn then represents the thickness of 
the bone between the PSC and posterior cranial fossa, and was 
used as an indication of the degree of development of the otic cap- 
sule in the periaqueductal region. 


RESULTS 
CLASSIFICATION OF SIZE OF THE VA 


The results obtained from measuring the areas of 
the VA in each specimen are shown in Figure 3. In 
17 of the 79 specimens the VA was classified as hy- 
poplastic (under 8 mm), in 38 as normoplastic (8 to 
18 mm’), and in 24 as hyperplastic (over 18 mm’). 
In 14 of the 24 specimens with hyperplastic VAs the 
entire area of the VA could not be measured be- 
cause a part of the VA extended below the level of 
the lowest section available for study. 


The difference in size between the VAs in the 
three different groups was marked: the mean values 
(M + SD) for the area of the VA were 5.5 + 1.1 
mm? in the hypoplastic VA group, 12.7 + 5.3 mm? 
in the normoplastic VA group, and more than 24.2 
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+ 5.3 mm? in the hyperplastic VA group. 


ANALYTIC REPRESENTATION OF LENGTH, ANGLE, 
AND POSITION OF THE VA 

Hypoplastic VA (17 Cases). According to the LAP 
system (Fig. 4), common types of the VA in this 
group were L,A,P, (3 cases, 18%), LiA2P2 (3 cases, 
18%), and L,A,P, (3 cases, 18%). The results of 
analyzing these three parameters (L,A,P) in bones 
in this group are presented in Figure 5. In many 
specimens (10 cases, 59%) the VA was located in 
the area superomedial to the inner arch of the PSC 
(Lı) and was tubelike, with the angle being under 
20° (A,). The position of the VA with respect to the 
PSC was anterior (P,; 6 cases, 35%) or inferior (P32; 
8 cases, 47 % ) in most specimens. 


Normoplastic VA (38 Cases). Common types of 
the VA in this group (Fig. 4) were L2A2P; (16 cases, 
42%) and L:A;P; (6 cases, 16%). Analysis of these 
three parameters (L,A,P) is seen in Figure 5. In 
most of the specimens the VA extended to or 
through the area medial to the arch of the PSC (L3; 
29 cases, 76%), was funnel-shaped with an angle of 
between 20 and 40° (A2; 27 cases, 71%), and over- 
lapped or crossed medially over the posterior por- 
tion of the PSC (P3; 31 cases, 82%). 


Hyperplastic VA (24 Cases), Common types of 
the VA in this group (Fig. 4) were L3A2P3 (10 cases, 
42%) and L2A2P3 (5 cases, 21%). Analysis of each 
parameter in this group is shown in Figure 5. In 
most of these specimens the VA extended infero- 
medially beyond the outer arch of the PSC (Ls; 14 
cases, 58%), was funnel-shaped with an angle of 
between 20 and 40° (Az; 16 cases, 67%), and was 
positioned posteriorly (P3; 23 cases, 96% ). 


RELATIONSHIP BETWEEN AREA OF VA AND WIDTH 
OF VA 


Fig. 2. Methods for measuring width of VA on 
horizontal sections and thickness of otic capsule 
in periaqueductal region. Width (cd) is mea- 
sured in area (*) where proximal rugose portion 
of ES is located. Line (mn) is thickness of otic 
capsule in periaqueductal region, and is at right 
angles to surface (S) of posterior cranial fossa 
(PCF) and connects S to midpoint (m) of line 
(ab) which is tangential to medial PSC peri- 
meter at lowest level (+) of inner arch of PSC. 


the width of the VA as measured on horizontal sec- 
tions in the three groups is shown in Figure 6. Mean 
(M + SD) of the width of the VA in the specimens 
with hypoplastic VAs was 0.4 + 0.13 mm, while in 
specimens with normoplastic or hyperplastic VAs it 
was 0.54 + 0.13 and 0.63 + 0.17 mm, respectively. 
There was a statistically significant difference 
(p<0.05) between the widths of the VAs in the 
specimens with hypoplastic VAs and those with nor- 
moplastic VAs, and also between those in the nor- 
moplastic VA group compared to those in the hy- 
perplastic VA group. 


DETAILED STUDY OF THE ES IN THE VA AND RP 
IN 30 REPRESENTATIVE SPECIMENS 


Hypoplastic VA (10 Specimens). Mean values for 
the areas of the ES in the VA and the RP in this 
group were 4.3 + 1 mm? and 2.7 + 1 mn,,’, respec- 
tively; these values were the smallest of the three 
groups. The area of the ES in the VA averaged 
79.3% of the area of the VA, and the area of the RP 
averaged 50.8% of that of the VA. In two of the 
specimens the entire RP was located within the VA. 
In seven specimens, however, although most of the 
RP was located within the VA, a small area of the 
distal RP extended into the posterior cranial fossa. 
In the remaining specimen with a tubelike VA, 
more than half of the entire RP extended to the 
posterior cranial fossa. 


The epithelial lining of the RP was cuboidal or 
mostly cuboidal in many specimens (8 cases), but 
was cuboidal in some parts and squamous in others 
in the remaining two specimens. The folds of the RP 
were minimal or absent in most specimens (8 cases), 
while folding was moderate in the remaining two 
specimens. Loose subepithelial connective tissue 
was almost absent, or was poorly developed in most 
of the specimens (8 cases); it was moderately well 
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Fig. 3. Histograms indicating numbers of tem 
nine coors: bones were measured. Hatched areas indic 
because lower part of VA was not included in specimen. 


(15.7 + 5.3 vessels in 1.3 mm?), being two thirds of 
that noted in the specimens of the normoplastie VA 
group. Polyplike eosinophilic tissue with calcified 
deposit was observed in part of the subepithelial 
layer in two specimens. 


Normoplastic VA (10 Specimens). The mean 
values of the area of the ES in the VA and the area 
of the RP in specimens of this group were 11.6 + 
1.8 mm? and 6.5 + 2 mm,’ respectively. These 
areas are larger than those in hypoplastic VAs but 
smaller than those in hyperplastic VAs. The area of 
the ES in the VA averaged 85.9% of the area of the 
VA, and the area of the RP was 47.5% , On average, 
of the area of the VA. In six of the ten specimens, 
the entire RP was located within the VA. In four 
specimens a small area of the distal RP extended in- 
to the posterior cranial fossa. 


The epithelial cells of the RP were cuboidal in 
every specimen. The folds of the RP were moderate 
in many specimens (6 cases), while folding was 
poorly (3 cases) or well developed (1 case) in the re- 
maining specimens. The loose subepithelial conaec- 
tive tissue was moderately developed in most speci- 
mens (7 cases), and in the remaining specimens it 
was poorly (2 cases) or well developed (1 case). The 


ora. bone specimens havin 


g VAs with areas indicated on abscissa. Seventy- 


ate specimens in which total area of VA could not be measured 


vascularity of the RP averaged 24.3 + 4.4 vessels in 
1.3 mm.’ Broadbased apposition of a lamellar bone 
to the wall of the VA was seen in a part of the sub- 
epithelial layer in one specimen. 


Hyperplastic VA (10 Specimens). The mean 
values for the areas of the ES in the VA and the area 
of RP were the largest (20.1 + 2.9 mm? and 12 + 
3.5 mm,’ respectively) of the three VA groups. The 
ratios of the area of the ES in the VA to the area of 
the VA, and of the area of the RP to the area of the 
VA averaged 84.5% and 48.9%, respectively. In 
seven specimens the entire VA and RP could be re- 
constructed. In four of these the entire RP was lo- 
cated within the VA. In three specimens, a small 
area of the distal RP extended into the posterior cra- 
nial fossa. 


In most specimens (9 cases), the epithelial cells of 
the RP were cuboidal or mostly cuboidal: in the 
tenth specimen the epithelial cells were mostly 
squamous. The folds of the RP were well developed 
in most specimens (8 cases), moderately developed 
in one specimen, and poorly developed in one speci- 
men. The loose subepithelial connective tissue was 
moderately or well developed in every specimen ex- 
cept one in which the loose subepithelial connective 
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Fig. 4. Medial view graphic reconstructions of representative cases from each of three groups of temporal bones: those with hypo- 
plastic, normoplastic, and hyperplastic VAs. There were evident differences between VAs characteristic of each group. 


tissue was poorly developed. The vascularity was 
the richest (28.4 + 7.4 vessels in 1.3 mm?) of the 
three VA groups, and was 1.2 times that of speci- 
mens with normoplastic VAs. We noted new bone 
formation with dense fibrotic connective tissue in a 
part of the subepithelial layer in one specimen. 


RELATIONSHIP OF DEGREE OF DEVELOPMENT OF VA 
TO DEGREE OF DEVELOPMENT OF THE TEMPORAL 
BONE (PERIAQUEDUCTAL PNEUMATIZATION AND 
OTIC CAPSULE IN THE PERIAQUEDUCTAL REGION) 


Analytic data obtained regarding the degree of 
development of the VA and degree of periaqueduc- 
tal pneumatization are presented in the table. 
Large periaqueductal air cells (group I) were often 
associated with hyperplastic VAs (9 cases, 60%; 
Fig. 7A), while small periaqueductal air cells or 
small bone marrow spaces (group II) were associ- 
ated with normoplastic VAs in many of the speci- 
mens (ll cases, 55%). However, lack of peria- 
queductal pneumatization (group III) was more of- 
ten associated with normoplastic VAs (22 cases, 
50%) than with hypoplastic VAs (14 cases, 32%). 


The mean value for the thickness of the otic cap- 


sule in the periaqueductal region was 2.5 + 1.2 mm 
in the group with hypoplastic VAs (Fig. 7B), 3.5 + 
1.1 mm in the group with normoplastic VAs, and 
4.5 + l.l mm in the group with hyperplastic VAs 
(Fig. 7A). There was a statistically significant dif- 
ference (p<0.05) between the thickness of the otic 
capsule in the specimens with hypoplastic VAs and 
the thickness in specimens with normoplastic VAs. 
The difference in thickness of the otic capsule was 
also statistically significant (p<0.05) between spec- 
imens with normoplastic VAs and those with hyper- 
plastic VAs. 


An additional interesting finding is that in speci- 
mens with tubelike hypoplastic VAs the thickness of 
the otic capsule was 3.3 + 1.3 mm, whereas it was 
1.7 + 0.5 mm in specimens with funnel-shaped hy- 
poplastic VAs. We found that the difference be- 
tween these two types of specimens in thickness of 
the otic capsule was statistically significant 
(p<0.@5). 


DISCUSSION 
The ES, as well as the VA, is a 3-dimensional 
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Fig. 5. Statistical analysis of each parameter (L, A, P) for three different pops of VA. Numbers indicate number of cases 
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in each different category. Differences are nozable between groups in | angle, and position of VA. 


structure that shows wide individual variations. !®" graphic reconstruction method has been performed 
However, to our knowledge, no systematic {qualita- on a large number of temporal bones. 
tive and quantitative) investigation into the dimen- After careful examination of normal temporal 
sional anatomy of the VA and the ES using the bone specimens, we can now classify the VA into 
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three groups (hypoplastic, normoplastic, hyperplas- 
tic) on the basis of the size of the VA. The sizes of 
the ES in the VA and of the RP and the histological 
characteristic of the RP (folds, subepithelial con- 
nective tissue, and vascularity) were similar for 
specimens within each group. There were, how- 
ever, statistically significant differences in the 
above findings between the three groups. 


An increase in VA width correlated with an in- 
crease in VA area. Therefore VA volume would also 
be expected to increase proportionately with 
inerease in VA width. These histological measure- 
ments theoretically could be compared with roent- 
genographic measurements of the VA. 


Whereas it has been found that the RP in new- 
borns extends from the VA to the posterior cranial 
fossa, most of the RP comes to be located within the 
VA by 3 to 4 years of age,’ and was so located in all 
but one of the adult temporal bones in this study. 


Fig. 7. A) Horizontal section of left tem- 
poral bone showing large air cells (AC) in 

eriaqueductal region (group I). VA is 
hyperplastic, Epithelial folds (large ar- 
row) and loose subepithelial connective 
tissue (small arrow) of RP are also well 
developed. V - Vestibule; PCF - Poster- 
ior cranial fossa. B) Horizontal section of 
left temporal bone showing absence (*) of 

eriaqueductal air cells (group III). VA is 
knopke (tubelike). RP (arrow) shows 
almost absent folds and loose subepithe- 
lial connective tissue. FN - Facial nerve. 
(H & E, x 20) 


This single exception was a temporal bone with hy- 
poplastic VA, and more specimens with hypoplastic 
VAs tended to have a distal portion of the RP pro- 
jecting into the posterior cranial fossa than did spec- 
imens with normoplastic or hyperplastic VAs. From 
these observations it would appear that the RP 
tends to be incorporated into the VA as the VA en- 
larges at a relatively greater rate during its develop- 
ment. 


RELATIONSHIP OF DEGREE OF DEVELOPMENT OF VA 
TO DEGREE OF PERIAQUEDUCTAL PNEUMATIZATION 


Development 





Periaqueductal Pneumatization 


of VA I II III Total 
Hyperplastic VA 9 ii 8 24 
Normoplastic VA 5 1] 22 38 
Hypoplastic VA l 2 14 17 
Total 15 20 44 19 


Numbers indicate number of temporal bones observed in each of specific 
entities. 
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After reviewing the data we obtained from study- 
ing the relationships between developmert of the 
VA and the temporal bone as a whole, we have the 
following comments. The development of the otic 
capsule seems to be correlated with the develop- 
ment of the VA. However, although funne -shaped 
hypoplastic VAs were associated with poorly devel- 
oped, thin otic capsules in all of the specimens we 
examined (7 cases, 100%), the tubelike hypoplastic 
VAs were associated in many specimens (7 cases, 
70%) with moderately developed, thick otic 
capsules. This finding may indicate that the 
tubelike VAs are of prenatal origin? because they 
persist even after development of the otic capsule in 
the periaqueductal region is completed postnatally. 


Clinically, a controversy'*°'? exists concerning 
whether or not roentgenographic narrowing or 
nonvisualization of the VA and histologically con- 
firmed hypoplasia of the VA are associated with 
Meniere's disease. In the present histopathological 
study, hypoplastic VAs (which are difficult to vis- 
ualize roentgenographically) were noted in normal 
temporal bones. Thus, our findings support the hy- 
potheses of other investigators** who felt that a 
narrow or nonvisualizable aqueduct (ie, a tubelike 
VA) may also be present in temporal bones with dis- 


eases other than Menieére’s disease, as well as in nor- 
mal ears. 


Histologically, Hallpike and Cairns"? observed 
that absence of the loose subepithelial connective 
tissue (perisaccular fibrosis) of the RP was present in 
the temporal bones of individuals with Meniére’s 
disease. Altmann and Zechner" also observed peri- 
saccular fibrosis and decreased folding of the RP on 
the diseased side and felt that these conditions 
might predispose to the development of endolym- 
phatic hydrops. In the present series, however, ab- 
sence or poor development of the loose subepithelial 
connective tissue and the folds of the RP were com- 
mon histological features in the normal temporal 
bones with hypoplastic VAs and were observed even 
in a few bones with normoplastic or hyperplastic 
VAs. Accordingly, we feel that these conditions of 
the RP are not necessarily related to hydrops. 

In conclusion, we feel that the findings obtained 
in this study reflect the range of normal variations 
that can occur in the VA and ES of adult human 
temporal bones. We recommend that further inves- 
tigations be undertaken to discover any 
relationships that may exist between the normal but 
hypoplastic VA and the RP which would have any 
bearing on the development of endolymphatic hy- 
drops. 


Dr. Kodama is presently Assistant Professor at the Department of Otolaryngology, University of Teikyo School of Medicine. Tokyo. 
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HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 











HILGER FACIAL NERVE STIMULATOR 


~p muse 


MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique Circuitry 
specially engineered to facilitate very accurate 
current measurements with readings 
Statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable battery, 
Mode! 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 


Detailed information is available from— 


WR MEDICAL 


ELECTRONICS CO. 


I995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 551 13 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 
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FLORIDA MIDWINTER 
SEMINAR IN 
OTOLARYNGOLOGY 


February 17-19, 1983 
Hyatt Hotel 
Palm Beach, Florida 


OTOLARYNGOLOGY — HEAD AND 
NECK SURGERY UPDATE 


Faculty 

Lauren Bartels, MD; Nelson Catellano. MD; James En- 
dicott, MD — University of South Florida (Tampa) 
Nicolas Cassisi, MD; Richard Farrior, MD — University 
of Florida (Gainesville) 
J. Ryan Chandler, MD; Gerald Goodwin, MD: Robert 
Harrison, MD; Anthony J. Maniglia, MD — University of 
Miami 
an J. Krause, MD — University of Michigan (Ann Ar- 

or) 


Lloyd Storrs, MD — Lubbock. Texas 


Cosponsored by the University of Florida College of Medicine 
(Gainesville), the University of Miami School of Medicine 
(Miami), and the University of South Florida College of Medicine 
(Tampa). 





Registration Fee: 
$250 - Practitioners 
$100 - Residents with application from Department Head 
Mail registration fee payable to “Florida Midwinter Seminar,” 405 
Northeast 144th Street, Miami, FL 33161. 
Special reduced rates have been arranged with the Hyatt Hotel, 
630 Clearwater Park Road, West Palm Beach. FL 33401. 


AMA CME Category I Credit 






SURGICAL ANATOMY AND 
TECHNIQUES OF THE 
TEMPORAL BONE 


Dallas Foundation of Otology 


Jan. 23-28, 1983: 
May 8-13, 1983; Sept. 4-9, 1983 


This course is directed toward furnishing the otolo- 
gist with a practical knowledge of the surgically im- 
portant anatomical structures of the temporal bone. 
Special emphasis is placed on the location of the 
vital structures in this entire region, the complete 
understanding of which is essential to the competent 
surgeon. The course will consist of microscopic 
dissections exploring the surgical anatomy and dis- 
section simulating operative techniques. Students 
will be able to observe several procedures during the 
week. Attendance is limited to 12 physicians. 


Fees: $650 for practicing physicians 
$450 for residents 


Fee includes lunch each day, dinner Sunday evening 
and another social evening. 


For further information contact: Fred D. Owens, 
MD, The Dallas Foundation of Otology, 3600 
Gaston, Suite 1105, Dallas, TX 75246. 





inserted into this 
cannulated in- 
strument. The 
T-tube is first 
loaded into the 
instrument tip. 
By squeezing the 
handles together, 
the T-tube is 
pushed out of the 


inserter and into the tym 
The T-tube Inserter is m 
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Transderm-Scop is a small flexible 
system of membranes worn behind 
the ear. It contains scopolamine — 
one of the most effective prophylactic 
agents for exposure to severe mo- 
tion. Scopolamine is thought to block 
vagal impulses in the vestibular ap- 
paratus — the origin of motion 
Sickness. 





Although oral doses of scopolamine 
often cause well-known troublesome 
Side effects the small amount in 
Transderm-Scop usually does not. 
Minor side effects such as a dry 
mouth occur in about two out of three 
people. A less frequent side effect is 
drowsiness, occurring in about one 
out of six people. 





Transderm-Sc6p is programmed to 
deliver just 0.5 mg scopolamine over 
a 72-hour period... the same 
amount of drug usually given ina 
single minimal oral dose. 


Please turn page for Prescribing 
Information. 
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Transderm 


SCOp 





scopolamine 


Transderm“-Scop 
(formerly Transderm -V) 
scopolamine 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg scopolamine 
over 3 days 


Description “he Transderm-Scop scx polamine system ıs a 
circular flat unt designed for continuous release of scopola- 
mine followinc application to an area of intact skin on the 
head, behind me ear. Clinical evaluation has demonstrated 
that the system provides effective antiemetic and antinause- 
ant actions when tested against motion-sickness stimuli in 
adults 

The Transderm-Scop system ıs a0 2-mm thick film with four 
layers. Proceeding from the visible surface towards the sur- 
face attached to the skin, these layers are: 1) a backing layer 
of tan-colored aluminized polyester film: 2) a drug reservoir 
of scopolamine, mineral oil. and polyisobutylene: 3) a micro- 
porous polypropylene membrane that controls the rate of 
delivery of sccpolamine from the system to the skin surface 
and 4) an adh2sive formulation of mineral oil polyisobuty- 
lene, and scopolamine. Prior to use. a protective peel strip of 
siliconized po yester which covers layer 4 is removed 

The mineral od (12.4 mg) and polyisobutylene (11.4 mg) inac- 
tive componeats are not released from the system 
Release-Rate Concept: The Transderm-Scop system, 2.5 
cm’ In area, Contains 1.5 mg scopolamine. The system is pro- 
grammed to deliver 0.5 mg scopolamine, at an approximately 
constant rate © the systemic circulation. over the 3-day life- 
time of the system. An initial priming dose of scopolamine 
released fromthe adhesive layer of the system. saturates the 
Skin binding stes for scopolamine and rapidly brings the 
plasma concentration to the required Steady-state level. The 
continuous controlled release of scopolamine that flows from 
the drug reservoir through the rate-c ontrolling membrane 
then maintains the plasma level constant 

Clinical Pharmacology The formulation of the Transderm- 
Scop system contains as its sole active agent the drug sco- 
polamine. a b2lladonna alkaloid with well-known pharmaco- 
logical properies. The drug has a long history of oral and 
parenteral use for central anticholinergic activity, including 
prophylaxis o` motion sickness. This formulation provides for 
a gradual release of scopolamine from an adhesive matrix of 
mineral oil and polyisobutylene applied to the postauricular 
skin 

Clinical Resuts The Transderm-Si op system provides 
antiemetic prctection within several hours following applica- 
tion of the system behind the ear In 195 adult subjects of dif- 
ferent racial o igins who participated in clinical efficacy 
Studies at seaor in a controlled motion environment, there 
was a 75°% reduction in the incidence of mi ion-induced nau- 
sea and vomiting. The Transderm-Sx op system provided 
significantly J eater protection than that obtained with oral 
dimenhydrinate 

Indications and Usage The Transderm-Scop system is indi- 
Cated for prevention of nausea and vomiting associated with 
motion sickness in adults. The system should be applied only 
to skin in the postauricular area 

Contraindications The Transderm-S¢ op system should not 
be used in parents with known hypersensitivity to scopola- 
mine or any o the components of the adhesive matrix making 
up the therapeutic system 

Warnings The Transderm-Scop system should not be used 
in children and should be used with special caution in the 
elderly 

Since drowsiness, disorientation, and confusion may occur 
with the use cf scopolamine, patients should be warned of the 
possibility anc cautioned against engaging in activities that 
require menta alertness, such as driving a motor vehicle or 
operating dargerous machinery 

Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine 

Precautions Scopolamine should be used with caution in 
patients with glaucoma. pyloric obstruction, or urinary bladder 
neck obstruction. Caution should be exercised when adminis- 
tering an antiemetic or antimuscarinic drug to patients sus- 
pected of having intestinal obstruction 

The Transderm-Scop system should be used with special 
caution in the elderly or in individuals with impaired metabolic 
liver, or kidney functions, because of the increased likelihood 
of central nervous system effects 

Information far Patients: Since scopolamine can cause 
temporary dilation of the pupils and blurred vision if it comes 
in contact wit) the eyes, the patient should be strongly ad- 
vised to wash the hands thoroughly with soap and water im- 
mediately aft2r handling the unit 

Patients should be warned against driving a motor vehicle or 
operating daagerous machinery 

Pregnancy: =ertility studies were performed in female rats 
and revealec no evidence of impaired fertility or harm to the 
fetus due to scopolamine hydrobromide administered by daily 
Subcutaneous injection. In the highest-dose group (plasma 
level approxmnately 500 times the level achieved in humans 
using a transdermal system), reduced maternal body weights 
were observ 2d. Teratogenic studies were performed in preg- 
nant rats anc rabbits with scopolamine hydrobromide by daily 
intravenous yection. No adverse effects were recorded in 


rats. In rabbits, the highest dose (plasma level approximately 
100 times the level achieved in humans using a transdermal 
system) of drug administered had a marginal embryotoxic ef- 
fect. Transderm-Scop should be used during pregnancy only 
f the anticipated benefit justifies the potential risk to the fetus 
Nursing Mothers: It is not known whether sci polamine is ex- 
creted in human milk. As a general rule nursing should not be 
undertaken while a patient is ona arug. since many drugs are 
excreted in human milk 

Usage in Children: Children are particularly susceptible to 
the side effects of belladonna alkaloids. The Tr ansderm-Scop 
system should not be used in children because it is not known 
whether this system will release an amount of scopolamine 
that could produce serious adverse effects in c hildren 
Adverse Reactions The most frequent adverse reaction to 
the Transderm-Scop system is dryness of the mouth. This 
occurs in about two thirds of the people. A less frequent ad- 
verse reaction is drowsiness, which occurs in less than one 
sixth of the people. Transient impairment of eye accommoda- 
tion, including blurred vision and dilation of the pupils, ıs also 
observed. The following adverse reactions have also been re- 
ported on infrequent occasions during use of the Transderm- 
Scop system: disorientation: memory disturbances: dizzi- 
ness: restlessness; giddiness; hallucinations: confusion: diffi- 
culty urinating: rashes and erythema. and dry. itchy, or red 
eyes 

Overdosage Overdosage with scopolamine may Cause dis- 
orientation, memory disturbances, restlessness. giddiness 
hallucinations. or confusion. Should these symptoms occur 
the Transderm-Scop system should be immediately removed 
Appropriate Parasympathomimetic therapy should be initiated 
if these symptoms are severe 

Dosage and Administration Adults. Initiation of Therapy 
One Transderm-Scop system (unit) programmed to deliver 
0.5 mg scopolamine over three days. should be applied to the 
hairless area behind one ear at least 4 hours before the antie- 
metic effect is required 

Handling: After applying the system on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the system, it should be dis- 
carded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces 
of scopolamine from coming into direct contact with the eyes 
A patient brochure is available 

Continuation of Therapy: Shoulda system become dis- 
placed, it should be discarded, and a fresh system placed on 
the hairless area behind the other ear If therapy is required 
for longer than 72 hours. the first system should be discarded 
and a fresh system placed on the hairless area behind the 
other ear 

Children: Children are Particularly Susceptible to the side 
effects of belladonna alkaloids. The Transderm-Scop system 
should not be used in children because it is not known 
whether this system will release an amount of scopolamine 
that could produce serious adverse effects in children 

How Supplied Transderm-Scop systems are available in 
2-unit blister packs — NDC 17314-4345-1. 

Storage and Handling The System should be stored at 
room temperature 

Caution Federal law prohibits dispensing without 
prescription 


CIBA Pharmaceutical! Co 
Div, of CIBA-GEIGY Corp 
Summit, NJ 07901 


71-4342-1-2 (5,82) 


CIBA 






LARYNGEAL MEDICINE AND SURGERY 
February 4-5, 1983 
The University of Texas Health Science Center at Dallas 
Department of Otorhinolaryngology 
Dallas, Texas 







The objective of this course is to integrate basic principles and knowledge in the field of Laryngeal 
Medicine and Surgery. Current controversies will be examined by experts in the field. Special considera- 
tion will be given to carcinoma; laser; orosthetic T-E fistula; functional and organic speech disorders. 


















FACULTY 
Robert Anderson, MD Lanny Close, MD Douglas Mattox, MD 
Dallas, Texas Dallas, Texas San Antonio, Texas 
Byron Bailey, MD Frances Freeman, PhD Marie Merkel, MD 
Galveston, Texas Dallas, Texas Dallas, Texas 
Orval Brown, MD George Gates, MD William Meyerhoff, MD, PhD 
Dallas, Texas San Antonio, Texas Dallas, Texas 
Henry Carder, MD Helmuth Goepfert, MD Steven Schaefer, MD 
Dallas, Texas Houston, Texas Dallas, Texas 


Donnell Johns, PhD 
Dallas, Texas 


For complete brochure or further information: Division of Continuing Education, The University of 
Texas Health Science Center at Dallas, 5323 Harry Hines Boulevard, Dallas, Texas 75235; (214) 
688-2166. A147 


















Mid-Winter Symposium on Practical 
Surgical Challenges in Otolaryngology 


Sponsored by 


University of Illinois College of Medicine 


February 21-25, 1983 
Snowmass/Aspen, Colorado 


Topics 
Facial Plastic and Reconstructive Surgery 
Pediatric Otolaryngology 
Otology — j 
Head and Neck Surgery 


Faculty 


Program Co-Chairman Robert M. Meyers, M.D., Univesity of Illinois College of Medicine 
Program Co-Chairman Edward L Applebaum, M.D., University of Illinois College of Medicine 
Richard Gacek, M.D., §.U.N.Y. Upstate Medical Center 
Richard L. Goode, M.D., Stanford University School of Medicine 
Charles Krause,AA.D., University of Michigan Medical School 
William W: Mentgomery, M.D., Harvard Medical School 
Robert L. Simons M.D., University of Miami School of Medicine 
John J. Shea, M.D., University of Tennessee College of Medicine 
Galdino £: Valvassori, M.D., University of Illinois College of Medicine 














Registration Fee: $375.00. For further information contact: 


University of Illinois at the Medical Center 
Conferences and Institutes 
912 Sewth Wood Street, 2nd Floor North-0 
Chicago, Illinois 60612 
(312) 996-8025 


Because of deadlines for accommodations, please respond promptly. 
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[pseudoephedrine hydrochioride 120 mg} 
SUSTAINED ACTION NASAL DECONGESTANT 


"12 HOUR EuR 


NASAL CONGESTION... HELPS DECONGEST 
‘BR SINUS OPENINGS, SINUS PASSAGES 
a 10 CAPSULES 





Sudsted™ S.A, — SUSTAINED ACTION NASAL DECONGESTANT 
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Sudafed® S.A. And remember the rest of the family... 
(pseudoephedrine HCl) 120 mg capsules Sudafed® 
Sustained action for potent 12-hour relief (Pseudoephedrine HCl) 30 mg tablets 
® 
Not recommended for children under Sudafed Syrup 
12 years of age (pseudoephedrine HCI), a tasty raspberry- 
flavored syrup containing 30 mg per 5 cc 


Available without Rx in packages 


af ibeand doe Sudafed” Cough Syrup 


(pseudoephedrine HCI) containing 30 mg per 5cc 


Potent relief without drowsiness 
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Ninth Annual University of Pittsburgh Symposium 


EAR, NOSE, AND THROAT DISEASES IN 
CHILDREN — A 1982 UPDATE 


December 9-12, 1982 







The Breakers 
Palm Beach, Florida 







OTOLARYNGOLOGISTS AND PEDIATRICIANS 


Update your knowledge of ear, nose, and throat diseases in children through scientific sessions, 
small-group workshops and demonstrations, and informal discussions. 


UNIVERSITY OF PITTSBURGH FACULTY 








C. D. Bluestone J. Medina S. E. Stool 
H. Felder E. N. Myers E. Wald 
J. L. Paradise 









Accredited for 19 hours of ACCME Category 1 credit 


For further information contact: Division of Continuing Education, 1022C Scaife Hall, University 
of Pittsburgh School of Medicine, Pittsburgh, PA 15261; telephone (412) 624-2653. A133 


OlOg 


A Conference on Otology and Neurotology 










: June 2-3-4, 1983 A 
HYATT REGENCY SAN FRANCISCO aT 


Program Director: 
Rodney Perkins, MD 


Sponsored by Project HEAR 
1801 Page Mill Road 


AUDI IDIO, >. Palo Alto, California 94304 i eee 
83 Bi 415/494-2000 pe 


Concurrent Conference 
on Audiology 


and NeuroAudiology § 





CME: 24 Hours Category |! 
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Antihistamines. 

Antihistamines alone...or combined with 
decongestants...or cough suppressants...even 
expectorants (of all things!). 


They re in liquids...capsules...tablets...beads 


Sprays. 
And for a lot of patients, they're all wrong. 
Because they over-dry mucous secretions. 

Antihistamines make them thick...viscous...slow- 

moving. And before you know it a simple condi- 

tion has become a complicated one. 

Rhinitis becomes painful sinusitis. A simple 
chest “cold” becomes bronchitis—or worse. 
Because those secretions are retained, not 
expelled. 

And that’s the way they stay until they show 
up in your office. Where there’s a remedy. 

ENTEX® LA (phenylpropanolamine HCl, 

75 mg, and guaifenesin, 400 mg). 

All your patient really needed: an effective 
decongestant, and a therapeutic dose of a 
moisturizing expectorant to thin mucous secre- 
tions for easier drainage. All in a convenient 
b.i.d. tablet. 

No antihistamines to delay resolution of 
symptoms. 

No antihistamine drowsiness. 

No antihistamine dryness. 

Just decongestion—and drainage. Which is 
exactly what most of your patients need. 





YOUR ACROSS-THE-DESK 
ANSWER TO AN 
OVER-THE-COUNTER PROBLEM. 





PHENYLPROPANOLAMINE HClI,75 MG 
GUAIFENESIN, 400 MG 


antihistamine-free 
decongestant... 





DESCRIPTION: 

Each blue, scored, long-acting tablet contains: 
Phenvlpropanolamine hydrochloride ncaa l ME 
Guaifenesin .... . 400 mg 


in a special base to provide a prolonged therapeutic 
effect. 

ACTIONS: Phenylpropanolamine hydrochloride is an 
effective vasoconstrictor that decongests swollen 
mucous membranes of the respiratory tract. The 
expectorant guaifenesin enhances the flow of respira- 
tory tract fluid, promotes ciliary action and facilitates 
removal of viscous, inspissated mucus. As a result, 
sinus, bronchial, and Eustachian tube drainage is 
improved, and drv, nonproductive coughs become 
more productive and less frequent. 

INDICATIONS: ENTEX® LA is indicated in respiratory 
conditions such as sinusitis, pharyngitis, bronchitis, 
and asthma, when these conditions are complicated by 
tenacious mucus and/or mucous plugs and congestion. 
ENTEX LA is also indicated as adjunctive therapy in 
serous otitis media and may be of value in avoiding 
secondary middle ear complications of nasopharyngeal 
congestion accompanying rhinitis 
CONTRAINDICATIONS: ENTEX LA is contraindicated 
in individuals with known hypersensitivity to sympath- 
omimetics, severe hypertension, or in patients receiv- 
ing MAO inhibitors. 

USAGE IN PREGNANCY: Since the safety of 

ENTEX LA for use in pregnancy has not been estab- 
lished, potential benefits should be weighed against 
possible adverse effects. This product should not be 
used by nursing mothers. 

PRECAUTIONS: DO NOT CRUSH OR CHEW 

ENTEX LA TABLETS BEFORE INGESTION. As with 
other svmpathomimetic drugs, ENTEX LA should be 
used with caution in the presence of hypertension, 
hyperthyroidism, diabetes, heart disease, peripheral 
vascular disease, glaucoma, and prostatic hypertrophy. 
ADVERSE REACTIONS: Possible adverse reactions 
include nervousness, insomnia, restlessness, or head- 
ache. These reactions seldom, if ever, require discon- 
tinuation of therapy. Urinary retention may occur in 
patients with prostatic hypertrophy. 

OVERDOSAGE: Since the effects of ENTEX LA may last 
up to 12 hours, treatment of overdosage directed 
toward supporting the patient and reversing the effects 
of the drug should be continued for at least that length 
of time. Saline cathartics may be useful in hastening 
the evacuation of unreleased medication. 

DOSAGE: Adults and children over 12—one tablet 
twice daily (every 12 hours). Not recommended for 
children under 12 vears of age. Tablets may be broken 
in half for ease of administration without affecting 
release of medication but not crushed or chewed. 
HOW SUPPLIED: NDC 0149-0436-01 bottles of 100 
tablets. 

CAUTION: Federal law prohibits dispensing without 
prescription. 


Norwich-Eaton Pharmaceuticals 


Norwich, New York 13815. Division of MortonNor 
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SINGULAR NEURECTOMY UPDATE 


RICHARD R. GACEK, MD 


SYRACUSE, NEW YORK 


The results of a poll revealed that 96 singular neurectomies have been performed by ten surgeons in this country. Eighty-eight of these 
(91.7%) resulted in complete relief of benign paroxysmal positional vertigo (BPPV). In seven patients (7.3% ) there was a sensorineural 
hearing loss as a result of this procedure. The average hospital stay for patients having this procedure ranged from 2-6 days, and the return 
to work time ranged from 1 to 3 weeks. These results indicate that singular neurectomy is an effective selective vestibular ablation pro- 
cedure for BPPV and that the risks and disability are comparable to other routine middle ear procedures. The causes for failure of this pro- 
cedure to relieve positional vertigo are a) misdiagnosis of BPPV and b) failure to recognize the singular nerve in the middle ear. Knowledge 
of the pathophysiology of the disorder and of the anatomical variation in the location of the singular canal will reduce these causes of fail- 
ure. 


INTRODUCTION 1978, an assessment of results in five more patients 
was added to the original series.* Transection of the 
singular nerve also provided complete relief of 
BPPV in this additional series with one patient ex- 
periencing a moderate sensorineural hearing loss. 


Benign paroxysmal positional vertigo (BPPV) is a 
unique clinical entity first described by Barany in 
1921.' The accumulated clinical and histopatholog- 
ical observations of this disorder indicate?‘ that 1) 


it is peripheral in origin, 2) one of the vertical semi- At the present time, the author’s series consists of 
circular canals is responsible for the symptomatol- 22 patients in whom singular neurectomy was per- 
ogy and 3) the ear positioned undermost in the pro- formed for BPPV. This series includes the original 
vocative position is probably responsible for the ten patients reported in 1974 and 1978. Twenty-one 
positional vertigo. Schuknecht’s description’ of of these 22 patients have experienced complete re- 
basophilic deposits embedded in the cupula of the lief of the positional vertigo confirmed by a nega- 
posterior canal crista rendering it gravity-sensitive tive Hallpike maneuver. One patient has experi- 
suggests that the posterior semicircular canal is the enced almost complete relief of vertigo with a mark- 
responsible sense organ in this condition (cupulo- edly reduced nystagmus response observed on Hall- 


lithiasis). pike positional testing. Nevertheless, this patient 

Most patients with BPPV experience spontaneous noted a significant improvement in her vestibular 
resolution over a period of months and many of symptoms following the procedure. In this series of 
those in whom resolution does not occur are able to 22 patients, 3 have suffered a significant sensori- 
live with the disorder by avoiding the provocative neural hearing loss postoperatively. The hearing 
position. However, a small number of patients with loss was severe in one patient and moderate in two 
this disorder are incapacitated sufficiently that sur- patients. 


gical treatment is considered. In those patients who 
have a profound sensorineural hearing loss in the re- 
sponsible labyrinth, surgical labyrinthectomy has 
proven effective in relieving the vestibular symp- 
toms.2° However, since most patients with this 
disorder have useful hearing in the involved ear, a 
method of selectively ablating function of the pos- 


terior semicircular canal is necessary. MATERIALS AND METHODS 
In 1974, five patients with BPPV were described 


The results of other surgeons performing this pro- 
cedure were collected by a mail poll so that a more 
significant assessment of the benefits and risks of 
this procedure could be formulated. The results of 
this poll are included in this report. 


In August 1981, a poll was conducted by mail to all members of 


in whom the posterior ampullary nerve (singular the American Otological Society as well as to those nonmembers 
nerve) was approached through a tympanotomy ex- who had been known to perform this procedure for BPPV. The 
posure under local anesthesia.’ Transection of this information requested in the questionnaire included 1) the num- 


nerve in the ear undermost in the positioning test ber of singular neurectomies performed or attempted, 2) the type 
of anesthesia used for the procedure (local or general), 3) the aver- 


provided complete and immediate relief of the posi- age length of stay in the hospital of patients recovering from this 
tional vertigo in all five patients. Significant sen- procedure, 4) the average time of return to work, and 5) the effect 
sorineural hearing loss occurred in one patient. In of the procedure on the positional vertigo and on hearing. 

From the Department of Otolaryngology and Communication Sciences, $.U.N.Y. Upstate Medical Center, Syracuse. 

Presented at the meeting of the American Otological Society, Inc., Palm Beach, Florida, May 2-3, 1982. 

REPRINTS — Richard R. Gacek, MD, Dept. of Otolaryngology and Communication Sciences, Bb NY: Upstate Medical Center, 750 East Adams Street, 

Syracuse, NY 13210. 
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Fig. 1. Most common location of the posterior amoullary 
nerve (singular nerve). A) Surgical view. B) Outline of his- 
tological section which represents a vertical cut at the level 
of the dashed line in A. R.W. - Round window: N - Nerve; 
Utr. Mac. - Utricular macule; Vest. - Vestibule. 


RESULTS 


There were 73 respondents to the 120 qaestion- 
naires mailed out. Sixty-three of the respondents 
have not performed singular neurectomy, while 10 
(including author) had performed the op2ration. 
Four of the surgeons had successfully transected the 
singular nerve in 15 or more patients while six had 
performed it on 5 or fewer patients. The highest 
number of procedures performed by a single sur- 
geon was 27, while the lowest was 1. 


The total number of singular neurector ies per- 
formed was 96. Eighty-eight (91.7%) of these pro- 
cedures resulted in complete relief of the positional 
vertigo while in 8 patients (8.3%), incomplete or no 
relief was experienced. Seven (7.3%) patients ex- 
perienced sensorineural hearing loss following the 
surgery. In five instances, the singular nerve could 
not be located in the middle ear. Three >f these 
were recorded by the author. In one of the author’s 
patients a middle cranial fossa vestibular nerve 
transection was subsequently carried out tc relieve 
the BPPV with preservation of hearing. The re- 
maining two patients continued to experience 
BPPV. General anesthesia was used routine y by six 
surgeons in performing singular neurectomy, while 
local anesthesia was preferred by four surgeons. 


The average hospital stay for patients recovering 
from singular neurectomy ranged from 2 to 6 days. 














GACEK 


The six surgeons who had five or fewer cases indi- 
cated that their patients remained hospitalized 2'/, 
days. Those surgeons with the larger series (15 or 
more cases) indicated a longer hospital stay for their 
patients, averaging five days. The longer hospitali- 
zation probably reflects the fact that the surgeons 
performing more operations were treating patients 
referred from a larger geographic area and the hos- 
pitalization was longer in order to remove packing, 
evaluate hearing, etc, before discharge. 


The average return to work time following this 
procedure ranged from 1 to 3 weeks for all but one 
surgeon. One surgeon who had performed 15 singu- 
lar neurectomies indicated 6 to 12 months was re- 
quired for patients to return to work and probably 
reflects a more conservative attitude of the surgeon. 


DISCUSSION 


The experience of ten surgeons who have per- 
formed singular neurectomy demonstrated the ef- 
fectiveness and safety of this procedure for the relief 
of benign paroxysmal positional vertigo. A 92% 
chance for the relief of positional vertigo and a less 
than 8% risk of sensorineural hearing loss compares 
favorably with other established otologic proced- 
ures. As with any surgical procedure, the success 
and risks improve with increased experience of ana- 
tomical variations and modified surgical tech- 
niques. The hospital stay and the average time for 
returning to normal activities are also comparable 
to that required by patients recovering from routine 
middle ear surgery such as stapedectomy or tym- 
panoplasty. 


The success of this selective denervation proced- 
ure in relieving BPPV strongly supports the histopa- 
thology of this disorder.* The posterior semicircular 
canal sense organ of the downmost ear when placed 
in the provocative Hallpike position has been the 
target sense organ for this surgical procedure. The 
persistence of positional vertigo in those patients 
where a singular neurectomy could not be per- 
formed’ strengthens the conclusion that denerva- 
tion of the posterior canal crista relieves BPPV. 


Singular neurectomy is not indicated for most pa- 
tients with BPPV. Conservative management al- 
lowing sufficient time for spontaneous resolution 
and avoidance of the provocative position are effec- 
tive, nonsurgical programs in the management of 
this disorder. However, a small number of patients 
having serious job or social limitations because of 
the positional vertigo for a sufficient duration to in- 
dicate permanency of the condition (at least one 
year) may be considered candidates for the opera- 
tion. Selective transection of the singular nerve by a 
middle ear approach is indicated in those patients 
who have normal or very useful hearing in the in- 
volved (downmost) ear and who have sufficient dis- 
ability that they are willing to risk a total hearing 
loss for the relief of the positional vertigo. 
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Fig. 2. Most favorable of other locations for singular nerve 
is illustrated in A) surgical and B) histological views. 


Other procedures which ablate vestibular func- 
tion can be used in the management of this disorder. 
1) Transection of the vestibular nerve through a mid- 
dle cranial fossa approach is an effective surgical 
technique which selectively ablates all vestibular 
function with preservation of hearing in the in- 
volved ear. However, it is a procedure which carries 
a greater potential for morbidity and mortality than 
singular neurectomy through a middle ear ap- 
proach. Furthermore, all function in the involved 
ear is ablated by total vestibular neurectomy, re- 
quiring a longer period for central compensation; 
singular neurectomy ablates approximately one 
fifth of the function in an otherwise normal laby- 
rinth, thereby providing the opportunity fer com- 
pensation by the remaining sense organs of the in- 
volved labyrinth as well as the central vestibular 
system. In those patients where the singular nerve 
cannot be located safely in the middle ear, the mid- 
dle cranial fossa vestibular nerve transection can be 
used to relieve the disorder. It is not practical to 
isolate and transect the singular nerve selectively in 
the internal auditory canal from the middle cranial 
fossa approach. The author relieved BPPV in one 
patient with a middle fossa vestibular nerve tran- 
section after an unsuccessful approach to the singu- 
lar nerve in the middle ear. One respondent to the 
poll had relieved the BPPV in five patients by per- 
forming middle fossa vestibular nerve transection. 
2) In the unusual circumstance where the BPPV is 
caused by pathology in an “only hearing” ear, the 
recommended procedure for selective vestibular ab- 
lation associated with the lowest risk of sensorineu- 
ral hearing loss may be streptomycin sulfate deliv- 





ered parenterally. 3) Labyrinthectomy performed 
by the transcanal route is an appropriate effective 
surgical approach in those patients where a pro- 
found or severe sensorineural hearing loss is present 
in the ear responsible for the BPPV. 


Failure of singular neurectomy to relieve BPPV 
may be caused by 1) incorrect diagnosis or 2) failure 
to locate the singular nerve. An accurate diagnosis 
rests upon a careful history, properly performed po- 
sitiona. test (Hallpike maneuver) and tests of hear- 
ing and balance function. The history usually re- 
veals an antecedent event such as head trauma, vi- 
ral infection, or surgical trauma which has pro- 
duced an insult to the labyrinth (labyrinthitis). Af- 
ter a recovery period of several weeks, the syndrome 
of BPPV appears in which a head position to one 
side or straight back produces a brief period of vio- 
lent vertigo. However, patients frequently give 
varying descriptions of their imbalance and often 
do not specifically describe the positional compon- 
ent. Therefore, the single most important test is the 
Hallpike positioning test where the examiner briskly 
places the patient’s head in a dependent position 
either right or left and carefully observes eye move- 
ments unaided. Positioning nystagmus present only 
when recorded by eyes closed techniques (ENG) 
does not necessarily indicate pathology of the laby- 
rinth (BPPV).’? Only those patients in whom the po- 
sitionirg nystagmus can be observed unaided should 
be considered as candidates for singular neurec- 
tomy. A short (2-4 second) latency period followed 
by a rotatory nystagmus of 20 to 30 seconds dura- 
tion is characteristic. The nystagmus is fatiguable 
on repeat positioning tests. Vertical components to 
the nystagmus may be seen sometimes. The nystag- 
mus is directed upward (upbeat) in both eyes and is 
usually described as rotatory (clockwise when the 
left ear is dependent and counter-clockwise when 
the right ear is dependent).'® These characteristics 
differentiate the peripheral (labyrinth) form of 
BPPV ‘rom the central (cerebellar vermis) type in 
which the nystagmus appears after a long latency 
(up to 50 seconds), is downbeat, and has a longer 
duration (30 to 180 seconds)."' 


Those forms of BPPV which are manifested by 
primarily vertical or horizontal nystagmus may not 
represent the syndrome caused by pathology of the 
posterior semicircular canal. Therefore, transection 
of the singular nerve may not be an appropriate 
form of vestibular ablation in those patients who ex- 
hibit a linear form of nystagmus. These nonrotatory 
forms of fatiguing positional nystagmus may repre- 
sent pethology of other vestibular end-organs. If so, 
vestibular nerve section by the middle cranial fossa 
approech would be an appropriate form of ablation 
in these cases. Characteristically, caloric tests 
(ENG) are symmetrical and the hearing tests are 
norma. both for pure tone thresholds and speech 
discrimination. A neurological evaluation per- 
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Fig. 3. Most unfavorable location of the singular r erve is 
shown in A) surgical and B) histological views. 


formed to rule out any underlying central nervous 
system disease is normal. 


Identification of the singular nerve in the middle 
ear depends upon thorough knowledge o- micro- 
scopic and surgical round window anatomy, prac- 
tice with the surgical approach and an awareness of 
the anatomical variations of the singular canal. It is 
frequently necessary to curette the posterior inferior 
bony wall of the ear canal in order to visualize the 
round window niche. Since the single most impor- 
tant surgical landmark is the round window mem- 
brane, it is essential that complete exposure of the 
membrane be accomplished by drilling away the 
bony overhang of the round window niche. This ex- 
posure must include the superior portior of the 
round window membrane which parallels -he long 
diameter of the oval window as well as the surgeon’s 
line of vision. Identification is confirmed by observ- 
ing its displacement following depression of the 
stapes. The proper location for approacting the 
singular canal is just inferior to the attachment of 
this segment of the round window membrane in the 
floor of the round window niche. In order to pro- 
tect against injury to the membrane and -djacent 
cochlea during the drilling procedure, it & advis- 
able to leave a 1 mm margin of bone between the 
attachment of the round window membrane and 
the surgical defect in the floor of the niche. 


The singular canal can be found in three positions 






(Figs. 1-3). 1) Usually only a small portion of the 
singular nerve can be exposed by drilling in the 
manner described (Fig. 1). Although only a portion 
of the nerve is visible, the nerve can be identified 
with certainty because of the patient's vestibular re- 
sponse to stimulation of the nerve under local anes- 
thesia. 2) The most favorable but an infrequent (4 
out of 22) position of the nerve is one where the 
nerve is located sufficiently inferior in the round 
window niche that its entire diameter can be seen 
(Fig. 2). Exposure and transection of the singular 
nerve in this location carries the least risk of coch- 
lear trauma. 3) The other unusual position (3 out of 
22) of the singular nerve is represented by its loca- 
tion under the attachment of the round window 
membrane (Fig. 3). This position should be sus- 
pected when the singular nerve is not seen after 
drilling to a depth of 2 to 3 mm in the appropriate 
location. If there has been no vestibular response 
noted by the patient, the nerve in this hidden posi- 
tion may be reached by directing a small (0.5 mm) 
burr in a superior direction from a starting point at 
the depth of the bony surgical defect in the floor of 
the round window niche. The maneuver resembles 
the use of a drill to enlarge a dental cavity; the loca- 
tion of the singular nerve is indicated by the 
patient's experience of vertigo. A small hook can 
then be used to palpate the lumen of the singular 
canal in order to transect the nerve. If the singular 
nerve cannot be found in any of these three loca- 
tions, then it is advisable to cease the surgical ap- 
proach through the middle ear and at a later date 
relieve the disorder by transection of the entire 
vestibular nerve through a middle cranial fossa ap- 
proach. 


Clinical signs following singular neurectomy are 
important to monitor not only as confirmation of 
successful denervation of the posterior semicircular 
canal sense organ but also to predict the patient’s 
readiness to leave the hospital. Immediately follow- 
ing the surgical ablation a spontaneous vertical 
downbeat nystagmus can usually be observed un- 
aided for a period of several hours. This spontan- 
eous nystagmus is not usually visible on the first 
postoperative morning. When the Hallpike posi- 
tioning test is performed on the first postoperative 
day, it does not provoke a transient rotatory nys- 
tagmus. Instead one observes a sustained vertical or 
horizontal nystagmus which appears without delay. 
This compensatory or “release” nystagmus is de- 
monstrable for 3 to 4 days following the singular 
neurectomy. The patient does not have severe verti- 
go or nausea during this period and experiences on- 
ly slight unsteadiness. Discharge from the hospital is 
usually possible after cessation of the release nys- 
tagmus produced in the positioning maneuver. 
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Grants will be given in the area of otosclerosis: its diagnosis and management, the possible causes and underlying conditions, and an 
understanding of the disorder that may lead eventually to its prevention or cure. 


The present lack of understanding of the disorder and the absence of similar conditions in other animals makes research in this field 
difficult. A direct approach to the disease may or may not be feasible: therefore, a sound strategy would be to use other approaches, such as 
the investigation of bone development, growth and repair under various conditions and the study of other diseases that may be similar to 
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All grant requests must be submitted by January 31. 1983. All grants received after January 31 will not be considered. 
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CINE RATEMPORAL FOSSA APPROACH FOR GLOMUS TUMORS 
OF THE TEMPORAL BONE 


Uco Fiscu, MD 
ZURICH, SWITZERLAND 


The N, experience with 74 glomus tumors o: the temporal bone is presented. The article proposes new refinements in the classifi- 
cation of types C and D tumors and describes in detail the technique of blind sack closure of the external auditory canal, double ligation of 
the sigmoid:sinus and the use of a special infratemporal fossa retractor. The postoperative treatment and intraoperative management of the 
- internal carotid artery, facial nerve and cranial nerves IX, X, XI and XI including the technique and results of a new type of V-VII anasto- 


mosis are discussed. 


In the past years the surgical management of 
. glomus tumors of the temporal bone has been in- 
fluenced by two main factors. One is the introduc- 
tion and refinement of computerized tomography, 
the ‘other the development of the infrazemporal 
fossa approach with permanent anterior transposi- 
tion of the facial nerve.'-* High resolution comput- 
erized tomography permits the most accurete deter- 
mination of tumor size and temporal bone invasion 
and has practically eliminated polytomography. 
The infratemporal fossa approach with permanent 
anterior rerouting of the facial nerve has opened the 
way for the radical removal of lesions situated in the 
infralabyrinthine and apical compartments of the 
temporal bone requiring exposure of the intratem- 
poral course of the carotid artery. It is the purpose 
of this paper to review our experience with surgery 
of glomus tumors of the temporal bone in light of 
the above-mentioned developments. 


CLASSIFICATION OF GLOMUS TUMORS 


Accurate surgical planning and evaluation of the 
results require a precise classification of tumor size. 
In 1979? we proposed to classify the glomus tumors 
in four types: A — tumors limited to the middle ear 
cleft, B — tumors limited to the tympanomastoid 
area without destruction of bone in the infralaby- 
rinthine compartment of the temporal bone, C — 
tumors extending and destroying bone of the infra- 
labyrinthine and apical compartment of zhe tem- 
poral bone, and D — tumors with intracranial ex- 
tension, 


This classification based on the surgical approach 
required for tumor removal has remained valid. 
However, the following subdivision of types C and 
D has proven necessary in view of the different sur- 
gical problems encountered. 


ey a 


From the ENT Department, University Hospital, Zurick. 


Type C 


C, — tumors destroying the jugular foramen and 
jugular bulb and with limited involvement of the 
vertical portion of the carotid canal (Figs. 1 and 
2A,B). 


Cı — tumors destroying the infralabyrinthine 
compartment of the temporal bone and invading 
the vertical portion of the carotid canal (Figs. 1 and 
3A,B). 


C, — tumors involving the infralabyrinthine and 
apical compartments of the temporal bone with in- 
vasion of the horizontal portion of the carotid canal 
(Figs. 1 and 4A,B). 


Type D 


D, — tumors with intracranial extension less 
than 2 cm in diameter; removal in one stage 
through the infratemporal fossa approach possible 
(Figs. 5A,B). 





C glomus tumors of temporal 


Fig. 1. Subdivision of 
bone according to their invasion of intratemporal carotid 

. FL - Foramen lacerum; FC - Foramen caroticum; 
FJ - Foramen jugulare. 


Presented at the meeting of the American Otological Society, Inc., Palm Beach, Florida, May 2-3, 1982. 
REPRINTS — Prof. Dr. Ugo Fisch, ENT Department, University Hospital, 8091 Zurich, Switzerland. 
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Fig. 2. (Patient 1, male, 37 yr) Type C, tumor destroying jugular foramen and jugular bulb with limited involvement of vertical 
portion of the carotid canal. A) CT, coronal section (arrow - jugular bulb). B) CT, horizontal section (arrow - vertical carotid 


canal). 


D, — tumors with intracranial extension greater 
than 2 cm in diameter that require a combined two- 
stage otological and neurosurgical removal. 


D, — tumors with inoperable intracranial inva- 
sion. 


Table 1 shows the distribution of the tumors 
operated upon between 1970 and 1982 accarding to 
the above classification. The types A and B tumors 
were removed with conventional tympanoplastic 
techniques and preservation of the middle ear func- 
tion. The radical removal of C,.; tumors was only 
possible through the infratemporal fossa approach 
after permanent anterior rerouting of the facial 
nerve. Failure to do so in cases classified as B tumors 
before introduction of computerized tomography 
resulted in extensive recurrence after 4 to 5 years. 
D, tumors were all removed in one stage using the 
same approach as for C,.; tumors. D, tumors re- 
quire a two-stage, combined otological-neurosurgi- 


cal removal. The extracranial portion of the D, 
tumors was removed using a similar approach as for 
D, lesions. 


Selective external and internal carotid angio- 
grams as well as vertebral angiography are still 
useful for determining vascularity, blood supply 
and relationship to involved major arteries. Embol- 
ization of the tumors is not carried out since it is 
fraught with risks, requires prolonged general anes- 
thesia and does not present determinant advantages 
for subsequent surgery. 


OPERATIVE TECHNIQUE 


The main steps of the operative technique are 
described in previous papers,** and only a few 
details of technique will be mentioned here. 


Blind Sack Closure of the External Canal. The ex- 
ternal canal skin is transected at the level of the 





Fig. 3. (Patient 2, female, 69 yr) Type C, tumor destroying infralabyrinthine compartment of the temporal bone and invading ver- 
tical portion of carotid canal. A) CT, coronal sectian (arrows - infralabyrinthine compartment of temporal bone). B) CT, horizontal 
section (arrow - vertical carotid canal). 
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Fig. 4. (Patient 3, female, 27 yr) Type C, tumor invelwing infralabyrinthine and apical compartment of temporal bone. A) CT, cor- 
onal section (arrows - posterior fossa dura and hypotrmpanum). B) CT, horizontal section (arrow - vertical carotid canal). 


bony cartilaginous junction. The skin of the exter- 
nal canal is elevated for approximately 1 em and 
everted using temporary sutures pulled through the 
canal. The canal skin is closed with 4-0 vicryl su- 
tures. The postauricular periosteal flap is su-ured to 
the medial surface of the external canal forming a 
second layer closure. 


Double Ligation of the Sigmoid Sinus. The bone 
covering the sigmoid sinus and the posterior fossa 
dura anteriorly and posteriorly to it is removed with 
the drill. Two incisions are carried out through the 
dura exposing the intact arachnoidal tissue anter- 
iorly and posteriorly to the sinus. With the ep of a 
special blunt, straight ligature needle (Fig. 6). a no. 
2 silk suture is passed through the posterior dural 
opening along the medial wall of the sinus until the 
tip of the instrument has reached the anterior inci- 
sion. The silk suture is pulled away from tke tip of 
the instrument and cut leaving back two sutures 
across the sinus. These sutures are tied in order to 
block the venous circulation from the sinus in the 
jugular bulb. The double ligature of the sinus is per- 
formed if possible inferiorly to the mastoid emissary 
vein in order to maintain the venous blood flow su- 
perior to it. The sinus ligation according to he pre- 
sented technique has been carried out to date in 52 
cases without any complication. 


Infratemporal Fossa Retractor for Displacement 
of the Ascending Mandibular Ramus. A special in- 
fratemporal fossa retractor has provided invaluable 
help in displacing the mandible for exposure of the 
intratemporal course of the carotid artery. The in- 
strument has a long stump blade which is placed 
posteriorly to the ascending mandibular ramus and 
a short sharp blade which rests against the posterior 
margin of the wound (Fig. 7). With the help of the 
infratemporal fossa retractor the mandible is 
displaced anteriorly just as much as needed for cor- 
rect exposure in the mandibular fossa avoiding un- 
due traction on the displaced facial nerve. The use 
of the retractor has completely eliminated the need 
for resection of the mandibular condyle in glomus 
tumor surgery. Furthermore, the mechanical trac- 
tion permits better control of the tension exerted on 
the transposed facial nerve, with correspondent 
reduction of risks of postoperative facial weakness, 
than manual retraction. 


POSTOPERATIVE TREATMENT 


Nasal intubation is left in place under sedation 
for 24 hours when cranial nerves IX and X were sac- 
rificed. If in the course of radical removal of the tu- 
mor (types C;, D,,.) a large portion of the posterior 
fossa dura had to be resected, there is danger of a 





Fig. 5. (Patient 4, female, 51 yr) Type D, tumor. A) CT, horizontal section showing intracranial extension of tumor (arrow). B) CT, 
horizontal section following tumor removal. Note total obliteration of middle ear cleft (subtotal petrosectomy). 
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TABLE 1. DISTRIBUTION OF GLOMUS TUMORS OF 
TEMPORAL BONE OPERATED 1970-1982 





A 6 8 
B 16 22 
C,.3 35 47 
Dia 17 23 
Total 74 100 


CSF leak through the wound, particularly when 
severe dysphagia and related continuous coughing 
have to be expected. In this situation an intralum- 
bar drainage with a pressure-regulating system 
allowing a flow of 4 drops/min in horizontal posi- 
tion is introduced through a lumbar puncture and 
left in place for five days. 


PRESERVATION OF STRUCTURES 


Internal Carotid Artery. The infratemporal fossa 
approach with permanent transposition of the fa- 
cial nerve permitted resection maintaining an intact 
carotid artery in 47 of 52 type C and type D glomus 
jugulare tumors. In three instances (one type C, and 
two type C, tumors), ie 6% of the cases, a perfora- 
tion of the carotid wall occurred at the level of the 
caroticotympanic artery requiring repair with 5-0 
vascular nylon suture. In two type C, tumors the in- 
ternal carotid artery was found completely obliter- 
ated at surgery and was ligated and resected with- 


POST FOSSA 


A 


No2 SILK 
SUTURE 








Fig. 6. Double ligation of sigmoid sinus. a) No. 2 silk 
ligature passed along medial wall of sinus with help of 
blunt, straight ligature needle. b) Silk suture is pulled 
away from A needle and cut, leaving back two su- 
tures across the sinus. c,d) Sutures tied to block venous cir- 
culation from sinus in jugular bulb. PSC - Posterior semi- 


circular canal, SS - Sigmoid sinus. 





Fig. 7. Operative field after anterior rerouting of facial 
nerve. Anterior tumor pole is exposed with help of infra- 
temporal fossa retractor. ICA - Internal carotid artery; JV 
- Jugular vein. 


out any secondary effect (Table 2). The technique 
used for carotid artery manipulation has been re- 
ported recently in another paper.* 


Facial Nerve. Table 3 shows the surgical manipu- 
lations carried out on the facial nerve and the cor- 
responding results. The facial function was assessed 
at least two years after surgery by sending out ques- 
tionnaires to 6l patients operated upon between 
1970 and 1980. Forty-three useful answers (70% ) 
were available for statistical evaluation. The types 
A and B tumors were removed without any deficit 
of facial function. The permanent anterior transpo- 
sition of the facial nerve was followed on average by 
a recovery of 85% of facial function. No postopera- 
tive paralysis but only a facial weakness was ob- 
served when the epineurium of the transposed facial 
nerve remained intact. Complete, postoperative fa- 
cial paralysis was the result of transposition of the 
nerve when a segment of the epineurium in the dis- 
tal mastoid segment had to be left in place because 
of tumor invasion. Grafting combined with anterior 
transposition yielded results comparable to those 
obtained because of other pathologic changes along 
the original fallopian canal.’ A 55% return of facial 
movements occurred after hypoglossal facial cross- 
over. In two patients presenting with tumor inva- 
sion of cranial nerves VII, IX, X, XI and XII, the 
motor portion of the mandibular division of the 
trigeminal nerve was connected with the distal 
stump of the facial nerve in the parotid region via a 
graft from the sural nerve. The graft was routed in 
a bony groove drilled along the base and lateral 


TABLE 2. MANAGEMENT OF INTERNAL CAROTID 
ARTERY IN TYPES C AND D TUMORS 


Type No. Resection + 
Tumor Pt. Intact Suture Ligature 
Gia 35 30 3 2 

D,.3 17 17 ia a 

Total 52 47 (90%) 3 (6%) 2 (4%) 
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TABLE 3. FACIAL NERVE MANAGEMENT IN GLOMUS 


TUMORS OF THE TEMPORAL BONE (1970-1980, N = 43/61) 
SSE Ee eee 


Result 

Type of Surge No. SGE, -X) 
Combined approach tympanoplasty 7 100% 
Permanent anterior transposition (PAT) 23 85 % 
Grafting + PAT 6 65 % 
XII-VII 5 55% 
V-VII 2 60 % 


SGE - Subjective global evaluation (assessed by questionnai:e at least 2 
years following surgery). 


TABLE 4. MANAGEMENT OF CRANIAL NERVES IX. X, XI 
IN GLOMUS TUMORS OF THE TEMPORAL BONE 


Tumor Type Lost Preserved 


C, IX X, XI 
C, IX, X XI 
C, IX, X, XI — 
D, IX, X, XI — 
D, IX, X, XI - 


wall of the middle cranial fossa (Fig. 8). Tae anas- 
tomosis was performed as described pre~iously.° 
Following placement of three 3-0 nylon sutures the 
anastomoses were covered with collagen mem- 
branes (Cargile Membrane, Ethicon, Inc.. Somer- 
ville, NJ). The results obtained with this aew tri- 
geminal-facial anastomosis is shown in Figure 9. 
This type of repair can be a valuable addition in the 
management of extensive glomus tumors of -he tem- 
poral bone. 


Cranial Nerves IX, X, XI, XII. In spite cf the in- 
troduction of microsurgical techniques, preserva- 
tion of cranial nerves X-XI remains dificult to 
achieve and depends mainly on tumor size (Table 
4). The close relationship between cranial nerve IX 
and the tumor makes separation of this nerve from 
the tumor impossible even in C, tumors. This loss is 
followed by a minimal dysphagia creating no prob- 
lems to the patients. Sacrifice of cranial nerves IX 
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Fig. 8. Trigeminal-facial anastomosis in presence of D, 
glomus tumor. The intracranial portion of the tumor is left 
in situ for subsequent neurosurgical removal. In view of ex- 
tensive infiltration of tumor into facial nerve, graft from 
sural nerve is interposed between motor portion of man- 
dibular division of trigeminal nerve ane stem of facial 
nerve in parotid region. PAI - Porus acusticus internus: 
MMA - Middle meningeal artery; ET - Eustachian tube; 
MC - Mandibular soe te SCMM - Sternocleidomastoid 
muscle, 


and X is a regular feature when resecting types C),, 
and D,,, tumors. When the function of these nerves 
was intact before surgery, severe aspiration of saliva 
accompanied by continuous cough is observed for at 
least one week. The resulting continuous increase of 
intracranial pressure leads to severe CSF leaks when 
the posterior cranial fossa dura had to be resected. 
This situation has led us to prefer a two-stage 
otological-neurosurgical resection in type D, 
tumors. The minimal morbidity and no mortality 
observed in our series is in contrast with one-stage 
procedures performed in type D, tumors by others.’ 


Cranial nerve XII had to be sacrificed at surgery 
in 13 (17%) of 74 patients. In these instances crani- 
al nerves IX and X were also involved. In two pa- 
tients nerve VII was resected because of tumor inva- 
sion together with nerve XII. In these instances the 
V;-VII cross-over was performed as described 
above. 





Fig. 9. Type D, glomus tumor of left it lee bone. A) Immediate result after removal of extracranial portion with trigeminal- 


facial anastomosis. B,C) Return of facial 


unction after eight months. 


INFRATEMPORAL APPROACH FOR GLOMUS TUMORS 


CONCLUSIONS 

The experience with 72 glomus tumors of the 
temporal bone has shown that the infratemporal 
fossa approach with permanent anterior rerouting 
of the facial nerve is necessary for removal of the tu- 
mor in 70% of the cases. For better surgical plan- 
ning and evaluation of results a subdivision of type 
C and type D tumors is proposed. The development 
of a special infratemporal fossa retractor has facili- 
tated the anterior displacement of the mandible 
eliminating the need for condyle resection. Using a 
straight blunt suture needle the double ligation of 
the sigmoid sinus was performed without complica- 
tion in 52 patients. Next to the permanent anterior 
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transposition of the facial nerve, the sacrifice of the 
middle ear function with complete obliteration of 
the middle ear cleft is the necessary prerequisite for 
total removal of type C and type D tumors. Graft- 
ing with anterior rerouting, XII-VII anastomosis or 
the V,-VII anastomosis has been successfully em- 
ployed. Preservation of cranial nerve X was only 
possible in C, tumors. The cranial nerve XI re- 
mained intact in C, and C, tumors. Since cranial 
nerves IX and X cannot be saved a two-stage otolog- 
ical-neurosurgical resection has to be preferred in 
D, tumors in order to reduce morbidity and mor- 
tality related to severe CSF leaks induced by dys- 
phagia and continuous coughing. 
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Conventional radiography and even high resolution computerized axial tomography leave much to be desired in demonstrating the 
minutiae of the anatomy of the temporal bone. Multidirectional tomography remains the examination of choice radiographically in cases 


INTRODUCTION congenital, which show demonstrable changes in 
Visualization of the structures of the inner, mid- the temporal bone by multidirectional tomography. 
dle and external ear canal is a great aid to the diag- 
nosis and possible surgical therapy of congenital EMBRYOLOGY OF THE TEMPORAL BONE 
anomalies of the temporal bone. At this point in According to Arey’ the inner ear develops in the 
time, multidirectional tomography is the me-hod of 3'h-week-old human embryo as the otic placode, a 
choice for roentgenographic examination of these thickening of the ectoderm on either side of the 
patients. At times it may be definitive in determin- head. This area enfolds to become the otic pit and 
ing both the etiology and the therapeutic course to then pinches off to become the otocyst. By three 
be followed and always it is an indispensable road- months, it is differentiated into the endolymphatic 
map for surgical exploration. duct and sac, the semicircular endolymphatic ca- 


nals, the utricle, saccule and cochlear duct contain- 
ing the organ of Corti. By the fifth month of fetal 
life, the sensory end-organ of the ear attains adult 
form and size as the cartilaginous otic capsule ossi- 


There are a great number of hereditary ard con- 
genital causes of hearing loss. Konigsmark' has es- 
timated there are about 70 types of hereditary deaf- 
ness in humans. He feels the differential diagnosis of 


these familial deafness syndromes is aided by exam- fies.” 

ining 1) the mode of genetic transmission. 2) the The sound-conducting mechanism in the middle 
characteristics of the deafness, 3) the age of onset, and external ear derives as follows:° the auricle. 
4) the sonic frequencies involved and, 5) the asso- malleus and incus develop from the first branchial 
ciated abnormalities. He also pointed out what is arch; the external auditory meatus develops from 
well known, that hereditary deafness may be con- the first branchial groove: the tympanic cavity and 
ductive, neural or mixed. eustachian tube develop from the first pharyngeal 


pouch; and the stapes develops from the second 


Ward? reminds us that “all cases of congenital , 
branchial arch. 


deafness are not hereditary.” He cites “the maternal 


ingestion of toxins, maternal rubella during the first By the third fetal month the pinna has been formed 
trimester, Rh incompatibility, intrauterine acci- from the first and second branchial arches, but it is 
dents and birth injuries” which have “no genetic not until the seventh fetal month that the ectoder- 
precursor.” mal chord of cells cannulizes to form the tympanic 


membrane and then the external auditory meatus. 
Pneumatization of the temporal bone also begins in 
the seventh fetal month and may continue into the 
petrous apex into adult life. Therefore, congenital 
anomalies of the inner ear occur during the second 
or third month of embryonic life, while congenital 


Van Egmond’ called attention to the fact that 
deafness may be hereditary but not congenitel as in 
otosclerosis. Moreover, as Ward? recognizes, deaf- 
ness can be both congenital and hereditary as exem- 
plified in “sporadic recessive deafness.” 


Due to these and other considerations. clasifica- anomalies of the sound-conducting apparatus occur 
tion of hereditary and congenital deafness has been during the second to seventh month of fetal life.5 It 
most difficult and often confusing. In this paper, we may be added that many, if not most, of the impor- 
are confining ourselves to those types of hereditary tant developmental anomalies are initiated by 
and congenital hearing loss, be they hereditary or changes occurring in normal development from the 


Presented at the meeting of the American Otological Societ=, Inc., Palm Beach, Florida. May 2-3, 1982. 
REPRINTS — J. William Wright, Jr, MD, Otologic Associates Inc., 5506 East 16th Street, Suite 22, Indianapolis, IN 46218. 
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seventh to ninth week of fetal life. 


INNER EAR ANOMALIES VISUALIZED 
BY TOMOGRAPHY 


The internal auditory canal (IAC) varies signifi- 
cantly in size both as to vertical height and also as to 
medial-lateral dimensions. It is, however, remarka- 
bly consistent in normal-hearing individuals when 
one side is compared to the other in the same per- 
son. 


We have observed a narrow IAC in many indi- 
viduals who have a sensorineural hearing loss which 
is not always progressive, although most of the time 
it is. It is extremely difficult to rule out other 
possibilities for the sensorineural hearing loss other 
than the size of the IAC itself. We have been im- 
pressed, however, that any IAC in which the ver- 
tical diameter of the canal is less than 3 mm in 
height may be of significance in sensorineural hear- 
ing loss. This is mentioned only because the associa- 
tion of such hearing losses with a narrow IAC seems 
to be greater than mere change would dictate. It is 
not, however, a proven correlation in our hands. 


A frequent finding in congenital anomalies is 
what we have termed a “sloping tegmen.” In the 
anterior-posterior (AP) view and somewhat less 
well-discerned in the lateral view, the floor of the 
midcranial fossa or tegmen may slope sharply from 
lateral to medial toward the foramen magnum. 
There is poorer, if any pneumatization, superior to 
the IAC and the effect of the deformity is to shorten 
the superior wall of the IAC and shorten the length 
of the entire canal. In extreme cases, this will cause 
the pors acousticus to open into the midcranial fossa 
rather than into the posterior cranial fossa. On oc- 
casion the IAC will be markedly short with a very 
poorly visualized crista falciformis. 


Conversely, the tegmen may slope from medial to 
lateral in such a fashion as to descend to a level 
touching the horizontal semicircular canal. These 
deformities may coexist or be independent of each 
other. 


The normal cochlea is well-delineated on multi- 
directional tomography and has a rather uniformly 
spherical appearance particularly in the AP view. 
In many of the named syndromes of congenital or 
hereditary hearing loss and also in some others not 
carrying an investigator's name but yet demonstrat- 
ing neurosensory involvement, the cochlea appears 
to be somewhat “squashed” or “lopsided.” as if it 
had been slightly squeezed between a thumb placed 
on the basilar turn and a forefinger on the apical. 
This leads to a slightly flattened appearance of the 
usual spherical form. 


Probably the next most common inner ear pa- 
thology is seen with a dilation of the horizontal 
semicircular canal. This may present as a short and 
greatly enlarged horizontal semicircular canal in 


the AP view or may also be associated with an en- 
larged vestibule. Most often the superior and pos- 
terior canals are either normal or slightly underde- 
veloped. On rare occasions all three canals and the 
vestibule may be hugely dilated. 


In Mondini’s syndrome the basilar 1'/; coils of the 
cochlea usually appear normal, but there is a wide- 
open cavity above this with no separation between 
the seeond and the beginning of the third coil, so 
that there appears to be one coalescent cavity in the 
apical portion of the cochlea. Occasionally the ves- 
tibular aqueduct is dilated, becoming almost as 
broad in its lumen and as wide as the common crus. 
The vestibule itself may appear larger than normal. 


The Michelle deformity is equal to an aplasia of 
the entire inner ear, wherein the vestibule, cochlea 
or semicircular canals are observed as not having 
any translucent lumen. The bony otic capsule is 
normally formed but without any fluid-containing 
spaces. In our experience, this is most often associ- 
ated with a normal external ear canal and middle 
ear and, of course, presents a complete neurosen- 
sory hearing loss on the side or sides involved. Diag- 
nosis is dependent entirely upon roentgenographic 
demonstration of the defect. 


The normal facial nerve can be seen exiting from 
the lateral extremity of the internal auditory canal 
in both the AP and 20° oblique tomographic views. 
We have observed one case of Mobius syndrome 
with paralysis of the external rectus muscle and 
facial paralysis in which it was clear that no such 
exit existed in the tomographic examination. 


Many of the named and unnamed syndromes of 
hereditary and congenital deafness show distortion 
of the normal architecture of the inner ear when ex- 
amined tomographically. In our experience, these 
are found most often in Crouzon’s, Apert’s, Waar- 
denburg’s, Michelle’s, Mondini’s and Hurler’s dis- 
eases. They are manifested by alterations in size, 
position and structure as well as possible oblitera- 
tion or aplasia of the IAC, vestibule, cochlea, semi- 
circular canals and tegmen. With the exception of 
the Michelle and Mondini syndromes, the tomo- 
graphic findings are inconstant. Some patients dem- 
onstrate no significant changes in the inner ear, 
while others manifest severe alterations of normal 
anatomy. 


There are many inconsistencies in the architec- 
ture of the temporal bone as observed in some in- 
stances of hereditary and congenital deafness. These 
inconsistencies initially give rise to great confusion 
in interpreting the tomogram. However, with ex- 
perienee one can begin to see what we like to call 
“consistent inconsistencies.” Thus, it is observed 
that these deviations from normal tend to fall into a 
repetitive pattern making the analysis of the tomo- 
gram far easier. 
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EXTERNAL CANAL ANOMALIES SEEN 
IN TOMOGRAPHY 


The external ear canal may have one of the three 
significant clinical abnormalities, ie, complete atre- 
sia, partial atresia, or abnormal angulation. Occa- 
sionally atresia, either partial or complete, may be 
confined to the lateral one third of the external ear 
canal which is its cartilaginous portion. Complete 
atresia of the canal, whether confined to the carti- 
laginous segment or involving the bony medial two 
thirds of the canal as well, is usually associated with 
deformities of the cartilaginous auricle. 


When there is either incomplete or complete atre- 
sia of the bony external ear canal, it is most often 
due to either hypoplasia of the tympanic bone or 
failure of its cannulization.’ Normally, through 
cannulization the tympanic bone contributes ap- 
proximately two thirds to the substance of the exter- 
nal ear canal. It follows that hypoplasia or agenesis 
of the tympanic bone creates a much more difficult 
problem of surgical reconstruction. 


Three things about the external canal are of im- 
portance to the surgeon. Agenesis or hypoplasia of 
the tympanic bone is of great importance since the 
larger and more normal this structure is, the more 
surgical room there is for reconstruction of an ex- 
ternal canal. The surgeon is also interested in know- 
ing the thickness and completeness of the bony atre- 
sia plate, since the thicker it is, the more drilling 
will have to be done in an area of few or little land- 
marks in order to reach the middle ear cavity. On 
the other hand, the smaller the tympanic bone, the 
more likely there is to be distortion of the normal 
relationships of the facial nerve and other impor- 
tant anatomical features. 


If two surgeons are involved in the correction of 
an atresia with external ear deformity, one surgeon 
doing the former and the other surgeon doing the 
latter, consultation should be obtained to eoordi- 
nate the position of the auricle and the external au- 
ditory canal. This is essential since the external 
canal can usually be placed in only one position, 
which is determined by the position of the middle 
ear and the amount of tympanic bone present for 
reconstruction of the external canal. The external 
ear must be moved to accommodate the position of 
the canal and not vice versa. 


Partial atresia of the external ear canal can be 
well demonstrated in tomography and three impor- 
tant pieces of information gained. First is the im- 
portant knowledge that there is indeed a track, no 
matter how small, which can lead the surgeon to 
the middle ear as opposed to his having to utilize 
other landmarks (which may in and of themselves 
be abnormally placed). Secondly, the demonstra- 
tion of a patency regardless of size frequently as- 
sures that normal squamous epithelium is covering 
the outer surface of the eardrum. Thirdly, enlarge- 
ment of the medial end of the external ear canal can 


be discerned. The latter situation is present on occa- 
sion when epithelial debris collects in the medial 
portion of the canal and is trapped by the partial 
atresia. Early correction can prevent this accumula- 
tion and the subsequent metamorphosis of fairly 
normal squamous epithelium into a cholesteatoma 
of the canal with pressure, necrosis and gross en- 
largement of the medial end of the canal. When 
marked enough, perforation of the drum can result 
with gross bone destruction of the medial end of the 
canal and the ossicles as well as facial paralysis. 


ANOMALIES OF THE TYMPANIC CAVITY 


The tympanic cavity, including the epitympan- 
um and hypotympanum, varies from absent to 
larger-than-normal in size. Most consistently, when 
there is a diminution in size of the cavity, the attic 
area is usually best preserved. In studying the cavity 
by tomography, the AP view is more satisfactory for 
estimating the true size of the tympanic cavity than 
the lateral due to the frequent overlying atresia 
plate which obscures the details in the lateral view. 


We have previously mentioned the medial-lateral 
slope of the tegmen in congenital cases which has a 
very deleterious effect upon the size of the tympanic 
cavity, and particularly the attic region. Should the 
tegmen slope so severely inferiorly that it comes to 
rest on the horizontal semicircular canal, this ma- 
terially narrows the space available in the attic for 
surgical manipulation and reconstruction. 


Within the tympanic cavity, the ossicles and oval 
and round windows all are subject to variation from 
normal. 


The malleus quite frequently shows three minor 
deviations from normal, only one of which seems to 
have much clinical significance. The first variation 
is a hypertrophy or elongation superiorly of the 
head of the malleus. This appears in the lateral to- 
mogram as if the malleus had a small peaked hat 
resting on the head and extending upward into the 
attic. The second alteration consists of a reduction 
in the posterior portion of the head of the malleus, 
which in turn is taken over by an extension of the 
body of the incus enlarging to fill this area. Some- 
times this can cause some confusion in the AP view 
when the proper plane is cut, as it will appear to 
resemble a dislocation of the incus anteriorly over 
the malleus. We have observed no significant clini- 
cal effect from these two deformities. 


The third and most common minor ossicular 
anomaly having any clinical significance is a right 
angle deformity of the long process of the malleus. 
This causes a right angulation of the long handle of 
the malleus, just beneath the neck of the malleus, to 
be pointed toward the cochlea, and sometimes, to 
be actually embedded in the mucosa of the medial 
wall of the middle ear. This fixation of the malleus 
limits its excursion and produces a significant con- 
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ductive loss. Such a condition is best seen im the AP 
or oblique views. 


Fusion of the malleus and incus into an inverted 
teardrop bony mass is the most common major de- 
formity of the ossicular chain. Frequently this mass 
is fused to either the atretic plate or the attic. It is 
rarely seen without a marked conductive loss. It 
may be seen alone or in combination with stapedial 
malformation. 


All ossicles, though appearing normal, may be 
congenitally fixed. A favorite spot for malleus fixa- 
tion is immobilization of the head of the malleus by 
an anterior-superior fixation to the tegmen. On oc- 
casion, it may be immobilized by ossification and 
calcification of the anterior and posterior malleolar 
ligaments. 


Hypertrophy, or failure of cannulization, of the 
posterior spine of the tympanic bone may result in 
lateral fixation of the incus. 


Either the malleus or incus, or both, may rarely 
be fixed on their medial surfaces by a bony bridge. 
When the incus is involved this usually extends from 
the horizontal semicircular canal to the body of the 
incus and is best seen in the AP or oblique views. 
The malleus may have a medial fixation of the head 
to the medial wall of the attic, or may occasionally 
be fixed through the cochleariform process to the 
lower portion of the neck of the malleus. Again, the 
AP view best to delineates this situation. 


The stapes suprastructure is not visualized well 
enough to estimate its condition. However, eongen- 
ital footplate fixation can be demonstrated. The 20° 
oblique view is best for showing this condition. The 
tomograms show a bony barrier between the middle 
ear and the vestibule at the level of the oval win- 
dow. The fixation is relatively sharp-appeering as 
opposed to the somewhat fuzzy appearance of oto- 
sclerosis. The oval window is quite often somewhat 
more shallow than normal and there is no vestibular 
extension of the footplate into the vestibule as is 
sometimes seen in otosclerosis. 


The round window can fail to develop amd may 
show complete absence. This can be discerned only 
by a series of tomographic cuts in the AP and obli- 
que views usually placed slightly posterior to the 
level of the oval window. 


ANOMALIES OF THE FACIAL NERVE 


The facial nerve has a great tendency to be aber- 
rant in hereditary and congenital anomalies. It is 
here that we see far more commonly the bifid or 
even tripartate nerves as well as the tortuous and 
circuitous route that the nerve may take. Here 
again, however, certain consistencies are helpful. 


Probably due to the lack of development of the 
tympanic bone, the facial nerve tends to be found 
more anteriorly placed than usual. It can, om occa- 


sion, run through the middle ear cavity itself rather 
than ics usual position posterior to the posterior wall 
of the tympanic cavity. In the normal temporal 
bone, the descending course or vertical portion of 
the facial nerve is on a vertical plane with the pos- 
terior limb of the horizontal semicircular canal. In 
congenital anomalies, a vertical line through this 
descerding course tends to bisect the horizontal. 
semicireular canal or lies even more anteriorly 
through the ampullary end of the canal. 


Most congenitally aberrant facial nerves are short 
and relatively thick. Therefore, in searching for a 
difficult-to-locate facial nerve, one should always 
seek it more anteriorly than would be anticipated 
and search for a relatively short, wide translucency. 
The nerve is frequently somewhat more inferiorly 
placed in relationship to the horizontal semicircular 
canal than usual. It is not infrequently uncovered in 
its intratympanic course which is best seen in the 


20° oblique view. 


In following these tortuous nerves, it is necessary 
to take a series of views separated by 1 mm in both 
the lateral and AP positions in order to follow this 
abnormal pathway. 


Commonly, a bifid nerve is one which is a single 
trunk just beneath the horizontal semicircular canal 
which then splits into two trunks throughout its des- 
cending vertical course and reunites either at or just 
outside the stylomastoid foramen into a single trunk. 
The most lateral of these trunks is usually the largest 
and is usually the one which receives the chorda 
tympani nerve. This condition is best seen in the AP 
view. One must not confuse the air cells of a coales- 
cent-type sinus tympani with a medial branch of a 
bifid facial nerve. The clue to this distinction is that 
the medial branch of the facial nerve will exit 
through the stylomastoid foramen at some point, 
either with the lateral branch or apart from it. On 
the other hand, the sinus tympani does not exit from 
the base-of the skull and no foramen can be visual- 
ized for its exit. 


The vascular “bumps” which have been described 
elsewhere,’ occur more frequently in congenital 
cases. These bumps can be distinguished from the 
true anomalous course of the facial nerve which 
tends to kink on occasion by the fact that the ante- 
rior well of the facial nerve canal remains straight 
in the vascular bump while it also shows a deviation 
equal to the deflection of the posterior wall in the 
truly anomalous nerve. The vascular bump can also 
be distinguished from air cells immediately adja- 
cent tc the posterior portion of the descending 
course of the facial nerve by the fact that there is no 
intervening wall between the translucency of the 
vascular bump and the facial nerve itself, whereas 
air cells do have a bony wall or septum separating 
them from the integrity of the nerve itself. 


A rare situation does occur wherein the facial 
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nerve passes inferior to the oval window rataer than 
superior to it beneath the horizontal sem:circular 
canal. AP and oblique views can demonst-ate this 
situation by showing that there is a soft tisste opaci- 
ty on the superior-lateral aspect of the promontory 
of the cochlea and no evidence of a bony canal for 
the facial nerve superior to the oval window and be- 
neath the horizontal semicircular canal. 


- . OTHER TOMOGRAPHIC FEATURES OF 
CONGENITAL AND HEREDITARY HEARING LOSSES 


- ‘It is not unusual to see an alteration of the usual 


~. architecture of the temporomandibular joint prin- 


cipally because of the tendency for hypoplasia or 
agenesis of the tympanic bone. The glencid fossa 
may be markedly flattened or even absent. Normal- 
ly, the distance from the posterior aspecz of the 
ramus of the mandible to the anterior surface of the 
tympanic bone is approximately 8 mm. In some 
congenital cases, depending upon the degree of 
hypoplasia or agenesis of the tympanic bcne, this 
distance may reach as much as 40 mm. 


The degree of pneumatization of the temporal 
bone and the size of the mastoid cells is important to 


observe in congenital anomalies. The more normal 
the cellular structure is the more likely other 
anomalies are not as severe. Conversely, the smaller 
and more sclerotic the mastoid, the more likely se- 
vere distortions of architecture are present, and 
consequently, the more difficult and hazardous the 
surgical correction. 


The position and size of the jugular bulb and 
carotid artery are quite varjable in congenital 
anomalies. Both lateral and AP views can reveal the 
presence of a high or uncovered jugular bulb, which 
may in some instances rise as high as the level of the 
oval window. The AP view in particular can reveal 
the position of a laterally-placed carotid or one that 
is not covered by bone. 


CONCLUSION 


Many of the deviations from normal in hereditary 
and congenital hearing losses may be clearly re- 
vealed by the use of multidirectional tomography, 
aiding both in the diagnosis of the condition and 
serving as a surgical roadmap for possible surgical 
intervention. 
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Brainstem auditory evoked potentials present a unique opportunity to assess the neuronal and auditory status of the newborn. To date, 
sample data have been few in number, thereby limiting their interpretive value. The present study was undertaken in an effort to accrue 
data generated from a large sample size. One hundred fifty-five normal neonates were tested within the first 36 hours of life. No subjects 
qualified for inclusion in the High Risk Register for Hearing Loss established bythe American Academy of Pediatrics. Each ear was tested 
independently, using click stimuli at a rate of 30.1 per second at 65 dB HTL. Test runs were replicated for purposes of reliability. A run 
consisted of 2,000 sweeps of data, each being 10 ms in length. Identification of wave forms were assessed by two or more observers. Total 
agreement was required from all observers for inclusion of wave peaks for analysis. Latencies of onset of stimulus to peak were obtained. 
Descriptive as well as inferential statistics were computed. Results provide standardized data for comparison. 


Brainstem auditory evoked potential (BSAEP) 
assessment is an acceptable and facile method of 
measuring hearing and auditory maturation. One 
significant application is with individuals who are 
unable to participate in conventional behavioral 
testing. In the neonate, BSAEPs have been acquired 
from binaural stimulation at various stimulus inten- 
sity levels'“* and under various conditions of pulse 
rate and stimulus phase.° 


The present investigation was performed to es- 
tablish normative data for clinical use with BSAEPs 
in the assessment of hearing sensitivity and auditory 
maturation in normal birth neonates. As a result, 
each ear was to be assessed independently. Data 
were collected to describe frequency of occurrence 
of Jewett-Williston peaks,® the temporal relation- 
ships of each peak from the onset of the stimuli 
(latency), and to determine possible effects that 
may exist as a function of ear, trial replication, and 
intensity of stimuli. 


METHODS AND MATERIALS. 


During the period of data collection (20 days) there were 345 
births of full-term infants who were admitted directly to regular 
nurseries of the Lying-In Division of the Brigham and Women’s 
Hospital. None of these infants were at risk for hearing loss” as es- 
tablished by a joint committee of the American Academy of Pedi- 
atrics and the American Speech and Hearing Association. In addi- 
tion, the five-minute Apgar score was greater than 7 in the study 
group (Table 1). Given time limitations, within 24 hours postpar- 
tum, 261 parents were contacted for participation of their new- 
borns in this study in accordance with the guidelines of the hospi- 
tal Human Subjects Committee. Of this number, 20% parents 
(77%) agreed to participate. Ultimately, 155 infants were tested, 
79 males and 76 females. 


Brainstem auditory evoked potentials were acquired on 155 in- 
fants within 36 hours of birth utilizing the Med-80 system (Nicolet 
Instrument Corporation). Following the placement of vertex and 
mastoid gold cup surface electrodes, each ear was stimulated in- 
dependently in the following order: 1) right ear at 65 dB HTL; 2) 
replication at 65 dB HTL; 3) right ear at 45 dB HTL; 4) replica- 
tion at 45 dB HTL; 5) left ear at 65 dB HTL; 6) replication at 65 
dB HTL; 7) left ear at 45 dB HTL; 8) replication at 45 dB HTL. 
These particular stimulus levels were selected due to their rela- 
tionship to normal and soft conversational speech, the attempt be- 
ing made to rule out a loss significant enough to handicap the 
learning process. Presentation of stimuli below the 45-dB level 
were nct utilized due to the need to accrue as many I-V peaks as 
possible for study. 


Two ‘housand sweeps from a 10 ms window were collected for 
each stimulus series. Pulse duration was 100 ps delivered at a rate 
of 30.1 »er second. A band-pass filter was set to limit collection of 
activity within the range of 150 Hz to 3,000 Hz. Artifact rejection 
level wss set to 95% . Sensitivity of amplication was equal to 12.5 
uV. By majority consent, three observers, all trained in brainstem 
evoked potential assessment, noted the presence or absence of 
peaks I-V. If a peak was present, the latency from onset of the 
stimuli to which the peak occurred was recorded. Figure 1 repre- 
sents an example from one infant tested. 


Althoagh each infant was tested bilaterally with each ear 
stimulated independently, 10 of the 310 ears did not yield usable 
data. Consensus could not be reached among the observers for 
these ter infants. Thus, the initial data base included only the 145 


TABLE 1. CRITERIA FOR IDENTIFICATION 
OF HIGH-RISK NEONATES’ 





History of hereditary childhood hearing impairment 


History of rubella or other nonbacterial intrauterine fetal in- 
fectioas (eg, cytomegalovirus, herpes virus infections) 


Defects «f ear, nose or throat: malformed, low set, or absent pin- 
nae; cleft lip or palate (including submucous cleft); any resid- 
ual abnormality of the otorhinolaryngological system 


Birth weight less than 1.5 kg 
Bilirubin level greater than 20 mg/100 ml serum 


From the Division of Speech & Hearing (Zubick, Feudo), the Department of Newborn Medicine (Epstein), Brigham & Women’s Hospital, and The Joint 
Center for Otolaryngology (Fried, Strome), Harvard Medical School, Boston. The study was supported in part by a grant from the Brigham Surgical 


Group. 


Presented at the meeting of the American Otological Society, Inc., Palm Beach, Florida, May 2-3, 1982. 
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infants from whom data were acquired bilaterally. For these in- 
fants the binary endpoint of the presence or absence of each peak 
was calculated to reflect the effect of stimulus level (6€ dB vs 45 
dB), ear (right vs left), and replication (trial 1 vs trial 2`. Follow- 
ing this, the mean latency of each peak was calculated for those 
infants. This was then performed for infants with chservable 
peaks in both ears. These latency data were then trested using 
paired ¢ tests to reveal the effects upon them by stimulus level, 
ear, and trial. 


RESULTS 


Figure 2A,B reveals the results of the rate of peak 
formation for each ear, for each replication, and for 
each of the five peaks at 65 dB HTL and 45 dB HTL 
respectively. A significantly greater incidence 
(p<0.05) of peaks I, III, and V were observed com- 
pared to peaks II and IV. For peaks I, III, and V the 
difference between the number of peaks seen at 65 
dB and at 45 dB is always statistically significant. A 
greater number of peaks were observed at the 
higher stimulus level. Further, peak V was observed 
most often. Peak III was observed more often than 
peak I. The effect of right ear vs left ear, and the ef- 
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Fig. 1. BSAEP from one infant tested. 
L - Left ear; R - Right ear. 


7 
PA a, 


fect of trial 1 vs trial 2 is not statistically significant. 
Thus, there was no difference in the number of 
peaks acquired per year or from the use of the 
replication. 


Tables 2 and 3 represent the latencies of peaks ob- 
served in infants, with peaks recorded at both 
stimulus levels in the right ear and the left ear 
respectively. For each of the peaks, statistical tasks 
(paired t tests) performed reveal a consistent signifi- 
cance between the latencies of all peaks formed at 
65 dB vs those at 45 dB. In moving from peaks I 
through V latencies are obviously longer. The ab- 
solute value of this comparison is presented within 
the tables. This value is termed the latency-intensity 
shift. A significant trial effect was not found in that 
a high replicability was noted. 


Tables 4 and 5 present latency data for infants 
with peaks in both ears at 65 dB and 45 dB respec- 
tively. Paired t tests reveal a significant difference 
between the latencies of the peaks collected from 
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Fig. 2. Rate of peak formation for each ear and each replication. Frequency of occurrence A) 65 dB HTL: B) 45 dB HTL. 
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TABLE 2. LATENCY DATA FOR RIGHT EAR IN INFANTS 
WITH PEAKS AT BOTH LEVELS 


i 
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65 dB 45 dB 


Peak Trial N X SE b SE Shi 
I l 80 2.26 0.05 2.18 005 0.46 
69 2.23 0.05 2.72 0.05 0.49 
102 5.01 0.04 5.52 0.06 0.51 
101 5.00 0.03 5.52 0.06 0.52 
113 7.18 0.05 7.78 0.05 0.69 
116 7.20 0.04 7.84 0.04 0.64 


II 


pee wo — bo 


each ear. Although observed at both stimulus levels, 
this difference is somewhat greater at the 45-dB 
level (Table 5). It is interesting to note the very 
small standard error that exists in relation to all the 
mean data which are reported. 


DISCUSSION 


Based on this experience, BSAEP assessment has 
been found to be a reliable measure that is easily ob- 
tained. There were no present circumstances (eg, 
sedation, feedings) that must be met in order to ac- 
quire the data. 


When peaks were observed at any intensity, at 
replication there was minimal latency variation. 
From this, the data suggests that trial replication 
may not be required. This may take on particular 
significance for those contemplating utilizing 
BSAEP techniques in screening a large number of 
newborns. 


The evaluation of the neonatal BSAEP can be 
based on the latencies of peaks I, III, and V which 
are far more consistent in their presence than peaks 
II and IV. The same consistency existed for peaks 
which appeared following stimulation at 45 dB as 
well as 65 dB. For this reason, acquisition of data at 
45 dB may preclude a 65 dB trial if hearing sensitiv- 
ity is the issue to be resolved. If so, then trials at 
lower intensities may yield additional information 
regarding biologic threshold. The typical problem 
associated with stimulation below the 45-dB level is 
the diminution in the number of waveform data 
points available for analysis. The current study did 
not go below the 45-dB level in order to retain the 
wave I response for its relevance in determining the 
presence of a peripheral conductive loss in other 
than a normal test population. 


Tables 4 and 5 depict a slight but statistically 


TABLE 3. LATENCY DATA FOR LEFT EAR IN INFANTS 
WITH PEAKS AT BOTH LEVELS 


_ 65 dB 45 dB 
Peak Trial N X SE X SE Shift 
I 1 7⁄9 £2.20 0.04 2.79 0.04 0.59 
2 73 218 0.04 2.87 0.04 0.69 
II 1 94 5.07 0.03 5.71 0.04 0.64 
2 94 5.09 0.04 5.66 0.03 0.57 
1 114 7.29 0.04 7.95 0.04 0.66 
2 118 7.30 0.03 7.96 0.04 0.66 


TABLE 4. LATENCY DATA AT 65 dB IN INFANTS 
WITH PEAKS IN BOTH EARS 
_ Right Left 
Peak Trial N X SE X SE Di 
I l 96 2.26 0.05 2.19 0.03 0.07 
93 2.20 0.03 2.25 0.04 0.05 
108 5.06 0.04 5.12 0.03 0.06 
117 5.07 0.04 5.16 0.04 0.09 
127 7.24 0.05 7.32 0.03 0.08 
130 7.25 0.04 7.35 0.04 0.10 
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significant difference in latencies obtained from the 
right and left ears. This difference may be based in 
part on the design of the study. The study protocol 
used a systematic rather than a randomized order of 
presentations. All right ear trials were acquired 
prior to those from the left. The reliability of these 
data is such that even subtle differences between 
mean latencies were proven significant. In its ex- 
treme, the differences are less than 0.2 ms. 


This issue was investigated through the addi- 
tional testing of 20 normal infants for whom the 
order of presentation was randomized, since we 
found no similar study in the literature that com- 
pared interaural latencies. Each additional infant 
was selected according to the same criteria as the 
original group. Results of paired t tests for the data 
collected from the additional group were not signi- 
ficant for an interaural difference. In‘summary, the 
original minimal difference is resolved by random- 
izing order of presentation. 


An analysis of the I-V conduction times that are 
shown in Tables 4 and 5 was performed. Trials 1 
and 2 were averaged for waves I and V at both the 
65-dB and 45-dB levels of stimulation. These times 
were then extrapolated by subtraction. The value 
for the right ear at 65 dB was 5.02 ms and 5.12 ms 
for the left. At 45 dB, the right ear I-V conduction 
time was 5.01 ms and 5.11 ms for the left. The 
resulting mean difference between conduction 
times for right and left ears is 0.10 ms for both levels 
of stimulation. The findings are consistent with the 
rigid protocol and statistical analysis. 


The minor asymmetry between ears noted on the 
latency-intensity function appear to be of minimal, 
if any, significance. It is essentially eliminated 
through a randomized stimulus presentation. The 
authors, therefore, stress the need for this type of 
protocol design. 


TABLE 5. LATENCY DATA AT 45 dB IN INFANTS 
WITH PEAKS IN BOTH EARS 
_ Right Left 
Peak Trial N X SE x SE Di 
I l 60 2.76 0.05 2.79 0.04 0.03 
2 49 2.72 0.05 2.86 0.05 0.14 
] 83 5.49 0.08 5.68 0.04 0.19 
2 82 5.57 0.04 5.63 0.04 0.06 
l 
2 





II 


98 7.76 0.05 7.95 0.04 0.19 
101 7.76 0.05 7.94 0.04 0.18 
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HARMONIC ACCELERATION TESTS AS A MEASURE OF 
VESTIBULAR COMPENSATION 


WALLACE RUBIN, MD 


METAIRIE, LOUISIANA 


The material presented is excerpted from patient evaluations. The study was performed with the use of the Contraves rotary chair. 


This testing modality was used at each patient visit. 
have been selected to illustrate 


All other conventional auditory and ENG tests were 
the value of the harmonic acceleration (HA) 


also performed. These patients 


test as a modality for monitoring patient progress. The HA 


graphs produced were a result of the presence or absence of central vestibular compensation. The findings on these investigations further 
confirm that HA tests provide an objective monitor for vestibular abnormality. 


Electronystagmographic recordings, rotation 
concepts, sinusoidal acceleration, graded low fre- 
quencies of rotation, sophisticated electronics and 
computer technology are not new. However, com- 
bining all these in the clinical area is new. 


In 1972 Mathog stated in his treatise on testing of 
the vestibular system by sinusoidal angular acceler- 
ation! that “. . . it did provide a potential method 
for following a changing disease state.” Mathog 
was only able to conjecture that rotation testing 
would have monitor and other capabilities. He un- 
fortunately did not have the advantage of sephisti- 
cated electronics and advanced computer technol- 
ogy. It took Wolfe et al? to put all of the pieces 
together so that we clinicians could finally “dis- 
cover it. 


The clinical advantages of harmonic acceleration 
(HA) tests have been documented elsewhere.** The 
graphic advantages of the HA test have also been 
described in a number of other publications.°” Suf- 
fice it to say here that there are two Bode plots 
which the XY plotter graphs for the clinician: phase 
lag and preponderance. The phase lag may be nor- 
mal, describe a peripheral plot (low frequency ab- 
normalities) or a central plot (all frequencies abnor- 
mal) (Fig. 1A-C). The preponderance plot may be 
normal, right preponderant or left preponderant 
(Fig. 1D-F). 


Those with extensive ENG experience know that 
conventional ENGs (spontaneous, positional, gaze, 
optokinetic, tracking and thermic caloric tests) do 
not usually change as time elapses. Interval moni- 
toring of a changing disease state or pathology, 
therefore, is not possible with conventional ENG. 
Of course, there are variations in ENG responses 
over time, as in some cases of hydrops. It is, 
however, impossible to follow and document the 
course of the majority of neurotologic patients with 
conventional ENG and relate the ENG findings to 
patient symptoms. 


Conditioned by this prior prejudice as to the 
possibility of monitoring patient progress with 
ENG, I was surprised and utterly amazed to find 
that HA tests in fact could offer this monitoring ca- 
pability. Patient progress can be classified accord- 
ing to the following format: 


I. Improvement (objective) 
A. Sustained 
1. Subjective agreement (patient 1) 
2. Subjective disagreement (patient 2) 
B. Not sustained (patient 4) 


II. No improvement (objective, patient 3) 
CASE REPORTS 


The following patient histories and test findings 
are illustrative of HA patient-monitoring advan- 
tages and capabilities. 


Patient 1. A 34-year-old female was seen first on 
August 27, 1979, because of recurrent dizzy epi- 
sodes accompanied by fullness, diplacusis and hear- 
ing loss in the right ear. There were no other gener- 
al medical problems of significance. None of the 
medical regimens tried so far had been of benefit in 
controlling her rather obvious problem with endo- 
lymphatic hydrops. She was an intense, hard-work- 
ing individual (both at home and in industry), and 
admitted to poor eating habits over a long period of 
time. 


The evaluation revealed the following: 
1. Physical examination: normal. 


2. Hearing evaluation: 
a. Conventional — right mild sensorineural 
hearing loss (low-tone primarily). 
b. ABR-abnormal right. 


3. Conventional ENG: 
a. Right spontaneous nystagmus. 
b. ABB — right reduced response. 
c. SBB — peripheral right reduced response. 
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4. HA: Phase lag — peripheral abnormality; 
preponderance — right (marked) (Fig. 2). 


5. Radiography: polytomes normal. 


6. Biochemistry: normal except for flat glucose 
tolerance test. 


The serial HAs correlated exactly with the remis- 
sion and exacerbations of the symptoms related by 
the patient, but the hearing evaluations and the 
conventional ENGs from April 27, 1979, through 
July 21, 1980, did not correlate with the reported 
remission and exacerbations of the patient’s symp- 
toms. 


Improvement was gradual but sustained, and 
there is complete agreement of HA tests with pa- 
tient symptoms and progress. 


Patient 2. A 31-year-old male industrial diver suf- 
fered caisson disease (bends) at 59 m (194 ft) on May 
23 and 25, 1978. From that time until he was seen 
on November 8, 1978, he complained of irritability, 
forgetfulness, dizzy episodes, and hearing loss. He 
had been a commercial diver for ten years prior to 
the incident and had had caisson disease on at least 
two prior occasions, once in 1974 and once in Janu- 
ary 1978. Both of these were episodes of bends in- 
volving the limbs. He was otherwise in excellent 


health. 


Evaluation and findings on November 8, 1978, 
were as follows: 
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Fig. 1. HA tests showing A) Nor- 
mal phase lag, B) Peripheral phase 
lag, C) Central phase lag, D) No 
labyrinthine preponderance, E) 
Right labyrinthine preponder- 
ance, and F) Left labyrinthine 
preponderance. 
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1. Physical examination: normal. 


2. Hearing tests: high-tone sensorineural hear- 
ing loss (3,000, 4,000, 6,000 and 8,000 Hz); 
good discrimination bilaterally. 


3. Conventional ENG: 
a. Left spontaneous nystagmus. 
b. Direction-changing positional nystagmus. 
c. ABB — left reduced response. 


d. SBB — normal. 


4. HA: Phase lag — peripheral; preponderance 
— left (Fig. 3). 


5. Radiography: polytomes normal. 
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Fig. 2. (Patient 1) HA test showing peripheral phase lag 
and right labyrinthine preponderance. 
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Fig. 3. (Patient 2) HA test showing peripheral phase lag 
and left labyrinthine preponderance. 


6. Biochemistry: CBC — 7% eosinophilia; flat 
glucose tolerance test, otherwise normal. 


The patient’s HA findings improved gradually to 
complete recovery but he never quit complaining of 
dizziness and lightheadedness. 


Patient 3. A 55-year-old male was first seen on 
May 14, 1979, because of complaints of staggering 
gait, wobbly posture, foggy head and dizziness 
since April 29, 1979. These symptoms followed a 
prostatectomy procedure done on April 25, 1979. 
He received 240 mg gentamicin per day for seven 
days starting April 5, 1979. Other than being a 
heavy smoker and drinker, his health was good. 


Evaluation on May 14, 1979, revealed the follow- 
ing: 


1. Physical examination: positive Romberg, ab- 
normal gait and abnormal cerebellar func- 
tion. 


2. Hearing evaluation: 
a. Conventional — right sensorineural hear- 
ing loss, mild, flat. 
b. ABR — not done. 
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Fig. 4. (Patient 3) HA test showing central phase lag and 
left labyrinthine preponderance. 
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Fig. 5. (Patient 4) HA test showing peripheral phase lag 
ane left labyrinthine preponderance. 


3. Conventional ENG: 
a. Right spontaneous nystagmus. 
b. ABB — right reduced response. 
c. SBB — right preponderance. 


4. HA: Phase lag — central abnormality; pre- 
ponderance — left (Fig. 4). 


5. Radiography: polytomes normal. 
6. Biochemistry: normal. 


Amn HA monitor over a 15-month period con- 
firmed the negative progress for almost the first 
year after gentamicin therapy. The improvement 
which has now begun is confirmed by the correla- 
tion of the patient’s symptoms and the HA tests. 


Pctient 4. A 59-year-old female was first seen on 
July 10, 1979, because of a week-long period of 
weakness, dizziness, vomiting, confusion and epi- 
sodes of falling. She had been hospitalized for treat- 
ment of similar symptomatology on May 19, 1979. 
She had not improved on the previous treatment re- 
gimen (which she probably did not follow as pre- 
scribed). 


Evaluation on July 10, 1979, revealed these signi- 
ficant findings: 


1. Physical examination: obese female in ob- 
vious distress as a result of nausea and dizzi- 
ness; abnormal Romberg, gait and cerebellar 
function. 


2 Hearing evaluation: 
a. Conventional — normal except for bilat- 
eral high-tone loss (8,000 Hz). 
b. ABR — abnormal bilaterally. 


3. Conventional ENG: 
a. Direction-changing positional nystagmus. 
b. ABB — left reduced response. 
c. SBB — left reduced response. 


4. HA: Phase lag — peripheral abnormality; 
preponderance — left (Fig. 5). 


5. Radiography: polytomes normal. 
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6. Biochemistry: elevated sugar (357), 
cholesterol (310), triglyceride (2030), type 
IV phenotype, HDL unreadable. 


The patient improved markedly over the next 90 
days but never did achieve the anticipated improve- 
ment because she followed instructions erra-ically. 
Her HA tests did, however, correlate completely 
with her biochemical surveys.and her erratic >erfor- 
mance. 


CONCLUSION 


These patients have been selected to illustrate the 
value of the harmonic acceleration test as a modali- 
ty for monitoring patient progress. The harmonic 
acceleration test responses occurred as a result of 
the presence or absence of central vestibular com- 
pensation. Harmonic acceleration tests provide an 
objective and accurate monitor for vestibular ab- 
normalities. 
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A comparison was made between the phase of vestibulo-ocular reflex (VOR) responses to sinusoidal rotatory tests and the phase of the 
subjective sensation (SS) to rotation. A parallelism was found between the results of both sets of data such that they behaved in accordance 
with the prediction of the pendulum model of vestibular function. The time constant of the VOR (17.5 seconds) was longer, however, than 
that of the SS (13 seconds). Measurements in patients with unilateral labyrinthine pathology also showed comparable changes in both 
responses. One group of patients with complete unilateral labyrinthine paralysis showed an advance of the phase of the VOR and of the SS. 
However, phase measurements in the group of patients with only partial unilateral labyrinthine paralysis were not significantly different 


statistically from those of normal subjects. 


Stimulation of the semicircular canals produces 
vestibulo-ocular reflexes (VOR) and the subjective 
sensation of rotation, both having similar charac- 
teristics. These responses follow qualitatively the 
predictions of the pendulum model of vestibular 
function." During head movements of relatively 
high frequencies (0.1-0.5 Hz), the sensation of mo- 
tion is in phase with the velocity of the head while 
the VOR response (the nystagmus slow component 
velocity) is compensatory, that is, eye velocity is 
180° out of phase with the velocity of the head. At 
lower frequencies (0.05-0.01 Hz), there is a lead in 
phase angle between the two responses and head ve- 
locity. Recent studies of patients with peripheral 
unilateral labyrinthine paralysis have shown that 
the velocity of the slow component of the induced 
nystagmus demonstrates a permanent and forward 
shift of phase over the velocity of the head in com- 
parison with that of normal subjects.*7 The change 
is most significant at frequencies of rotation be- 
tween 0.025 and 0.05 Hz. Previous experiments 
have not addressed the question of whether changes 
eccur in the phase of the subjective sensation to mo- 
tion. To evaluate this question, angular sinusoidal 
acceleration was used to stimulate the horizontal 
semicircular canals. The characteristics of the VOR 
and of subjective sensations were compared in 
groups of normal subjects and in two groups of pa- 
tients with peripheral labyrinthine lesions. The 
results indicate parallel changes in both reactions 
and suggest the possibility of conducting quantita- 
tive measurements of vestibular subjective sensation 


as an additional measurement for the clinical evalu- 
ation of patients with vestibular disorders. 


PATIENTS AND METHODS 


The data for this study were obtained from 9 normal subjects 
and 19 patients. A caloric examination was administered with 
water temperatures of 44 and 33°C. The patients’ caloric re- 
sponses fell into two groups. Ten patients had unilaterally de- 
creased caloric responses with a maximum slow component eye 
velocity of the nystagmus produced from stimulation of one ear 
that was at least 27% smaller than that produced from stimula- 
tion of the other ear. This group is referred to as “partial” pa- 
tients. A 22% difference in caloric response between each ear is 
the 95% confidence limit of our normal laboratory subject 
population. Nine patients had complete absence of caloric 
response in one ear. This group is referred to as the “total” pa- 
tients. Eight of the latter had previously undergone eighth nerve 
sectioning for acoustic neuromas or Meniere’s disease. Three of 
these patients were in the acute postoperative period, having 
undergone surgery within one to two weeks before the test. One 
of the total patients was tested two times at one and two weeks 
after surgery. 


The normal subjects underwent a series of sinusoidal rotations 
in the dark at a peak velocity of 60°/s and frequencies of 0.0125, 
0.025, 0.05, and 0.2 Hz on an Inland Control Rate Table. The ro- 
tational platform was located inside a totally dark double-walled 
soundproof room. The subjects were asked to activate a switch lo- 
cated on the right armrest to indicate the perception of motion 
toward the right and the left-hand switch when they perceived 
motion toward the left. From a battery source the switch pro- 
duced a constant voltage which was displayed as a step signal on 
the polygraph. The signal polarity depended on the switch that 
was activated; positive for clockwise-perceived motion and nega- 
tive for counterclockwise. 


Analysis of electronystagmographic (ENG) eye movement data 
was conducted with the aid of an LSI-11 minicomputer system. 
Details of the stimulating, recording, and on-line computer 


From the Division of Head and Neck Surgery (Otolaryngology) (Honrubia. Ward), the Department of Neurology (Baloh) and the Department of Oph- 
thalmology (Yee), UCLA School of Medicine, Los Angeles; the Department of Otolaryngology (Jenkins), Baylor College of Medicine, Houston; and the 
Department of Surgery (Konrad), University of Southern Illinois, Springfield. This research was supported by NINCDS grant NS 09823. 

Presented at the meeting of the American Otological Society, Inc., Palm Beach, Florida, May 2-3, 1982. 


REPRINTS — Vicente Honrubia, MD, Division of Head and Neck Surgery, UCLA School of Medicine, Los Angeles, CA 90024. 


494 HONRUBIA ET AL 


80 
0.0125 Hz 


40 


è o 


Ze 


Slow Component Velocity (deg /sec) 
O 





re 
asec [deg 


analysis systems have been previously published." The digitized 
eye position data were differentiated to obtain the instantaneous 
eye velocity. Data associated with the fast component of nystag- 
mus were automatically removed and a Fourier analyses was per- 
formed on the remaining slow-component velocity. 


Figure l shows a sample of the data as displayed or the poly- 
graph obtained during stimulation at three different test fre- 
quencies. Below each record of the monitored ENG aye move- 
ment appears the sinusoidal trajectory of the stimulus velocity 
superimposed on a thicker trace which corresponds to the subjec- 
tive perception record. 


Figure 2 shows examples of computer outputs from programs 
used to evaluate the nystagmus data. The program performs a 
Fourier analysis of the slow-component eye velocity and the out- 
put provides the magnitude of the DC term, the gain -estimated 
as the ratio of the amplitude of the fundamental to tnat of the 
stimulus), the phase of the fundamental component, and the per- 
centage of distortion (estimated as the ratio of the power of the 
first harmonic to that of the fundamental). In the normal subject 
(top) at this frequency (0.05 Hz), the amplitude of the sesponse is 
very close to zero at the beginning, the middle and the end of each 
cycle. The phase angle difference is only 8°, equivalent to an ad- 
vance of 0.4 second. In the patient, however, the response ampli- 
tude zero crossing takes place at a significant advance, 41°, 
equivalent to 2.3 seconds. Further details of methocs used to 
evaluate gain and phase from the VOR have been descr‘bed in an 
earlier publication.’ 


Subjective sensation was evaluated by recording the time at 
which switches were activated to indicate the beginning and the 
ending of rotational sensation. The phase angle of subjective sen- 
sation in relationship to the chair (or head) rotation vas evalu- 
ated. In all cases, the data for the first settling cycle of rotation 
were disregarded. During stimulation with lower frequencies for 
a period of 80 seconds, measurements were made for one cycle on- 
ly. For other frequencies, the second and third cycles of data were 
used. 


RESULTS 


Results of subjective sensation measurements in 
normal subjects are shown in Figure 3. The or- 








Fig. 1. Left — Electronystagmographic 
recordings obtained during stimulation of 
vestibulo-ocular reflex arc with three dif- 
ferent es with velocities of 
60°/s. Un th ENG tracings are rec- 


velocity of slow component vs velocity of 
stimulus for each one of records repro- 
duced on left. 


-40 
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dinate for each insert indicates the velocity of the 
chair whose trajectory is represented by a thin si- 
nusoidal trace. Positive velocity corresponds to 
clockwise and negative velocity to counterclockwise 
motion. Stimulus peak velocity was always kept at 
60°/s for each of the four different frequencies. 
Each circle corresponds to a measurement within a 
cycle and indicates the moment in the table trajec- 
tory when the subject indicated the perception of 
motion. The first column of data corresponds to 
sensation of movement toward the left and the sec- 
ond column to sensation toward the right. There 
are twice as many data points at the higher frequen- 
cies than at 0.0125 Hz. Filled circles indicate the 
beginning and empty circles the end of sensation. 
The abscissa shows the phase angle of the subjective 
sensation in relation to the stimulus. At the time 
subjects felt they were rotating to the left, during 
low frequency rotation, they were actually rotating 
to the right. The filled circle indicating starting 
movement to the left falls on the positive velocity 
trace. At the middle frequency (0.05 Hz), most sub- 
jects felt that they were rotating to the left at ap- 
proximately the time the table started turning coun- 
terclockwise. At higher frequency (0.2 Hz), the sub- 
jective sensation of rotation was delayed relative to 
the chair rotation. The detection of sensation oc- 
curred after a significant delay of the table motion. 
Similar observations can be made during rotation to 
the right (second column). 


In each subject, for every point indicating the 
end of a sensation of motion in one direction (eg, 
the left), there is a point indicating the beginning of 
sensation in the other direction (eg, to the right). 
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The time exactly midway between these values is in- 
dicated in the third column. The midpoints between 
the ending of sensation of turning to the right and 
beginning of sensation of turning to the left are 
shown as empty circles, the ending of sensation to 
the left and beginning to the right as filled circles. 
The midpoint values we interpret to represent the 
time when the sensation of motion should be min- 
imal. (A simple physiological interpretation of this 
measurement, while not precisely correct, could be 
that the midpoint represents the time when am- 
pullae of the horizontal semicircular canals were at 
the resting position on the crista.) Hence, this time 
has been used to estimate the phase angle relation- 
ship between the sensation and the platform mo- 
tion. 


Figure 4 shows the sensation detection phase 
angle at different peak velocities (as indicated on 
the right) for one frequency of stimulus (0.05 Hz) in 
five normal subjects. At 20°/s one subject did not re- 
spond. At 10°/s there was about a 50% failure to 
detect movement. The symbols used to describe the 
experimental results, ie, motion to the left and right 
and midpoint detection, are the same as in Figure 3. 


The average duration of motion sensation for 
each half cycle of rotation for the data of Figures 3 
and 4 is shown in Figures 5 and 6. The shaded rect- 
angles indicate the time during the cycle when the 
subjects felt they were being rotated. The ends of 
the rectangles indicate the mean position of the 
platform (in degrees of angular deviation, abscissa) 
at the time of the switch activation. The variance 
associated with these measurements is represented 
by the lengths of the horizontal bars which indicate 
one standard deviation around the mean values. At 
0.125 Hz the duration of the sensation is a fraction 
of the total movement. However, at high frequen- 
cies (0.2 and 0.05 Hz) the duration of the sensation 





Fig. 2. Graphs illustrating method 
used to evaluate nystagmus re- 
sponses in normal subjects and pa- 
tients. Top — Response of normal 
subject; bottom — patient’s re- 
sponse. 
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is more than 90% of the total rotation cycle. 


During stimulation with 0.05 Hz at different 
peak velocities (Fig. 6), the variability of the data 
increases with the diminution of the stimulus mag- 
nitude. The duration of motion sensation also de- 
creases. Particularly during stimulation with 10°/s 
peak velocity the detection of motion in the clock- 
wise direction lasts only two thirds of the cycle. This 


lower stimulus was subthreshold for approximately 
half of the subjects. 


The phase of the subjective sensation response 
was evaluated as the mean value of the phase angle 
difference of the two clockwise and counterclock- 
wise reactions. This value was compared with VOR 
data obtained from Fourier analysis of the slow- 
component velocity records (Fig. 7). Phase mea- 
surements for different frequencies could be con- 
veniently included in the same graph and are in- 
dicated by different symbols. At the two lowest fre- 
quencies tested for both VOR and subjective sensa- 
tion, the measurements show a lead in relation to 
the head velocity. The variability of data is greater 
for subjective sensation than for VOR measure- 
ments. 


Phase eye velocity data lead the subjective sen- 
sation data (most of the data are below the isovalue 
line). However, if we assume that the measured 
phase of the subjective sensation represents two 
fractions — the actual phase angle and a fixed delay 
due to the reaction time — there is a logical explan- 
ation for the difference between the two sets of 
data. For example, if we assume a reaction time of 
0.5 second, most of the high frequency measure- 
ments (0.2 Hz) will be shifted upward by a signifi- 
cant phase angle correction: 36°. The same reaction 
time, however, has little effect on very low frequen- 
cies of rotation. The correction will change the 
phase of 0.0125 Hz by only 2.25°. The average 
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VOR phase lag at 0.2 Hz is —4 + 2°. The subjec- 
tive sensation is —33 + 20° which, if corrected by 
the presumed reaction time, will be similar to the 
phase of the VOR. At present, however, we do not 
have a procedure that will allow us to derive the 
vestibular reaction time with confidence, and these 
values are uncorrected in the graphs. 


Another comparison of phase angle mean value 
measurements of VOR and subjective sensation is 
made in Figure 8. This is a Bode plot of the response 
amplitude and phase data for the VOR. In the or- 
dinate of the top graph is shown the ratio of the eye 
velocity (°/s) to the head acceleration (°/s*) as a 
function of stimulus frequency (abscissa). The line 
indicates the prediction of the first-order model 
transfer function of the simplified pendulum model 
covering the range of frequencies used in this study 
(T[f] = K/[1+sT] with a gain value [K] of €.5°/s of 
eye velocity for every °/s? of head acceleration and a 
time constant [T] of 17.5 seconds; this value of time 
constant [17.5 seconds] was selected because this 
was the derived value from mean VOR phase mea- 
surements at 0.125 Hz). Phase data (re: accelera- 
tion) for VOR and subjective sensation are shown in 
the bottom graph. The VOR phase data compare 
favorably to the first-order transfer function predic- 
tion. Subjective sensation phase data behave dif- 
ferently from VOR data. At lower frequencies 
(0.0125 Hz) the subjective sensation phase leads 
but, at higher frequencies, lags behind the VOR 
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Fig. 3. Time during the rotation cycle when 
normal subject indicated beginning and end- 
ing of perception of motion to left or right. 
Sinusoidal traces indicate table velocity. Posi- 
tive values correspond to clockwise motion and 
negative values to counterclockwise motion. 
Right-hand column shows phase measurement 
of response, referred to as midpoint between 
ending of sensation of motion to left and begin- 
ning of motion to right (filled circles) and end- 
0.05 ing of sensation of motion to right and begin- 
ning of motion to left (empty circles). 


data. The difference at higher frequencies, how- 
ever, as indicated before, has a more complex signi- 
ficance. 


The results of VOR gain and phase measurements 
in a group of patients, including some from this 
study, have been reported in earlier publications.*” 
Briefly, it was shown that phase measurements are 
a better discriminator of peripheral labyrinthine 
pathology than gain measurements. Among the pa- 
tients, the phase angle at lower frequencies, 0.0125 
and 0.05 Hz, is affected more than that of 0.2 Hz re- 
sponses. Furthermore, the changes are greater in 
patients with complete absence of function than in 
those with partial paralysis. Is it possible that the 
data of subjective sensation can be used as a dis- 
criminator for identification of patients with peri- 
pheral vestibular lesions? To evaluate this possibil- 
ity, measurements of subjective sensation were per- 
formed in patients. Individual measurements are 
displayed in Figure 9. The data have been sepa- 
rated to indicate whether the stimuli produced am- 
pullopetal or ampullofugal flow of endolymph in 
the remaining or healthy semicircular canal organ. 
The displayed data were obtained with 0.0125 and 
0.05 Hz stimuli. Both the total and partial groups of 
patients responded to 0.0125 Hz with a significant 
lead in relation to the platform velocity. During 
rotation with 0.05 Hz, the total patients responded 
earlier than the partial patients. This difference is 
reflected most clearly in the midpoint of phase 
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angle measurements column. In the total patients 
most of the midpoint measurements fall on one side 
of the velocity trajectory. 


In Figure 10, measurements of individual sensa- 
tion (left) and VOR phase (right) are shown for 
each of the two stimulus frequencies (0.0125 and 
0.05 Hz). Data have been separated to show the re- 
sponses of total patients and partial patients. Also, 
comparison can be made between the individual 
patient measurements and the mean and standard 
deviation values for normal subjects. Especially 
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Fig. 5. Summary of results of rotation sensation measure- 
ments in normal subjects at four different frequencies of 
stimulation. Rectangles underneath baseline represent av- 
erage duration of sensation of motion to left and, on top of 
baseline, to right. Bars indicate mean + one standard de- 
viation of measurements at beginning and ending of sensa- 
tion. 
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Fig. 4. Same measurements as those ob- 
tained in Fig. 3 in group of normal sub- 
jects using one frequency of rotation 
(0.05 Hz) Das at three different peak ve- 
locities of stimulation. 
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with the 0.05 Hz stimulus, many total patients have 
significant phase leads. The same measurements of 
subjective sensations in patients show greater lead 
than with VOR measurements. The variability of 
the data on normal subject sensations, however, is 
greater than that of VOR measurements. Never- 
theless, it is evident that not only do patients show 
abnormal VOR production but their perception of 
motion is different from that of normal subjects. 
The difference between the mean values of the sub- 
jective sensation phase measurements in normal 
subjects and those in total patients has a probability 
greater than 0.99 of being statistically significant 
for the two test frequencies of 0.0125 and 0.05 Hz. 
However, the difference between the normal sub- 
jects and the partial patients is not statistically 
significant. 
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Fig. 6. Summary of results of rotation sensation measure- 
ments using one of dpe TEE in Fig. 5 (0.05 Hz) at three 
different magnitudes of stimulation. 
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PHASE SUBJECTIVE SENSATION 





O 2O 40 
PHASE VOR 


Fig. 7. Comparison of phase measurements during subjec- 
tive sensation and vestibulo-ocular reflex (VOR) in zroup 
of normal subjects at four different frequencies of stimula- 
tion. Subjective sensation phase angle is shown in ordinate 
and VOR phase in abscissa. Positive number indicates 
phase lead and negative number phase lag of subjective re- 
sponse in relationship to stimulus velocity. Line through 
scatter plots is locus of equal values for each of measure- 
ments. 


DISCUSSION 


Clinical tests of vestibular function are different 
from those of other sensory systems. Use is made of 
indirect methods such as measurements of VOR re- 
actions instead of direct psychophysical evaluation 
such as in audition or visual system tests. Previous 
study of vestibular subjective sensation has focused 
mainly on threshold measurements or magnitude 
estimation of the rotational movement. Clinical ap- 
plication of measurement techniques based on sub- 
jective sensation and epitomized by cupulometry 
was not as successful as anticipated, and the use of 
vestibular sensation measurements for diagnostic 
purposes fell into disrepute.'™'4 The need for a 
method to evaluate the sensation of dysequilibrium 
suffered by patients or to quantify perception of 
motion as a clinical tool has persisted over the years. 
The motivation for this study arose from recent ob- 
servations, made with the aid of rotatory devices, 
that the phase of the VOR in patients with periph- 
eral labyrinthine deficits was a strong indicator of 
abnormal vestibular function. The use of this mea- 


ETE VELOC + 
HEAD ACC 






=20 
O -40 
< 
3 -60 
S =80 
< 
T e VOR » 
a. -100 © Subjective 

Sensation 





OOS 0102 Hz 


0.005 
0.04 


0.002 


Fig. 8. Summary of gain and phase measurements in nor- 
mal subjects. Bars Mda one standard deviation around 
mean values. Abscissa indicates frequency of stimulus and 
ordinate indicates ratio of eye velocity to head acceleration 
(top) or phase of responses in relation to head acceleration 
(bottom). In the latter, all values are negative, indicating 
lag of reflex reactions to stimuli. 


surement for diagnostic purposes has been facili- 
tated by new developments in quantitative mea- 
surements of VOR using precise stimulation and re- 
sponse evaluation. With such techniques, it has 
been shown that the VOR phase angle in normal 
subjects is the parameter with the least variance of 
all the routinely measured responses to rotatory 
tests. The standard deviation associated with phase 
measurements, in particular, is less than that with 
gain measurements. °° 


The results of this study indicate that the phase 
measurements of subjective sensation parallel the 
phase measurements of VOR in normal subjects and 
in patients, suggesting that the dynamics of the two 
reflexes are very similar. This must be because both 
reflexes use, at least in the initial segment, the same 
anatomical pathways: Scarpa’s ganglion and the 
vestibular nuclei. A significant delay occurs at the 
level of the vestibular nuclei’ but very little change 
must be introduced in the subsequent neural sta- 
tions as the labyrinthine information is processed 
into the final VOR response of subjective sensation. 


If it is accepted that the dynamics of the subjec- 
tive sensation are adequately described by a model 
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similar to that for the VOR (as supported by the 
data in Fig. 7), it is possible to estimate the time 
constant of the transfer function of this system, as 
well as to estimate the threshold for constant ac- 
celeration sensation. For the phase angle measure- 
ments at 0.0125 Hz a time constant is derived of 13 
seconds. This value is greater than that derived by 


S9 


Fig. 10. Comparison of results of phase 
measurements of subjective sensation of 
motion and vestibulo-ocular reflex in nor- 
mal subjects and in two groups of pa- 
tients. Positive values indicate that reflex 
responses are ahead of stimulus velocity, 
and negative values that they lag behind. 
Data for all the normal subjects are in- 
dicated by large empty isthe and ver- 
tical bars, representing one standard de- 
viation around mean value. Data for in- 
dividual patients with total unilateral 
labyrinthine paralysis are represented as 
filled circles and for those with partial 
unilateral labyrinthine paralysis as empty 
circles. 
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Groen and Phil'® but shorter than that derived by 
Rodenburg and Maas.* The differences are likely 
due to procedural causes since different stimuli 
were used in each study. Our results, however, are 
similar to those of Cramer” who used techniques 
similar to those used in this study. 

Since the threshold of subjective sensation of 0.05 
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Hz is Spproximately 10°/s (which produced a 50% 
positive response in the subjects tested), an equal re- 
oe (threshold) would be obtained wizh 0.3- 

0.5°/s* of constant angular acceleration. Th:s value 
compares to those summarized by Clark’® and 
Guedry et al'® from studies using a variety of dif- 
ferent methods. 

The method used to detect phase in these experi- 
ments is rather simple. Perhaps with more sophisti- 
cated techniques than have been used for ccnduct- 
ing psychophysical measurements in the study of 


other sensory modalities, such as a forced choice 
method, the variance could be reduced. Likewise, 
because of the singular characteristics of vestibular 
stimuli, it is possible to design new strategies that 
would be unique to the study of vestibular sensa- 
tion. If this is the case, the probability of obtaining 
significant information about the perception of mo- 
tion in patients with vestibular disorders is highly 
likely. The results of the present studies should en- 
courage further development of tests of subjective 
sensation as clinical tools. 
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of Brief Summary of Prescribing Information on next page.) 
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dispersion while moisturizing the mucosa. 


Steroid in total solution. 


Unlike other agents, theres no need to shake medication before 
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children 6-14 years old.» 
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found to effectively control the symptoms of seasonal and perennial 
rhinitis and was well tolerated. 
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Brief Summary 
Description: Each bottle contains flunisolide in a solution of 
propylene glycol, polyethylene glycol 3350 and purified 
water buffered with citric acid/sodium citrate, with benzal- 
konium chloride added as a preservative, and NaOH and/or 
HCI added to adjust the pH. It contains no fluorocarbons. 
Indications: For relief of the symptoms of seasonal or peren- 
nial rhinitis when effectiveness of or tolerance to conven- 
tional treatment is unsatisfactory. 
Improvement is usually apparent within a few days after 
start ng Nasalide but may take as long as 2 weeks in some 
patients. Although systemic effects are minimal at recom- 
mended doses, Nasalide should not be continued beyond 3 
weeks in the absence of significant symptomatic improvement. 
Nasalide should not be used in the presence of untreated lo- 
calized infection involving nasal mucosa 
Contraindications: Hypersensitivity to any ingredients 
Warnings: Patients transferred from systemic steroid therapy 
to Nasalide should be monitored to avoid acute adrenal in- 
suffiaency in response to stress. Since some patients may 
experience symptoms of withdrawal, attention must be 
giver to patients previously treated for prolonged periods 
with systemic corticosteroids, particularly those with as- 
sociated asthma or other clinical conditions where too rapid 
a decrease in systemic corticosteroids may cause a severe 
exacerbation of symptoms. Nasalide should be used with cau- 
tion n patients on alternate-day prednisone for any disease. 
Precautions: General: Localized Candida albicans infections 
of the nose and pharynx occurred only rarely in clinical 
Studies, but if such an infection presents, treatment with ap- 
propriate local therapy or discontinuation of Nasalide treat- 
ment may be required 
Flunisolide is absorbed into the circulation. Systemic effects 
have been minimal with recommended doses but larger 
doses should be avoided since excessive doses may suppress 
hypothalamic-pituitary-adrenal function. 
Nasa ide should be used with caution in patients with active 
or quiescent tuberculosis infections of the respiratory tract: 
untreated fungal, bacterial, or systemic viral infections: or 
ocular herpes simplex 
In patients who have experienced recent nasal septal ulcers, 
nasal surgery, or trauma, a nasal corticosteroid should be 
used with caution until healing has occurred 

Information for Patients: Nasalide should be used as 
directed at the prescribed dosage. Nasal vasoconstrictors or 
oral antihistamines may be needed until the effects of 
Nasalide are fully manifested. The patient should follow the 
Patient Instructions carefully and should contact a physician if 
sympzoms do not improve, if the condition worsens. or if 
sneezing or nasal irritation occurs 

Carcinogenesis: While no evidence of carcinogenicity 
was found in a 22-month study in Swiss-derived mice, there 
was a slight increase in the incidence of pulmonary adeno- 
mas which was well within the range of spontaneous adeno- 
mas previously reported for untreated Swiss-derived mice 

impairment of Fertility: Female rats receiving high 
doses of flunisolide (200 mcg/kg/day) showed some evi- 
dence of impaired fertility. Reproductive performance in 
low and mid dose groups was comparable to controls 

Pregnancy: Pregnancy Category C. The drug has been 
shown to be teratogenic and fetotoxic in rabbits and rats. 
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Nasal de was not established 
Systemic corticosteroid side effects were not reported dur- 
ing the controlled clinical trials. If recommended doses are 
exceeded, or if individuals are particularly sensitive, 
symptoms of hypercorticism could occur. 
Dosage and Administration: Full therapeutic benefit re- 
quires regular use and is usually evident within a few days, 
but up to 3 weeks may be required for some patients to 
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Two hundred and four patients with audiometric and vestibular findings suggestive of a retrocochlear lesion were studied prospec- 
tively by computed tomographic scan with air contrast of the internal auditory canal. With this technique tumor limits are clearly defined. 
In the absence of disease the internal auditory canal has been completely air-filled in over 97 % of cases. Soft tissue masses occluding the in- 
ternal auditory canal were demonstrated in 11 patients. Four studies were inconclusive and there was one false positive. Headaches have 
been the only side effect and there have been no complications. In reporting their results the authors examine the indications, accuracy and 
limitations of this technique. This study demonstrates that computed tomographic scan with air contrast of the internal auditory canal 
should be considered as the radiologic procedure of choice for the evaluation of small acoustic tumors. 


INTRODUCTION 


Computed tomographic (CT) scanning has 
become a standard radiologic procedure in the 
evaluation of suspected retrocochlear tumors. Since 
1979, CT scan with air contrast of the internal audi- 
tory canal (air cisternography) has been used to 
evaluate smaller tumors which are not consistently 
diagnosed on intravenous contrast-enhanced CT 
scans.' A preliminary study of 26 patients demon- 
strated the usefulness of this technique and a subse- 
quent prospective study of an additional 178 cases 
forms the basis of this report.’ 


The purposes of this paper are to 1) present the 
results of CT air cisternography in 204 consecutive 
cases, 2) review the limitations of the various radiol- 
ogic procedures currently used in the diagnosis of 
acoustic tumors, and 3) offer a protocol for the ra- 
diologic evaluation of the patient suspected of hav- 
ing an acoustic tumor. 


METHODS 


From January 1980 to March 1982 CT air cisternography was 
performed on 204 consecutive patients with suspected cerebello- 
pontine angle (CPA) tumors. All studies were performed at The 
University of Texas Health Science Center at Dallas Affiliated 
Hospitals and Wilford Hall, USAF Medical Center, San Antonio, 
Texas. Patients were selected for this study on the basis of clinical 
history and audiometric or vestibular test results suggestive of a 
unilateral CPA tumor. All patients had a normal thin-section pos- 
terior fossa intravenous contrast-enhanced CT scan prior to the 
air-contrast study. 


The technical aspects of patient positioning and CT beam an- 
gulation have been previously discussed.’ Reference will be made 
only to specific techniques emploved in the current investigation. 


Following normal (negative) intravenous contrast-enhanced CT 
scanning, lumbar puncture is performed and 3-5 ml of air are in- 
jected into the subarachnoid space. With the sagittal plane of the 
head remaining horizontal, the patient is brought to a near sitting 
position. This allows the air to flow to the appropriate (tumor sus- 
pect) CPA and internal auditory canal (IAC). After several min- 
utes the patient is returned to the lateral decubitus position and 
the IAC is rescanned. The patient then rolls prone through 180° 
allowing air to enter the contralateral IAC which is also 
evaluated. The spinal needle may be left in position and the head 
rescanned to confirm entry of air into the CPA prior to removal of 
the needle, or the needle may be withdrawn prior to positioning 
the patient for rescan. 


RESULTS 


Two hundred and four patients (126 males and 
78 females) ranging from 16-73 years of age were 
studied. Patients with the following symptoms and 
audiometric or vestibular test results were evalu- 
ated radiographically for a retrocochlear tumor: 1) 
unilateral or asymmetric sensorineural hearing loss, 
2) audiometric test results suggestive of a retrococh- 
lear hearing loss, 3) sudden sensorineural hearing 
loss, 4) unilateral tinnitus and 5) any unexplained 
dizziness, unsteadiness or sense of spatial disorienta- 
tion in conjunction with a unilateral weakness on 
bithermal caloric electronystagmography. A total 
of 92% of the patients had either plain film radio- 
graphs or tomograms of the IACs prior to CT air 
cisternography (Table 1). 


Only patients with a normal intravenous con- 
trast-enhanced CT scan underwent evaluation with 
air contrast. The CPA and entire length of the IAC 
of the tumor suspect’s side filled with air in 188 of 
204 patients (Fig. 1). Partial air-fill of the IAC oc- 
curred in less than 3% of the cases. In these five pa- 
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TABLE 1. RADIOGRAPHY OF INTERNAL 
AUDITORY CANALS 








No. of Cases 

Plain film radiographs 177 (37%) 

Tomography 10 ( 5%) 

None 17 ( 8%) 
Total 204 


tients air filled only the medial 3-6 mm of the IAC, 
preventing adequate visualization of the entire 
length of the canal. One patient underwent small 
dose Pantopaque posterior fossa myelography 
which demonstrated a normal IAC. This was the 
one false positive case in this study. Another patient 
had a repeat CT air cisternogram which was equiv- 
ocal for a small laterally situated tumor (Fig. 2). A 
middle cranial fossa vestibular nerve section was 
performed on this patient because of incapacitating 
unsteadiness and a 45% reduced vestibular response 
on electronystagmography in the tumor suspect ear. 
No tumor was found and the normal preoverative 
hearing was maintained postoperatively. Within 
two months the patient was symptom-free. The re- 
maining three patients will have repeat CT air cis- 
ternography in the near future. 


In ll patients the IAC did not fill with air 
because of obstruction by a soft tissue mass (Fig. 3) 
All patients underwent translabyrinthine -emoval 
of the tumors because of nonfunctional hearing in 
the tumor ear. There were 9 acoustic neuromas, 1 
hemangioma, and 1 calcified benign epithelial cyst. 
The largest tumor extended 1.5 cm into the CPA 
and the smallest was flush with the porus acousticus 
(Table 2). 


The only side effect from CT air cisternography 
has been headaches. The majority of patients exper- 
ience a mild postauricular stabbing or throbbing 
sensation when the air enters the CPA; however, 
this usually lasts less than 1-3 hours. Fewer than 
20% of patients experience headaches lasting more 
than 6-8 hours postprocedure. Approximately 5% 
of patients had headaches longer than 24 hcurs and 
only five patients had headaches longer than 48 
hours. Early in the study two patients suffered typi- 
cal spinal headaches lasting up to seven days. One 
patient refused the blood patch procedure for clo- 
sure of the cerebrospinal fluid leak and tke other 
patient’s attending physician did not advise her to 
have the blood patch procedure. Subsequently three 
patients have undergone the epidural blood patch 
procedure which is recommended at 48 hours for 
persistent headache. One patient experienced se- 
vere cervical muscle spasm for a period of eight days 
following CT air cisternography. The resson for 
this is not known. Depending upon the institution 
in which the x-ray study was performed, the patient 
was either directly admitted following the CT air 
cisternogram and remained flat at bed rest until dis- 
charge the following morning or stayed fla- in bed 
in the otolaryngology clinic for 6-8 hours end was 





Fig. 1. Normal (negative) CT air cisternogram. Air com- 
pletely fills the entire right IAC (arrow). 


admitted overnight only if the headache persisted 
during that observation period. When a 22-gauge 
or smaller spinal needle was used and no more than 
3-5 mL of air was injected, less than 20% of the pa- 
tients required overnight hospitalization for analge- 
sic control of headache pain. 


DISCUSSION 


Acoustic tumor surgery has evolved dramatically 
since the introduction of the translabyrinthine and 
middle cranial fossa acoustic tumor procedures. At 
the present time operative mortality and morbidity 
are directly related to the size of the tumor. With 
small acoustic tumors operative mortality is uncom- 
mon and facial paralysis occurs less frequently than 
with removal of medium and larger tumors. If 
functional hearing exists in an ear in which the 
acoustic neuroma is confined to the IAC, preserva- 
tion of hearing is possible through the middle cra- 
nial fossa approach. These facts make it imperative 
that earlier diagnosis of small tumors be attempted 
in any patient with signs and symptoms suggestive 
of a retrocochlear tumor. 


Unilateral tinnitus is felt to be the initial symp- 
tom in 11% of acoustic tumor patients, and is pres- 
ent in 80% at the time of diagnosis. Virtually all pa- 
tients will have a unilateral sensorineural hearing 





Fig. 2. Equivocal CT air cisternogram. At surgery (middle 
cranial fossa vestibular nerve section) the IAC was normal 
(arrows point to questionable laterally situated convex soft 
tissue mass). 
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Fig. 3. CT air cisternogram. A) Right acoustic neuroma (arrow) 
arrow) outlined. C) Benign epithelial cyst (2 mm, arrow). Audiometric evaluation revealed a left 52% speech discrimination score 
and 60 dB pure tone average, and on ENG the patient had a 100% left unilateral weakness. Note the enlarged left IAC. 


loss at the time of diagnosis with almost 1% of sud- 
den sensorineural hearing loss due to acoustic tu- 
mors. Vestibular dysfunction including any type 
of spatial disorientation is the presenting symptom 
in 11%, but is present in almost 70% of cases at the 
time of diagnosis.’ It is these patients who are 
suspicious for having acoustic tumors and who were 
prospectively evaluated in this study. 


Radiologic Evaluation. A number of radiograph- 
ic procedures are available for evaluating the [ACs 
and CPAs. These include plain film radiography, 
tomography, posterior fossa myelography, CT scan, 
and CT scan with contrast agents. The morbidity of 
the noninvasive procedures is limited to radiation 
exposure of vital structures in the head and neck re- 
gion. Corneal radiation exposure with the potential 
for later cataract formation is a concern whenever 
x-ray films of the IACs are obtained. Although the 
cataractogenic dose in humans is not known, every 


TABLE 2. POSITIVE CT AIR CISTERNOGRAMS 


CT Measure- 
ment of Tumor 


Case Size (mm) Histopathology Radiography 


l 5 Acoustic neuroma T Positive 
2 15 Acoustic neuroma PF Equivocal 
T Positive 
3 15 Acoustic neuroma T Positive 
+ At porus Acoustic neuroma T Negative 
acousticus 
D 4 Hemangioma PF Positive 
T Negative 
6 12 Acoustic neuroma PF Positive 
7 2 Benign epithelial cyst Not done 
8 5 Acoustic neuroma PF Positive 
5 Acoustic neuroma PF Positive 
10 12 Acoustic neuroma PF Positive 
l1 10 Acoustic neuroma PF Positive 





90% Positive 
PF - Plain film; T - Tomography. 


_ 1.5 cm diameter, clearly outlined by air. B) Hemangioma (4 mm, 


effort should be made to obtain only those x-ray 
films of the IACs which are essential for the diag- 
nosis of the acoustic tumor. 


Morbidity of the invasive procedures includes lo- 
cal and central nervous system complications from 
Pantopaque, metrizamide, or gas installation into 
the subarachnoid space, in addition to corneal radi- 
ation exposure. Complications from Pantopaque 
are uncommon, but may be serious, resulting in 
pulmonary embolism, lipoid granulomatous pseu- 
dotumor, hydrocephalus, death from meningitis, 
and cranial nerve palsies from severe meningeal ir- 
ritation.™ ° The only serious metrizamide compli- 
cation is the rare epileptic seizure which has been 
reported in only 17 cases out of more than 40,000 
examinations. '' Transient side effects from metriza- 
mide include paresthesias, nausea, vomiting, and 
neck stiffness, among others. Recent animal studies 
have raised the question of metrizamide causing 
chronic arachnoiditis, but this has not been found 
on re-examination of patients having had metriza- 
mide myelography.'*''* The only side effect from air 
cisternography has been a headache which in the 
majority of patients lasted no more than several 
hours. One patient experienced severe cervical mus- 
cle spasm for eight days; however, this cannot easily 
be attributed to the subarachnoid installation of 
air. 

Plain Film Radiographs, Tomograms, or Nei- 
ther? Historically the initial radiographic procedure 
for evaluating an individual with audiometric or 
vestibular findings suggestive of a retrocochlear le- 
sion has been either plain film radiographs or tomo- 
grams of the IACs. It is documented that for acous- 
tic tumors these two procedures have about the 
same diagnostic potential (Table 3).'* *' Of concern 
is the reported 10-25% incidence of normal x-ray 
films in surgically verified acoustic tumors. If 
audiometric studies suggest a retrocochlear site of 
hearing loss or vestibular evaluation indicates a 
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TABLE 3. ACCURACY OF PLAIN FILM RADIOGRAPHS 
AND TOMOGRAMS IN ACOUSTIC.NEUROMA DIAGNOSIS 


% with Asym / 
Abnormality of IA 3 


omo- 
Study No. of Plain Films grams 


Author Year Cases % % 





Ebenius’* 1934 34 80 —- 
Hodes et al'® 1951 134 90 — 
Crabtree and House's 1964 54 85 — 
Reidy et al” 1975 156 75 — 
Dubois et al'* 1976 31 87 — 
Crabtree and 

Gardner!’ 1979 500 90 — 
Valvassori” 1969 78 — 78 
Osborn?! 1975 56 78.5 84 

Average 75-90 æ 75-85 


peripheral unilateral weakness, the possibility of an 
acoustic tumor cannot be excluded by negative 
(normal) plain film radiographs or tomog-ams of 
the [ACs (10-25% false negative rate). In this situa- 
tion CT air cisternography is obtained to definitely 
exclude the presence of, or define the limits of, a 
tumor. On the other hand if plain film radiographs 
or tomograms are positive (erosion or flaring of the 
IAC), tumor size must be determined to plan the 
operative approach (middle cranial fossa, transla- 
byrinthine or suboccipital) and adequately counsel 
the patient regarding the morbidity and mortality 
of the planned procedure. 


In the current study, patients who were suspected 
of having retrocochlear lesions by clinical history 
and audiometric or vestibular criteria underwent a 
CT scan regardless of the results of plain film radio- 
graphs or tomographs of the JACs. When the intra- 
venous contrast-enhanced CT scan was positive for 


a CPA tumor, no further studies were required. If 
the CT scan was negative, as it is in 15-30% of all 
acoustic neuromas, the next step was CT air cistern- 
ography.??-?5 

Pantopaque, Metrizamide or Air. Pantopaque, 


metrizamide, and gas cisternography have all been 


used as contrast agents in the posterior fossa. The 
morbidity of Pantopaque has been discussed. Ano- 
ther distinct disadvantage of Pantopaque is that re- 
sidual Pantopaque in the middle or posterior cranial 
fossa interferes with future CT scans which may be 
desired to evaluate tumor growth in patients who 
undergo a subtotal removal or to evaluate patients 
for hydrocephalus postoperatively. The rare serious 
morbidity of metrizamide, and the fact that the CT 
density of bone and metrizamide is so close that 
clear definition of small tumors is more difficult 
than with air contrast, has precluded its general ac- 
ceptance as a contrast agent for the evaluation of 
the IAC. Air is an ideal contrast agent. It provides 
sufficient contrast and is stable at the pH of cere- 
brospinal fluid. It is nontoxic, nonsensitizing, re- 
sorbed and eliminated in a relatively short period of 
time and does not interfere with future radiological 
procedures. ‘° 


Protocol. In patients with a clinical history and 
audiometric or vestibular test results suggestive of a 
retrocochlear tumor, plain film radiographs and to- 
mograms are no longer routinely performed. An in- 
travenous contrast-enhanced CT scan is the initial 
radiologic procedure. CT air cisternography fol- 
lows immediately if this is normal. In the absence of 
a retrocochlear tumor mass the IAC completely fills 
with air in over 97% of cases. In the presence of a 
tumor the limits of the soft tissue mass are clearly 
outlined by the air-contrast CT scan. 
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Permanent or transient reduction of blood flow to the end-organs and to the hindbrain is the single major cause of vestibular disorders 
and a common cause of sensorineural hearing loss. New imaging modalities have become available which allow the recognition of focal 
areas of hindbrain ischemia in the prestroke stage. The correlation between focal ischemic pathology and clinical findings opens a new ap- 
proach to the mapping of central pathology. In addition a detailed knowledge of the vascular anatomy of the hindbrain is indispensible for 
the development of new microvascular surgical techniques aimed at the restoration of sufficient blood supply. 


Permanent or transient reduction of blood flow to 
the end-organs and to the hindbrain is the single 
major cause of vestibular disorders and a common 
cause of sensorineural hearing loss. According to 
our statistics, vascular insufficiency is the etiopath- 
ogenic factor responsible for over 80% of central 
vestibular disturbances and for 20% of all sensori- 
neural losses. 


It is amazing that concentrated diagnostic and 
therapeutic efforts have been made to resolve far 
less common conditions; it is distressing that so little 
has been accomplished for the diagnosis and ther- 
apy of such a common problem as vascular insuffi- 
ciency. 


It is the purpose of this presentation to 1) review 
the vascular anatomy of the hindbrain with partic- 
ular emphasis on the vascular supply of the territor- 
ies containing the vestibular, auditory nuclei and 
their central pathways; 2) correlate anatomical pa- 
thology to physiologic changes; 3) emphasize new 
imaging modalities for the diagnosis of hindbrain 
ischemia; and 4) stimulate the otolaryngologist to 
become actively involved in the treatment of vas- 
cular pathology. 


VASCULAR ANATOMY 


The hindbrain is supplied by arteries arising from 
the vertebrobasilar system. The vertebral arteries 
enter the cranial cavity through the foramen mag- 
num, course first laterally and then anteriorly to the 
medulla and join at the pontomedullary junction to 
form the basilar artery. 


Branches of the vertebral arteries are 1) median 
perforating arteries penetrating the substance of the 
medulla oblongata and short circumferential 
branches. One of these branches, the artery of Foix 
and Hillemand, supplies the lateral aspect of the 
junction between the medulla and the pons and 


provides some blood supply to the vestibular nuclei 
(Fig. 1). 2) Posterior inferior cerebellar arteries sup- 
ply the posteroinferior aspect of the cerebellum, 
tonsils, part of the inferior cerebellar peduncle and 
the lateral portion of the medulla including the 
nuclei from the 9th through the 12th cranial nerves. 


The branches of the basilar artery are 1) median 
and circumferential pontine arteries which supply 
the pons, inferoposterior portion of the midbrain 
and ventrolateral aspect of the cerebellar cortex; 2) 
internal auditory or labyrinthine arteries which 
may arise either directly from the basilar artery or 
as a branch of the anterior inferior cerebellar ar- 
tery; 3) anterior inferior cerebellar arteries which 
supply the anteroinferior aspect of the cerebellum, 
the middle cerebellar peduncles, the lateral part of 
the pons and adjacent portion of the medulla oblon- 
gata including the nuclei of the eighth cranial nerve 
(Fig. 1); 4) superior cerebellar arteries which supply 
the anterolateral portion of the superior half of the 
cerebellum, the superior cerebellar peduncles and 
the posterior portion of the midbrain; and 5) the 
posterior cerebral arteries which have predomi- 
nantly a supratentorial distribution to the temporal 
and occipital lobes but also contributes to the blood 
supply of the upper portion of the midbrain. 


Auditory Pathway. The cochlear nuclei, superior 
olivary, trapezoid body and lateral lemniscus nu- 
clei’ are supplied by branches of the anterior infer- 
ior cerebellar artery and circumferential branches 
of the vertebral artery. The inferior colliculus nuclei 
and its brachium receive blood from branches of the 
superior cerebellar artery. Finally the medial geni- 
culate body receives branches from the posterior 
cerebral artery (Fig. 2). 


Vestibular Pathway. The vestibular nuclei are 
supplied by branches of the vertebral and anterior 
inferior cerebellar arteries except for the inferior 
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Vestibular nuclei 


Inf. + lat. 


Spinal V tract + nucleus 







Dorsal | Cochlear 
nuclei 


Med. lemniscus 


Pyramid Inf. olive 


Fig. 1. Vascular supply of medulla oblongata at level of 
eighth cranial nerve. Light central area — Median perfor- 
ating branches of sereia artery; Grey middle area — 
Short circumferential branches of vertebral artery; Dark 
lateral area — Anterior inferior cerebellar artery. 


spinal nucleus and the descending fibers which re- 
ceive their blood supply also from the posterior in- 
ferior cerebellar artery. Branches of this artery sup- 
ply the inferior cerebellar peduncle which contains 
fibers connecting the vestibular system to the cere- 
bellum. Ascending fibers in the medial longitudinal 
fasciculus to the nuclei of the third, fourth and sixth 
cranial nerves are supplied by branches of the su- 
perior cerebellar artery and median pontine arter- 
jes. 


CLINICAL CORRELATION 


Variations in distribution of the cerebellar 
arteries and extensive anastomosis between their 
branches make it difficult to always correlate clin- 
ical symptoms to specific sites of vascular involve- 
ment. 


It should also be emphasized that a decreased 
pressure in the carotid system due to stenosis or ob- 
struction may cause a reversal of blood flow in the 
posterior communicating arteries with consequent 
stealing from the vertebrobasilar system. This will 
cause a reduction of blood flow in the hindbrain 
and hence symptoms of vascular insufficiency. Sim- 
ilar findings may also be present in patients with 
cardiac disorders and decreased output. The higher 
resistance in the vertebral arteries in comparison to 
the carotid, causes a disproportionate decrease of 
blood supply to the hindbrain. 


In our series of 200 patients with vertebrobasilar 
insufficiency, the most common finding was dizzi- 
ness which was present in almost 90% of the cases. 
Visual disturbances were observed in 45% , ataxia 
in 33% , spontaneous nystagmus in 27 % and sensor- 
ineural hearing loss in 22% of the cases. Other less 
common findings were generalized or localized par- 
esthesia, limb-weakness, tinnitus, Horner’s syn- 
drome and palsy of one or more cranial nerves. 


As far as the auditory system, it should be pointed 
out that unilateral occlusion of the anterior inferior 
cerebellar artery or of the branches supplying the 
cochlear nuclei will produce ipsilateral total nerve 
deafness and slight impairment of the hearing of the 
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Fig. 2. Vascular supply of auditory pathway. Cochlear 
nuclei — Anterior inferior cerebellar artery; Superior 
olivary and trapezoid nuclei — Median and short circum- 
ferential branches of vertebral artery; Inferior colliculus — 
Superior cerebellar artery; Medial geniculate body — Pos- 
terior cerebral artery. 


opposite side. Unilateral occlusion of the vessels 
supplying the other nuclei of the auditory pathway, 
which are located after the decussation, will pro- 
duce contralateral, severe, but not total, nerve 
deafness and mild ipsilateral hearing impairment. 


The vestibular system is by far more sensitive to 
vascular insufficiency than to auditory because of 
the extensive distribution and connections of its 
fibers in the brainstem and cerebellum. 


Unilateral occlusion of the posterior inferior cere- 
bellar artery will produce a classic Wallenberg’s 
syndrome characterized by ipsilateral paralysis of 
the tongue, pharynx, larynx, ipsilateral loss of taste 
in the posterior third of the tongue, and loss of pain 
and sensation of feeling in the face, ipsilateral 
Horner’s syndrome, asynergia and ataxia. Occlu- 
sion of the anterior inferior cerebellar artery or of 
its branches to the vestibular nuclei appears to cause 
partial ipsilateral vestibular paralysis. Incomplete 
or partial occlusion of the pontine arteries supply- 
ing the medial longitudinal fasciculus and of the 
superior cerebellar artery will cause findings which 
vary upon the site and extent of the injury. 


IMAGING MODALITIES 


Vertebral arteriography has been used in the past 
as the principal modality for the diagnosis of verte- 
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Fig. 3. Occlusion of left posterior inferior cerebellar artery 
with infarct. CT study reveals large area of decreased ab- 
sorption in inferior aspect of cerebellum on left (arrows). 


brobasilar insufficiency. There is, however, a justi- 
fied reluctance to subject unselected patients to this 
invasive and risky procedure. More importently, 
one should be aware that angiography may dem- 
onstrate signs of vascular pathology but no- the 
presence of vascular insufficiency which is responsi- 
ble for the patient’s symptoms. Narrowing o- ob- 
struction of a vessel does not necessarily indicate 
cerebrovascular insufficiency since sufficient Hood 
supply may be provided by collateral circulation. In 
addition arteriography does not demonstrate small 
vessels and parenchymal pathology. 


Conventional CT studies performed before and 
after intravenous infusion of contrast materia al- 
low the study of the brain substance and the re-og- 
nition of changes produced by vascular insuffi- 
ciency such as infarcts, atrophy and encephalo- 
malacia. The postinfusion examination may d2m- 
onstrate the presence of luxury perfusion around the 
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Fig. 4. Small infract (arrow) in left midcerebellum. 





Fig. 5. Infratentorial dynamic study revealing focal area of 
abnormal circulation (peak time-22 s) in region of right 
vestibular nuclei (closed box 1). In other areas peak time is 
normal (16 s). 


infarcted areas. The site of the brain damage can be 
correlated with a specific vascular territory and the 
size of the insult to the size of the involved vessel 
(Figs. 3 and 4). 


A normal CT study does not, however, rule out 
the presence of vascular insufficiency which has not 
yet caused irreversible damage. This group of pre- 
stroke patients deserves particular attention because 
the early recognition of the territory of decreased 
blood flow, and if possible the surgical restoration 
of sufficient blood supply, can reverse the clinical 
course before permanent damage occurs. 
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Fig. 6. Dynamic study demonstrating abnormal blood 
flow in right paraventricular region and midcerebellum 
(closed boxes 1 and 2). Conventional CT study was nor- 
mal 
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A new test is now available which allows the rec- 
ognition of vascular insufficiency in the prestroke 
stage. The technique of dynamic CT has been de- 
scribed in previous reports.” Although this tech- 
nique at present does not provide direct measure- 
ment of flow, the information obtained from CT 
dynamic images and CT numbers versus time 
curves provides several parameters which are 
directly related to blood flow and hence are a useful 
clinical index of brain circulation. Measurements 
are obtained in multiple areas of the hindbrain as 
small as 1 cc; therefore, specific territories of insuf- 
ficient blood supply can be recognized (Figs. 5 and 
6). 


In our series of 200 patients referred with clinical 
diagnosis of vertebrobasilar insufficiency, we found 
that both conventional CT and dynamic studies 
were abnormal in 115 patients. In 49 patients or al- 
most 25% of the cases, the conventional CT exam- 
ination did not reveal parenchymal changes but the 
dynamic study demonstrated abnormal circulation 
patterns in the hindbrain. 


Only after vertebrobasilar insufficiency is posi- 
tively diagnosed by CT dynamic study should verte- 
bral arteriography be performed in those selected 
cases where surgery is contemplated.’ The arterio- 
gram will demonstrate the site of vascular pathol- 
ogy and help the surgeon in planning the type of 
vascular bypass which could relieve the problem. 


It should also be emphasized that the dynamic 
study should be repeated following surgery since 
this examination is the only available test which 
provides objective demonstration of any blood flow 
change in the ischemic areas. 


A more precise and direct measurement of blood 
flow will hopefully be obtained in the near future 
by nuclear magnetic resonance (NMR). This tech- 
nique allows the qualitative analysis of biologic 
structures or tissue samples. Proton determinations 
by NMR imaging can be used to evaluate pathologi- 
cal conditions related to water and blood content, 
distribution and movement.’ 


CONCLUSION 


Since vestibular disturbances are usually the first 
sign of vertebrobasilar insufficiency, the otolaryn- 
gologist has a primary role and responsibility in the 
diagnosis and treatment of this common condition. 
He should become aware of the new sophisticated 
diagnostic tests now available for the recognition of 
hindbrain ischemia. In addition the unique exper- 
tise of the otolaryngologist in microsurgery provides 
him with the necessary knowledge and skill to ex- 
tend into the field of microvascular surgery. It is a 
new challenge to your specialty, but a challenge 
which promises great rewards and the gratitude of a 
multitude of patients affected by this disabling, 
progressive, and often fatal condition. 
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The reliability of central vestibular signs such as decruitment in signifying retrolabyrinthine lesions has been well established. This 
study was initiated to determine if this and other central vestibular signs, individually or collectively, indicate involvement of specific 
anatomic structures in the posterior fossa. Forty-six patients with morphologic lesions defined by computerized tomography (CT), 
pneumo-CT or autopsy were studied. Oculomotor signs showed a statistically significant correlation with lesions of the archicerebellum. 


The other central vestibular signs did not show any co-relations. 


INTRODUCTION 


When evaluating patients with complaints of dis- 
equilibrium and vertigo with or without hearing 
loss, our objectives are as follows: 

1. To determine if there is an abnormality of the 
vestibular system responsible for the symptoms; 

2. If so, to determine whether the lesion affects 
the labyrinth (peripheral lesion) or is central in 
origin (intracranial including the contents of the in- 
ternal auditory canal); 

3. If central, to determine the possible subtentor- 
ial location of the lesion; and finally, 

4. To consider the pathologic nature of the ab- 
normality. 


A review of the patient’s history of complaints is, 
in most instances, helpful in determining whether 
the vestibular system is affected or not. Differentia- 
tion of the site of the lesion, whether peripheral or 
central, can also be determined. This implies the 
application of a sensitive modality of recording eye 
movements and a neurotologic test protoco! which 
is not exhausting for the patient and which provides 
accurate, reproducible and meaningful test results. 
Such a differentiation has been reported to be reli- 
able and accurate’? using the photoelectric princi- 
ple* for oculography and a protocol of 1) calibra- 
tion, 2) search for spontaneous nystagmus, 3) eye 
tracking, 4) optokinetic test, 5) Torok monothermal 
differential caloric test, 6) postural test-ng, 7) 
Wodak* past-pointing test, and 8) Rombezg test. 
The predictive value of central vestibular signs in 
localizing subtentorial lesions, however, has not 
been studied in a substantive manner. The site of a 
lesion has been correlated with one or more central 
vestibular signs in several studies,*’ but the validity 
of the sign with a variety of lesions at the same loca- 
tion has not been confirmed. 


With the availability of computerized axial to- 
mography (CT) and CT dynamic flow studies (CT- 
rBBC), not only can very small lesions be identified 
but also their anatomic location can be accurately 
established. Because of this advantage, we assumed 
that the anatomic specificity of certain central ves- 
tibular signs could be substantiated. For example, a 
calibration overshoot® is believed to indicate a 
cerebellar lesion, while a downbeating spontaneous 
nystagmus is considered to indicate an involvement 
in the caudal brainstem. If central vestibular signs 
indicate a lesion in a specific area of the brain, then 
this will guide radiologists to investigate the corres- 
ponding area of the brain more intensively and help 
us understand basic pathophysiologic mechanisms 
of the vestibular system. This study was undertaken 
to investigate possible correlations between central 
vestibular signs and involvement of specific ana- 
tomic structures in the infratentorial region. 


METHODS 


In this study only those patients were selected in whom an iden- 
tified morphologic lesion involving the subtentortal structures was 
detected either by a CT scan, pneumo-CT or autopsy. Forty-six 
patients were selected for this study. The extent of the lesion was 
determined at autopsy in only two patients. In the rest, the in- 
volvement and size of various neurologic abnormalities were ob- 
tained by CT scan or pneumo-CT. The latter contributed in the 
diagnosis of internal auditory canal lesions in six patients. Cuts 
(1.5 mm thick) for the CT scan were made in the axial plane, 
through the whole extent of the posterior fossa. In one patient cor- 
onal sections were also obtained. With a knowledge and under- 
standing of the normal CT anatomy, the extent of a lesion could 
be mapped. Because the thickness of the sections was only 1.5 
mm, the cephalocaudal dimension of a lesion could be mapped 
fairly accurately. Similarly the ventral-dorsal and lateral exten- 
sions of the lesion could be established. The neurologic structures 
involved by a particular lesion could thus be determined. Instead 
of including each subdivision of the cerebellum in the list of 
anatomic structures involved, the cerebellum was divided on an 
embryologic basis into the archicerebellum (vermis, flocculus, 
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nodule) and cerebellar hemispheres. The brainstem was divided 
into medulla, pons, and mesencephalon. The eighth nerve was 
categorized as a separate entity. The extent of each lesion was 
mapped on the basis of these six anatomic locations. 


All 46 patients showed one or more central vestibular signs in 
their neurotologic examination. Table 1 summarizes the vesti- 
bular signs which indicate a posterior fossa lesion. Since oculog- 
raphic calibration, sinusoidal eye tracking, and optokinetic re- 
sponses all reflect oculomotor function, they were grouped as one. 
Spontaneous nystagmus, caloric abnormalities and postural signs 
are shown individually. In all, four signs and six anatomic loca- 
tions were identified. 


Data from 46 patients were classified according to absence 
(denoted by 0) or presence (denoted by 1) of four vestibular signs 
and corresponding lesions in six distinct anatomic locations. Our 
aim was to test associations between sign and location. The data 
were analyzed on an Amdahl V8 computer. 


RESULTS 


Grouping the central vestibular signs as de- 
scribed. their frequency of occurrence was as fol- 
lows: spontaneous nystagmus, 36 times; caloric ab- 
normalities, 26; oculomotor abnormalities, 15; and 
postural signs, 13. The frequency of involvement of 
the various anatomic sites was archicerebellum, 30; 
cerebellar hemispheres, 21; medulla, 18; pons, 21; 
nerve VIII, 17; and mesencephalon, 2. The varie- 
ties of pathologic lesions and their frequencies are 
shown in the figure. In the tumor category there 
were 10 acoustic neurinomas, 4 cerebellopontine 
angle meningiomas, 2 patients with von Hippel- 
Lindau disease, 2 astrocytomas, 1 hemangioblas- 
toma, l glomus tumor, l metastatic tumor, and 1 
lipoma. 


Statistical evaluation indicted that individual 
neurotologic signs were not associated with any spe- 
cific anatomic location of disease except oculomotor 
signs. These correlated with lesions in the archicere- 
bellum. The chi square value was 4.57 for one de- 
gree of freedom. Combinations of pathologic signs 
could not be correlated with anatomic location. 


TABLE 1. SUMMARY OF VESTIBULAR SIGNS INDICATING 
RETROLABYRINTHINE POSTERIOR FOSSA LESIONS 


LSS NUMA eee 
Test Central Vestibular Sign 


Calibration Calibration overshoot or undershoot 


Sinusoidal eye tracking Saccadic eye tracking 


Optokinetic asymmetry 


Optokinetic responses 
Optokinetic fatigue 


Horizontal unidirectional nystagmus 
with no drift 

Gaze nystagmus 

Vertical nystagmus 

Disconjugate nystagmus 


Spontaneous nystagmus 
and past-pointing 


Vestibular decruitment 
Hyperactive responses 


Caloric responses 


Nystagmus unaccompanied by dizzi- 
ness 

Nystagmus with dizziness, both per- 
sisting for as long as critical posi- 
tion is maintained and both being 
reproducible 

Vomiting unaccompanied by vertigo 


Postural study 


DISCUSSION 


In an effort to differentiate peripheral from cen- 
tral vestibular lesions, a variety of tests of vestibular 
and oculomotor function have been developed.*” 
However, in routine clinical practice, the neurotol- 
ogic test protocol usually consists of 1) tests of oculo- 
motor function which include calibration, eye 
tracking, and horizontal optokinetic (OKN) stimu- 
lation; 2) search for spontaneous nystagmus (SN); 3) 
caloric stimulation; and 4) postural testing. 


With respect to tests of oculomotor function there 


is general agreement about signs indicative of a cen- 
tral lesion (Table 1). 


In 1954, Cogan’? wrote that oculomotor dysmet- 
ria may be present when there is a consistent over- 
shoot on changes of fixation from one target to an- 
other. It was his opinion that this sign occurs ex- 
clusively with diseases of the cerebellum or cerebel- 
lar pathways. In a retrospective study Haring and 
Simmons’ found calibration overshoot in 40 pa- 
tients. In 38 of these patients a neurologic lesion 
was confirmed involving the cerebellum. On the 
basis of their clinical observations in 38 patients 
with ocular dysmetria, Katsarkas and Younge'' as- 
sumed that when this sign is found in association 
with certain other vestibular signs, a dysfunction of 
the flocculonodular lobe or its neural connections or 
both may be responsible. In the present study we 
had two patients in whom calibration overshoot 
was detected, and in both the archicerebellum was 
one of the anatomic locations involved. Conversely, 
the archicerebellum was involved by lesions in 30 
patients, yet calibration overshoot was detected on- 
ly in 2. 


Saccadic eye tracking is a reliable sign of a poster- 
ior fossa lesion. This sign has been observed with 
both diffuse’? and localized" lesions of the cerebel- 
lum. Abnormal ocular tracking patterns were re- 
ported by Benitez and Bouchard" in 9 of 10 patients 
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TABLE 2. DIAGNOSIS AND ANATOMIC LOCATION OF 
LESIONS ASSOCIATED WITH SACCADIC EYE TEACKING 


; Anatomic Location 
Pt. Diagnosis of Lesion 
1 Cerebellar astrocytoma Archicerebellum, medulla, 
pons 
2 Cerebellar pseudotumor  Archicerebellum 


3 Cerebellopontine angle 
meningioma 


Archicerebellum, cerebel- 
lar soe ae pons, 
nerve V 


4 Cerebellopontine angle 
meningioma 


Archicerebellum, cerebel- 
lar hemisphere. pons, 
medulla, nerve 


Archicerebellum, cerebel- 
lar hemisphere. pons, 
medulla, nerve VIII 


Archicerebellum, cerebel- 


5 Large acoustic neuri- 
noma 


6 Acoustic neurinoma 


lar hemisphere. pons, 
nerve 
7 Large glomus tumor Archicerebellum, cerebel- 
lar hemisphere, medul- 
la, pons 
8 Medullary, pontine Archicerebellum, zerebel- 
and cerebellar lar hemisphere, medul- 
atrophy la, pons 
9 Cerebellar infarct and Archicerebellum, 2erebel- 
vermis atrophy lar hemisphere 


10 Brainstem infarct Archicerebellum, 2erebel- 


a hemisphere, medul- 
a 


Il Bratnstem infarct Medulla, pons 


with cerebellopontine angle lesions. In the present 
series this sign was recorded in 11 patients, and 4 of 
them had large cerebellopontine angle lesiors. With 
respect to diffuse cerebellar lesions resulting in sac- 
cadic eye tracking, the cerebellum as a whole was 
affected in 34 patients, yet saccadic eye tracking 
was recorded only 11 times (832%). The only struc- 
ture in the posterior fossa not affected in all these 
patients showing saccadic eye tracking was the mes- 
encephalon (Table 2). 


The optokinetic test as an isolated abnormality in 
the neurotologic examination has no diagnostic im- 
portance. When it is found in association with other 
central signs it provides supportive evidence for a 
central lesion. In the present study eight patients 
demonstrated horizontal optokinetic asymmetry or 
fatigue. Four patients had large cerebellopontine 


angle lesions compressing the brainstem and cere- 
bellum. Baloh et al’* stated that when optokinetic 
responses are abnormal, the tumor is compressing 
the brainstem. In such a case, as previously stated, 
the abnormal optokinetic responses can serve as on- 
ly supportive evidence. This was the finding in all 
four patients with neoplasms. In this series five 
other patients had large cerebellopontine angle tu- 
mors, but no optokinetic abnormalities were de- 
tected. 


The localizing value of optokinetic asymmetry 
has been discussed. Coats'* is of the opinion that 
when an optokinetic asymmetry is associated with 
gaze nystagmus the lesion is located in the pons or 
mesencephalon. Table 3 shows that the pons was 
one of the structures involved in one patient, but 
the mesencephalon was not affected in a single in- 
stance. 


In our experience spontaneous nystagmus is con- 
sidered of central origin when 1) horizontal nystag- 
mus is recorded and the patient does not past-point; 
or 2) a gaze nystagmus is present, ie, the nystagmus 
beats in the direction of eye deviation (I° right and 
I° left); or 3) vertical upbeating or downbeating 
nystagmus or 4) disconjugate nystagmus is observed 
or recorded. 


The literature dealing with SN resulting from 
chronic lesions in the posterior fossa is particularly 
conflicting. According to Hare et al'® the represen- 
tation of the eyes in the cerebellum exceeds that of 
any other anatomic structure. Lesions of the cere- 
bellum could therefore be expected to result in nys- 
tagmus which is a form of disordered eye move- 
ment. Walsh and Hoyt and Dow and Moruzzi" 
thought that SN in all cerebellar, spinocerebellar, 
and pontocerebellar atrophies is rare since the com- 
pensatory processes keep pace with the developing 
lesions. According to Bender," patients with degen- 
erative disease of the cerebellum per se rarely have 
nystagmus. He felt that when nystagmus is present, 
it is because of involvement of the brainstem or ce- 
rebellar peduncles. On the basis of clinical observa- 
tions of circumscribed cerebellar lesions, Duke- 
Elder and Scott” believed that nystagmus can prob- 


TABLE 3. DIAGNOSIS AND ANATOMIC LOCATION OF. LESIONS ASSOCIATED WITH OPTOKINETIC ASYMMETRY 


Patient Diagnosis Spontaneous Nystagmus Anatomic Location of Lesion 
l Medullary pontine and cerebellar Vertical downbeating Archicerebellum, cerebellar hemisphere, medul- 
atrophy nystagmus la, pons 
2 Pseudotumor vermis ISR and [°L Archicerebellum 
3 Cerebellopontine angle Vertical u Mapas ak Archicerebellum, cerebellar hemisphere, pons, 
meningioma tagmus [I°R I°R and IPL medulla, nerve VIII 
4 Von Hippel-Lindau disease ICR and IPL Archicerebellum 
8 Cerebellopontine angle meningioma § None Archicerebellum, cerebellar hemisphere, pons, 
nerve VIII 
6 Cerebellopontine angle meningioma None Archicerebellum, cerebellar hemisphere, pons, 
nerve VIII 
ji Infarct IPL and PL Archicerebellum, medulla, pons 
8 Acoustic neurinoma IPR ISR IPL Archicerebellum, medulla, pons, nerve VIII 
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TABLE 4. DIAGNOSIS AND ANATOMIC LOCATION 
OF LESIONS ASSOCIATED WITH 
VESTIBULAR DECRUITMENT 


Anatomic Location 


Pt. Diagnosis of Lesion 
l Acoustic neurinoma Nerve VIII 
2 Acoustic neurinoma Archicerebellum, cerebel- 


lar hemisphere, pons, 
nerve VIII 


Acoustic neurinoma Nerve VIII 


4 Acoustic neurinoma Archicerebellum, cerebel- 
lar hemisphere, nerve 
III, pons 

5 Acoustic neurinoma Archicerebellum, cerebel- 
lar hemisphere, nerve 
VIII, pons 

6 Cerebellopontine angle Archicerebellum, cerebel- 

meningioma lar hemisphere, pons, 


nerve VIII 


7 Cerebellopontine angle — Archicerebellum, cerebel- 


meningioma lar hemisphere, medul- 
la, pons, nerve VIII 
8 Glomus tumor Archicerebellum, cerebel- 
lar hemisphere, medul- 
la, pons 
9 Cerebellar metastatic Cerebellar hemisphere, 
tumor medulla, pons 
10 Dermoid cyst Archicerebellum, medulla 
ll Mega cisterna magna Archicerebellum 


12 Cerebellar atrophy and Cerebellar hemisphere, 
pontine infarct pons 


13 Cerebellar atrophy Archicerebellum, cerebel- 


lar hemisphere 
14 Cerebellar atrophy Cerebellar hemisphere 
15 Infarct brainstem 


16 Cerebellar and brain- 
stem infarct 


Pons, mesencephalon 


Archicerebellum, cerebel- 
lar hemisphere, medulla 


17 Brainstem infarct Medulla, pons 
18 Lipoma of vermis Archicerebellum 
19 Medullary cyst Medulla 


ably be of direct cerebellar origin. Our findings 
agree with the view of Duke-Elder and Scott.*” We 
had 12 patients with lesions affecting the cerebel- 
lum exclusively, and 9 of these showed spontaneous 
nystagmus. Table 4 shows that all patients except 
patient 1 had chronic lesions of the ceerebellum. 
However, in the case of patient 1, in addition to a 
cerebellar infarct there was evidence of marked cer- 
ebellar atrophy. 


Similarly, brainstem lesions would be expected to 
result in SN. Six patients in our study had the lesions 
located exclusively in or adjacent to areas of the 
medulla, pons, or midbrain. Four patients showed 
SN. 


Can SN (horizontal, gaze, vertical, or disconju- 
gate) provide any clues as to specific areas of the 
brainstem or cerebellum affected by disease? Such 
correlations have been attempted both from results 
of animal experiments and clinically identified le- 
sions. For example, downbeat nystagmus is believed 
to indicate damage to the caudal medulla. Of 27 
cases of downbeat nystagmus reviewed by Cogan,” 


8 proved to have abnormalities of the craniocervical 
junction, the most common being Arnold-Chiari 
malformation. Downbeat nystagmus has also been 
produced in monkeys by bilateral lesions in the me- 
dian longitudinal fasciculus at the level of the bra- 
chium conjunctivum.”’ On the other hand, Gilman 
et al?’ in a clinicopathological study found that a 
primary position upbeat nystagmus can result from 
damage in the caudal brainstem. Thrush and Fos- 
ter” felt that although nystagmus is a common find- 
ing in disorders of the brainstem and cerebellum, it 
has a poor localizing value and gives little indica- 
tion of the underlying pathology. In this study we 
found three patients with vertical nystagmus. One 
showed a vertical upbeating nystagmus in addition 
to a horizontal nystagmus, and the lesion was a 
large cerebellopontine angle tumor. In the other 
two patients a strong downbeating nystagmus was 
the only SN recorded. In one patient an inferior 
cerebellar infarct was found on the CT scan, and in 
the second patient marked atrophy of the vermis 
and of the left cerebellar hemisphere was detected 
by CT scan. In four patients with lesions in the 
caudal brainstem-cerebellum area, no vertical nys- 
tagmus was detectable. 


For the evaluation of vestibular function, the 
caloric test as described by Fitzgerald and Hall- 
pike?’ has received the widest acceptance. Vesti- 
bular paresis and directional preponderance are the 
two abnormalities detectable with this technique of 
caloric stimulation. Umera and Cohen,’ studying 
vestibular responses after creating lesions around 
the vestibular nuclear complex in monkeys, found 
vestibular paresis only when the lesions involved the 
nerve VIII root entry zone. According to Baloh and 
Honrubia” the lesion could be located anywhere 
from the end-organ to the nerve root entry zone 
when vestibular paresis is found. Directional pre- 
ponderance, according to them, occurs with end- 
organ and nerve VIII lesions but also with lesions in 
the central nervous system from the brainstem to 
the cortex. The bithermal caloric test therefore does 
not contribute in differentiating end-organ from in- 
tracranial lesion. McCabe and Ryu," testing nor- 
mal subjects and experimental animals, concluded 
that directional preponderance is worthless in local- 
izing vestibular disease. For these reasons we use 
the Torok monothermal differential caloric test, the 
diagnostic advantages of which have been described. ' 
The two central vestibular signs obtained by this 
caloric test are vestibular decruitment and hyperac- 
tive responsiveness. The reliability of vestibular 
decruitment in detecting posterior fossa lesions has 
been reported as greater than 90% .*” In the group 
of patients included in the present study, decruit- 
ment was detected 19 times. The anatomic locations 
of the lesions included all structures except the 
mesencephalon. In two patients (Table 4, patients 1 
and 3) intracanalicular acoustic neurinomas were 
found. 
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TABLE 5. DIAGNOSIS AND ANATOMIC LOCATION 
OF LESION ASSOCIATED WITH 
POSTURAL TEST ABNORMALITIES 


Anatomic Location 
Pt. Diagnosis of Lesion 
] Acoustic neurinoma Nerve VIII 
Acoustic neurinoma Archicerebellum, cerebel- 


lar hemisphere, pons, 
nerve 


Archicerebellum, cerebel- 


con pan 


Archicerebellum, cerebel- 
lar hemisphere, pons, 


3 Cerebellopontine angle 
neurinoma 


4 Cerebellopontine angle 
neurinoma 


nerve 
5 Cerebellopontine angle Archicerebellum, cerebel- 
egora lar hemisphere, pons, 
nerve 
6 Cerebellar pseudotumor Archicerebellum 
T Basilar artery aneurysm Pons, mesencephalon 
8 Mega cisterna magna Archicerebellum 
9 Mega cisterna magna Archicerebellum 
10 Dermoid cyst Archicerebellum, medulla 
1} Cysticercosls Cerebellar hemisphere, 
medulla 


12 Cerebellar and brain- Archicerebellum, cerebel- 


stem infarct lar hemisphere, medul- 
la, pons 
13 Cerebellar atrophy Archicerebellum 


Hyperactive caloric responses are indicative of 
defect of inhibition on the vestibulo-ocular reflex 
arc, Hyperactive caloric responses occurred in 8 pa- 
tients in this study, and in 5 the lesion was located 
in the cerebellum. Of the 46 patients in this study 31 
had lesions involving the cerebellum. Cerebellar le- 
sions are also believed to be responsible for dys- 
rhythmic postcaloric nystagmus.” This was not our 
observation in 31 patients who had confirmec cere- 
bellar lesions. 


et mee 


The postural test is another reliable indicator of 
intracranial pathology. A central lesion is suspected 
when one of the signs listed under the postural test 
in Table 1 is detected. Thirteen patients showed 
such central postural signs. Table 5 summarizes the 
clinical diagnoses and the sites of the lesions in the 
posterior fossa in these cases. Again, no specific ana- 
tomic locations could be related to the central pos- 
tural signs. Katsarkas™ recently reported on 5 pa- 
tients with positional nystagmus of the central type, 
and in 4 the lesions were located in the area of the 
fourth ventricle. He concluded that positional nys- 
tagmus of the central type is presumably due to 
pathology of the fourth ventricle. We had two pa- 
tients with abnormalities around the fourth ventri- 
cle. In one patient the lesion was a dermoid cyst, 
and clear posturally-induced nystagmus was re- 
corded without accompanying dizziness. In the 
other patient with hemangioblastoma no postural 
signs were present. ' 


It is obvious that direct correlations between par- 
ticular vestibular signs and specific neuroanatomic 
locations cannot be made with any certainty. It is 
clear from our study that while we may observe a 
particular central vestibular sign with a lesion in a 
specific area of the brain, it is also true that a lesion 
in the same area does not consistently create the 
same vestibular anomalies. The vestibular abnor- 
mality observed in a particular instance is probably 
due to more than just the neuroanatomic substrate 
involved. 


This does not imply that attempts at making cor- 
relations should be abandoned. On the contrary, 
because clinical correlations can be made with 
much greater accuracy with the CT scan, we are 
encouraged to continue this study. 
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STAPEDECTOMY — A LONG-TERM REPORT 


JOHN J. SHEA, MD 


MEMPHIS, TENNESSEE 


perilymph fistula was caused by creating an opening in the footplate much larger than the prosthesis and was eliminated by interposing a 
living oval window seal if the opening was much larger than the prosthesis and a flap of lining membrane from the promontory when it 


was not. Other factors that influence a good result are discussed, including the type and the diameter of the piston used, the type of living 


The question being debated now, a quarter cen- tendon was cut, the arch of the stapes fractured 
tury after the first successful stapedectomy, is not away, the lining membrane of the middle ear ele- 
the wisdom of stapedectomy but the best way to re- vated from around the circumference of the oval 
construct the sound-conducting mechanism of the window, and the bleeding controlled. The footplate 
middle ear. It is the purpose of this paper to re-ex- was fractured and as many of the fragments as 
amine the long-term results of large fenestra stape- would come away easily were removed. The oval 
dectomy with vein graft and Teflon piston as com- window was covered with a compressed vein graft 
pared to small fenestra stapedectomy with Teflon removed from the back of the patient’s hand. A 
piston directly into the vestibule, and the other fac- Teflon piston prosthesis 0.6 or 0.8 mm in diameter 
tors which influence a successful result. was then put into place on the vein graft projecting 


0.25 mm below the inner rim of the oval window, 
and Gelfoam packed around to hold the prosthesis 
on the center of the vein graft (Fig. 1). 


In my 15-year report on stapedectomy to the 
American Academy of Otolaryngology in 1970,' I 
compared my results with these two groups of oper- 


ations at that time. There were 1,943 operations in Results of the 1970 analysis are found in Figure 2. 
the large fenestra group and 2,155 operations in the One hundred consecutive operations from this group 
small fenestra group. For the present analysis I operated upon in 1965 with follow-up to the present 
went back and selected 100 consecutive operations were selected so as to give a minimum of 15 years 


from the beginning of each group with follow-up to follow-up (Fig. 3). 


the present. It is interesting that 15 years after operation the 


In all of the large fenestra operations the same percentage of closure of the air-bone gap and fur- 
technique was followed meticulously. The stapedial 
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Fig. 2. Results of 1,943 large fenestra stapedectomies with 
Fig. 1. Large fenestra stapedectomy with vein graft and vein graft and Teflon piston prosthesis. 1965-1970 analysis; 
Teflon piston prosthesis. no fistulas. 
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Fig. 3. Results of 1,943 large fenestra stapedectomies with 
vein graft and Teflon piston prosthesis. 1965-1982 analysis; 
no fistulas. 


ther cochlear loss had not changed much since the 
prior 5-year report. What this says is when the oper- 
ation is successful after five years, it will usually re- 
main successful for the rest of the patient’s life. 


In most of the small fenestra operations, the same 
technique was followed meticulously at first, but 
over time the technique was changed, which, un- 
fortunately, caused the problem of perilymph fistu- 
la to develop. 


The first such small fenestra operation was done in 
July 1960 on a young female with a congenital con- 
ductive hearing loss with a bifurcated facial nerve 
around the oval window (Fig. 4A). All I could do 
was remove the fragile arch of the stapes, which was 
not well attached to the footplate, drill a small open- 
ing in the footplate between the branches of the bi- 
furcated facial nerve, and insert a 0.6 mm diameter 
Teflon piston prosthesis directly into the vestibule. 
Perivenous loose connective tissue was wrapped 
around the prosthesis as an oval window seal (Fig. 
4B). The patient’s hearing was improved at once, 
with eventual closure of the air-bone gap. With this 
good result it became apparent to me, for the first 
time, that total stapedectomy was not always neces- 
sary. I repeated this operation in this patient's other 
ear with the same good result the next year. 


Because it was so successful and less traumatic 
and easier to perform, I gradually began to use this 
small fenestra operation on all patients with exten- 
sive otosclerosis, especially those with obliterative 
otosclerosis.2 Results with this technique were very 
good, especially when compared to results with the 
large fenestra operation in ears with extensive and 


Fig. 4. A) Bifurcation of facial nerve around 
oval window. B) Small fenestra stapedectomy 
with Teflon piston directly into vestibule be- 
tween bifurcated facial nerve. C) Small fenes- 
tra stapedectomy with Teflon piston prosthesis 
directly into vestibule, with flap of lining 
membrane from promontory over fenestra. 
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Fig. 5. Results of 2,155 small fenestra stapedectomies with 
Teflon piston directly into vestibule. 1960-1965 analysis; 
2.4% fistulas. 


especially obliterative otosclerosis. Gradually, use 
of the technique was extended to those ears with less 
extensive otosclerosis. In some of these ears an open- 
ing much larger than the prosthesis was created, 
and in some as much as half the footplate was re- 
moved. Perivenous loose connective tissue and/or 
Gelfoam was always wrapped around the lower end 
of the Teflon piston to seal the oval window. Unfor- 
tunately, in some of these ears in which an opening 
much larger than the prosthesis was created peri- 
lymph fistula occurred, in 2.4% of the 2,155 opera- 
tions in this group reported in 1970. Having discov- 
ered the problem and the cause, from 1970 onward 
a living oval window seal was always interposed un- 
less the opening in the footplate was just larger than 
the prosthesis used. In 539 such operations since 
1970 to date no more perilymph fistulas are known 
to have occurred. Even in these ears with an open- 
ing just larger than the prosthesis, whenever possi- 
ble a flap of lining membrane from the promontory 
was elevated and turned over the fenestra to give a 
living oval window seal before the piston is in- 
serted, penetrating no more than 0.25 mm below 
the inner rim of the oval window opening (Fig. 4C). 


Results of the 1970 analysis are found in Figure 5. 
One hundred consecutive operations from this 
group with follow-up to the present were selected 
from those operated upon in 1960 so as to give a 
minimum of 20 years follow-up (Fig. 6). It is inter- 
esting that 20 years later the percentage of closure 
of the air-bone gap and further cochlear losses has 
not changed much since that prior analysis. Those 
patients who heard well at 1 year generally heard 
well at 10 and 20 years. 
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Fig. 6. Results of 2,155 small fenestra stapedectomis with 
Teflon piston directly into vestibule. 1960-1982 aralysis; 
2.4% fistulas. 


Our results indicate that if both operat ons are 
done properly, the hearing gain will be a little bet- 
ter, both at once and long-term, with the small fen- 
estra operation than with the large. McGee came to 
the same conclusion comparing a small fenestra 
Teflon wire operation, very similar to this one, with 
a wire connective tissue-fat operation whicl. is tech- 
nically inferior to the vein graft and Teflon piston.’ 


If properly done the small fenestra opezation is 
superior in several ways. It is certainly easier to do, 
especially with a drill which will create an opening 
in the footplate 0.65 mm in diameter that will just 
admit an 0.6 mm diameter piston (Fig. 7). The flap 
of lining membrane from the middle ear iz easy to 
elevate. Sometimes the opening in the footplate can 
be created with this drill and a cuff of the footplate 
periosteum will remain over the opening to help 
seal the oval window (Fig. 8). The small fenestra 
operation is less traumatic to the inner ear because 
less of the lining membrane of the vestibule is dis- 
turbed and there is less chance of blood and the oval 
window seal to get into the perilymph. 


I am not surprised that there was a fistula in the 
saccule in 3 of 8 cat ears in which a fenestra was 
created in the footplate with an argon lasar in the 
experiment by Gantz et al.* It seems to me the argon 
laser is a difficult, potentially dangerous, and ex- 
pensive way to create a fenestra in the footplate. 
Gardner et al (personal communication) have just 





Fig. 7. Shea footplate microdrill. 





Fig. 8. Microdrill leaving cuff of footplate periosteum over 
oval window opening. 


concluded a similar experiment in our laboratory 
using a CO, laser to create a fenestra in the foot- 
plate of cats in which there was no injury to the sac- 
cule or other portions of the inner ear in seven ears. 
I am not in favor of using any type of laser at pres- 
ent to create an opening in the footplate, but of the 
two, the CO, laser is less expensive and, when used 
properly, would appear to be less potentially harm- 
ful to the inner ear. 


If the opening is much larger than the piston and 
you must interpose a living oval window seal, it is 
best not to remove any more of the footplate than 
possible. That is, even in a large fenestra operation 
it is best to keep the opening as small as possible, but 
you must be sure to get the prosthesis into this small 
opening, projecting 0.25 mm below the inner rim of 
the oval window. 


The complication of perilymph gusher, so dis- 
turbing in the early days of stapedectomy, can be 
managed by elevating the head to stop the leak, in- 
serting a large living oval window seal and prosthe- 
sis, and keeping the head elevated for several days 
until the oval window seal heals into place. Most 
such patients will have large cochlear aqueducts as 
seen in polytome x-ray films. 





Fig. 9. Lining membrane of vestibule beneath piston driv- 
ing fluid. 
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Fig. 10. Platinum Teflon cu prosthesis (0.6 mm) placed 
directly into vestibule with flap of lining membrane from 
promontory over fenestra. 


From my analysis there was no statistical differ- 
ence between the immediate or long-term hearing 
gain with a 0.6 or 0.8 mm diameter Teflon piston 
prosthesis, just as Schuknecht and Bentkover found,* 
which is not surprising, since, as Tonndorf (per- 
sonal communication) has pointed out, the lining 
membrane of the vestibule heals beneath the piston 
in the vestibule to create a very efficient exponential 
cone-shaped membrane which moves the fluid (Fig. 
9). My results with a small series of 0.3 mm diam- 
eter Teflon pistons were not good for low tones, clo- 
sure and overclosure of the air-bone gap, so I 
stopped using this small diameter prosthesis. It is 
not usually possible to get an opening in the foot- 
plate to take a 1 mm diameter Teflon piston 
without getting into the oval window joint space, so 
the 1 mm diamter prosthesis is never used in the 
small fenestra operation. 


The type of prosthesis used, and especially the 





Fig. 11. Teflon piston on incus when lenticular process ex- 
tends beyond oval window, with flap of lining membrane 
from promontory over fenestra. 





Fig. 12. Large-headed malleus Teflon piston in place. 


method of attachment to the incus, are still very 
much in debate. My own experience from homo- 
graft cortical bone, to Teflon replica of the stapes, 
to pointed polyethylene tube, to Teflon piston to 
Teflon cup piston prosthesis with platinum loops 
has been one of gradual evaluation. At the present 
time, I use the 0.6 mm diameter platinum Teflon 
cup prosthesis with platinum loops (Fig. 10), except 
when the lenticular process extends beyond the cen- 
ter of the oval window and the 0.6 mm diameter 
Teflon piston on the lower incus will make a better 
fit into the oval window (Fig. 11). 


When a large fenestra is created, a piston is less 
likely to become attached to the margins of the oval 
window than wire with a loop at its end. Attach- 
ment of a wire to the incus presents many immedi- 
ate and long-term problems not present with a Tef- 
lon piston or cup piston prosthesis. 


I prefer a Teflon cup piston to steel cup piston 
prosthesis, but I can see no great difference between 
the two. 


If the incus is missing or defective, the long- 
headed malleus Teflon piston with a 30° angle be- 
tween the loop at the end and the shaft of the pros- 
thesis makes a good reconstruction of the sound- 
conducting mechanism of the middle ear (Fig. 12). 





Fig. 13. A) Migration of Teflon piston to edge of oval win- 
dow due to eversion of lining membrane of vestibule. B) 
Migration of lining membrane of vestibule above loop at 
end of wire. 
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The long debate about the value of Gelfoem as an 
oval window seal has just about ended wita pretty 
general agreement that it should not be closed if a 
large opening is made in the footplate. While many 
ears will close with Gelfoam, enough will not, and 
granulomas, perilymph leaks, and other problems 
will occur, so that it should not be used. 


The type of autogenous living oval wincow seal 
used is not as important as the prosthesis, sicce all of 
them thin down with time. My own preference for 
vein is due to the beautiful way it conforms to the 
oval window when compressed, which allows for a 
more accurate placement of the prosthesis. 


The great long-term advantage of the smell fenes- 
tra operation, besides its simplicity, is its stability, 
its freedom from delayed conductive hearing loss 
due to migration of the prosthesis and/or the oval 
window seal, from eversion of the lining membrane 
of the vestibule. The potential pressure gradient be- 
tween the middle ear and perilymph is very great,‘ 
up to 950 mm water, and over time, in the large 
fenestra operation, can cause delayed conductive 


hearing loss due to migration of the prosthesis (Fig. 
13A) and/or the lining membrane of the vestibule 
and incus necrosis (Fig. 13B), which just does not 
happen with the small fenestra operation. 


We have come a long way from original attempts 
at mobilization of the stapes and stapedectomy by 
Kassel, Miot, Jack, and others, as resurrected by 
Rosen, and the multistage fenestration operation of 
Holmgren and Sourdille and others as perfected by 
Lempert, Shambaugh, House and others, to the 
small fenestra stapedectomy with Teflon piston of 
today. We have done about all that can be done for 
the conductive component. What remains is the 
sensorineural component, which continues, despite 
sodium fluoride, and is the challenge of the future. 
We have begun studies the preliminary results of 
which indicate that this sensorineural component is 
due to an autoimmune response, to the primitive 
cartilage in the fissula ante fenestrum and otic cap- 
sule in which the otosclerosis process begins. It may 
be that this research will lead to a method to pre- 
vent and/or treat this most distressing, and as yet, 
nearly untreatable sensorineural component of oto- 
sclerosis. 
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WHAT CAN BE DONE FOR THE RECRUITING EAR? 


MAURICE SCHIFF, MD ROBERT E. SANDLIN, PHD 


SAN DIEGO, CALIFORNIA 


Probably one of the greatest problems in hearing aid fitting is to try to adapt hearing amplification to the recruiting ear. Sound is not 
loud enough, and then it is too loud. Microchips have permitted hearing aids to be smaller and smaller. However, they still remain either 
linear output- or input-compression types. Log-linear amplification permits the “smart aid” to automatically decrease the gain as the input 
power of speech or noise increases. This together with a patented low-frequency signal processor permits maximum discrimination with 
minimal violation of the patient’s threshold of discomfort. This is a considerable step in ameliorating the major problem of the recruiting 
ear. 


Probably one of the greatest problems in hearing ing, the overall efficiency of the amplification sys- 
aid fitting is to try to adapt hearing amplification to tem is reduced. 
the recruiting ear. How often have we heard the pa- 
tient narrate the sad lament, “What did you say?,” 
and when the response is given back a little louder 
the patient’s sharp reaction is “Don’t shout, I can 
hear you!” These two phrases represent the discom- 
fort and dilemma of the patient with the recruiting 
ear. At first it is not loud enough, and then with 
slight amplification it is suddenly too loud. 


It is true, unfortunately, that over the past sev- 
eral decades during which electronic hearing aid 
devices have been available to the acoustically im- 
paired there has not been developed one single con- 
sensus on that amplification system best meeting the 
needs of the hearing-impaired patient.* Neither the 
otological, audiological, nor the hearing aid- 
dispensing community has presented a compelling 


In recent years, hearing aids have been greatly hearing assessment procedure which, when applied 
improved. The electronics have been made smaller to hearing losses, will provide unqualified 
and more sophisticated, but the essential funda- parameters for hearing aid selection. In the medical 
mental input/output gain relationship has not been community, for example, there is no consensus 
changed. Several years ago a different approach regarding candidacy for hearing aid amplification. 
was made electronically. This resulted in the appli- There remains that vestige of the professional 
cation of log-linear amplification.'* In brief, it can discipline which feels that patients presenting with 
be stated that if the input increased, the gain would confirmed sensorineural impairment are not can- 
decrease logarithmically. And since the lag time didates for hearing aid amplification, even in view 
was very short, the appreciation of the output of irrefutable evidence suggesting that the vast ma- 
would seem almost instantaneous. This type of aid jority of patients who have a sensorineural deficit 
is built so that an envelope made by the measure- use hearing aids successfully. 


ment of the threshold of discomfort (TD) and the 
threshold of detection is utilized. The aid’s output is 
somewhere in the middle of this envelope and speci- 
fically is made never to violate the TD. At that lev- 
el, the aid shuts itself down. Such a “smart” aid is 
almost totally self-regulating. This is not to be con- 
fused with output compression amplification. 


Regardless of what the various philosophical ap- 
proaches may be to resolving the acoustic needs of 
the hearing-impaired patients* who are not suitable 
subjects for medical or surgical intervention, there 
are problems which must be resolved if any hearing 
aid device is to be applied. In all instances of hear- 
ing loss, the patient has a reduced dynamic range 


Recruitment is a perplexing problem both for the (DR). DR may be best described as that range from 
physician and for the patient. This disproportionate the point of signal detection to the point of the TD 
growth in loudness, when compared to normal ear level for a given acoustic stimulus. Diagrammati- 
function, presents a most serious problem in the cally, it may appear as shown in Figure 1. The solid 
proper selection and fitting of hearing aid devices. line on the bottom portion of the chart suggests the 
In many instances, when the significantly recruit- normal threshold sensitivity for the best ears for fre- 
ing ear is fitted with a hearing aid, sounds elevated quencies from 125 to 8000 Hz. The dashed line shows 
only slightly above the most comfortable listening the upper limits of normal threshold sensitivity. The 
level (MCL) cannot be tolerated. Therefore, to solid line shown at the top suggests the TD for the 
avoid unpleasantness the patient will often turn frequency range indicated. The DR is quite broad 
down the acoustic gain of the hearing aid. By so do- and permits the processing of a host of inten- 
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Fig. 1. Dynamics of hearing measurements. Threstold of 
normal hearing (bottom solid line); up Hnit of 
threshold sensitivity (dashed line); normal tolerance limits 
we solid line). Open circles — hearing loss showing 
reduced dynamic range. 


sity/frequency inputs into the human auditory sys- 
tem. 


The open circles on the graph indicate the eleva- 
tion of threshold sensitivity for a hearing-impaired 
individual. It is apparent that there is a significant 
reduction in the DR and, therefore, a loss cf infor- 
mation when the intensity/frequency input falls be- 
low the level of detection. There is always a loss of 
DR whether the loss is sensorineural, mixed, or con- 
ductive. 


If one is aware that individual phonemes in the 
English phonologic system differ from one another 
as a function of their spectral distributior, some 
general statements can be made about problems of 
speech discrimination or the detection of irforma- 
tion-bearing signals from nonspeech sources. One is 
aware, for example, that the identification o- vowel 
and vowel-like sounds depends, for the most part, 
upon frequency content below 1500 Hz and that for 
much of the consonant discrimination frequency in- 
formation above 1500 Hz is important. Further, it is 
well established that the energy present in the vowel 
components is significantly greater than is the 
acoustic energy for many of the consonant sounds. 


Using the information suggested in Figure 1, one 
can predict that the vowel components can be de- 
tected with much greater facility than the conson- 
ant sounds when the DR is reduced, thus resulting 
in decreased discrimination. In short, the patient 
says, “I can hear what you are saying, but I can’t 
understand it all.” 


From the standpoint of selecting the apprepriate 
hearing aid with this in mind, the task is one of im- 
proving threshold sensitivity without violating the 
individual’s tolerance threshold. Any hearing aid 
can improve threshold sensitivity and thus increase 
the probability of improved speech discrimination. 
However, if the task is that of reinstating normal 
threshold sensitivity as closely as possible thea cau- 
tion must be exercised in appropriate hearing aid 
selection practices. Again, the task remains that of 





Fig. 2, Input-output functions of linear amplifier (solid 
line); output-compression amplifiers (dashed line labeled 
“Himiter”); input-compression amplifiers (“semi-log” and 


“log” compression). -linear amplifier is linear to its 
knee and then becomes logarithmic. 


improving threshold sensitivity without violating 
loudness tolerance. Parenthetically, it is the au- 
thors’ view that in all cases of sensorineural impair- 
ment recruitment is present and serves to under- 
score the necessity of selecting hearing aid devices 
which will not compromise the TD. 


The degree to which one succeeds in achieving 
this ideal goal of recapturing a normal DR depends, 
in large measure, upon the amplifier design of the 
hearing aid system selected by the individual physi- 
cian or by the person to whom the patient is re- 
ferred. To bring into a somewhat sharper focus the 
benefits accruing from increased threshold sensitiv- 
ity, one should consider the following: assume that 
a patient wearing a hearing aid can just detect the 
presence of speech sounds when the talker is stand- 
ing at 3 m (10 ft). Now, if the aided threshold could 
be improved by 6 dB that same talker could be 
heard at 6 m (20 ft). Suppose, then, one were able 
to improve threshold sensitivity for speech by 20 dB. 
The listener would then be able to detect speech at 
30 m (100 ft). Therefore, when one considers the 
frequency/intensity distribution in the English 
sound system what may appear as a minor gain in 
threshold sensitivity may be a significant one for 
sound and speech intelligibility.® 


In current use there are three basic types of am- 
plifiers: linear, output-compression, and log-linear. 
Each amplifier has unique properties and treats the 
input/output function in a different manner. Figure 
2 suggests the input/output functions of these am- 
plifiers. 


The linear amplifier has a 1:1 relationship be- 
tween the input and output pressure of the hearing 
aid. For example, if there is a 10-dB increase in the 
input signal to the hearing aid there will be a 10-dB 
increase in the output signal. This linear relation 
will maintain until the maximum power output 
(MPO) of the hearing aid device is reached. 
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TABLE 1. INPUT-OUTPUT FUNCTIONS OF 
HEARING AID LINEAR AMPLIFIER 


Assume 65 dB loss at 1000 Hz and threshold of discomfort at 115 
dB MCL at 1000 Hz is 85 dB 





Output 
Input (dB) Gain (dB) (dB) 
therefore — 
65 20 85 
75 20 95 
85 20 105 
95 20 t15 
however — 
55 20 75 
45 20 65 


Signals less than 45 dB are not detected in aided mode. 


In an output-compression amplifier the in- 
put/output function is linear up to a certain point, 
and then this relationship becomes nonlinear de- 
pending upon where the compression knee of the 
system is set. For example, all inputs into the hear- 
ing aid up to 70 dB will have a linear function. For 
each 10-dB increase in the input there will be a 
10-dB increase in the output of the device. Above 
the 70-dB input level a 10-dB increase in signal 
strength may produce only a 6- or 7-dB increase in 
the output signal depending upon the specific de- 
sign of the output-compression system. For rather 
high inputs the increase for each 10-dB input may 
be as little as 3 dB. 


Input compression amplification is uniquely sep- 
arate from other amplification systems in that all 
signal processing is accomplished before the volume 
control and the output amplifier. The slopes of the 
input/output function which are possible are limit- 
ing, semi-log, or log. The volume control will affect 
not only the gain of the hearing aid but also the 
final power output of the amplification system. Ina 
log-linear aid, representative of input-compression 
devices, the input/output function is set at a fixed 
level, or ratio. That is, the log-linear design may be 
that which permits only a 5-dB increase in the out- 
put signal for each 10-dB increase in the input. The 
point at which the log-linear system is activated 
usually occurs at low input levels, perhaps around 
35 dB sound pressure level (SPL) with the 0.5 ratio 
attaining at all inputs above this. The task is to ex- 
amine each of the amplifiers and determine the effi- 
ciency with which each functions in a given DR. 


It is the contention of the authors that one should 
strive to approximate the normal DR if instrument 
technology is available to do so. It is realized, of 
course, that some patients may reject hearing aids 
which provide normal approximation of threshold 
sensitivity for a number of reasons. To emphasize 
the practical advantages of one amplifier over an- 
other, let us assume the behavioral data indicated in 
Table 1 was obtained from a hearing-impaired pa- 
tient using a complex speech input. 


If one examines the function of a linear amplifier 
whose input/output is linear to the point of output 


TABLE 2. INPUT-OUTPUT FUNCTIONS OF 
COMPRESSION-OUTPUT LIMITING HEARING AID 


Assume 65 GB loss at 1000 Hz and threshold of discomfort at 115 
7 Compression activated at 70 dB input MCL at 1000 Hz is 85 


Output 
therefore — 
65 20 85 
75 15 90 
85 9 94 
95 4 99 
105 3 102 
115 p 104 
however — 
55 20 75 
45 20 65 


Signals less than 45 dB are not detected in aided mode. 


saturation, one would observe something approx- 
imating the following: in order for a 65-dB speech 
input (normal conversation intensity) to achieve an 
85-dB output pressure, an acoustic gain of 20 dB 
would be required. This acoustic gain is fixed and 
will be reflected in any change of the input signal. 
Therefore, a 65-dB input yields an 85-dB output 
pressure which approximates the listener’s MCL. 
Increases of 10 dB in input continue to yield 10-dB 
increases in output until at 95 dB input the MPO of 
the amplification system is reached. However, as 
one reduces the intensity of the incoming signal, it is 
apparent that inputs less than 45 dB would not be 
detected as the outputs fall below the person's 


threshold of 65 dB. 


Therefore, there would be a loss of information 
resulting in inappropriate processing of the in- 
tended message. In some instances, depending upon 
the input level, the patient may hear the vowel and 
vowel-like components but not the consonant 
sounds. Although an extremely useful amplification 
system, the linear amplifier cannot provide an ap- 
proximation of normal threshold sensitivity in most 
hearing loss configurations. 


When one examines the amplifier function of an 
output-compression amplifier as suggested in Table 2 
and applies the same behavioral data as described for 
a linear amplifier, the following will obtain: assume 
that the compression system is activated for input 
signals 70 dB SPL or greater. A 65-dB input yields an 
85-dB output pressure which is at the listener's MCL. 
Higher level inputs to the hearing aid are permitted 
without producing output pressures which violate 
the threshold of discomfort. This represents a signifi- 
cant advance in hearing aid function and has been a 
most useful advance for the acoustically-impaired 
hearing aid user. However, in that the compression 
function is activated only at input signals 70 dB or 
greater, input signals less than 70 dB produce a 
linear input/output function. Again, referring to 
Table 2, notice that acoustic signals into the system 
less than 45 dB will not be detected by the user of an 
output-compression device because the input/output 
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TABLE 3. INPUT-OUTPUT FUNCTIONS OF 
LOG-LINEAR INPUT-COMPRESSION HEARING AID 


Assume 65 dB loss at 1000 Hz and threshold of discomfort at 115 
B. Compression activated at 35 dB. 


Output 
Input (dB) Gain (dB) (dB) 
therefore — 


30 3 65 
35 35 70 
45 30 75 
59 25 80 
65 20 85 
75 15 90 
85 10 95 
95 5 100 
105 0 105 
115 =5 110 


"a intensity ranging from 30 to 115 dB can be detected and/or 
tolerated. 


function below 70 dB is identical in performance to 
the conventional linear amplifier. In essence, the 
output-compression device extends the acceptable 
range for the more intense signals but does not pro- 
vide greater threshold sensitivity when compared to 
a hearing aid with linear amplification. 


The reasonable question may be whether o7 not an 
amplification system is available which permits a 
wide range of input levels to enter the system and ap- 
proximate normal threshold sensitivity without com- 
promising the loudness discomfort of the patient. 
The answer is expressed in log-linear amplification. 
Using the same data suggested for linear and output- 
compression amplifier systems, a log-linear hearing 
aid having a 0.5 ratio for input/output function and 
the compression knee activated at 35 dB would pro- 
vide the performance data given in Table 3. The gain 
of the aid is set to provide a 35-dB gain for input 
signals less than 35 dB SPL. 


Immediately obvious is the broad range of signal 
intensities which can be processed by the user of the 
log-linear system. One will note that a 25-dB signal 
will be detected by the patient and that a signal of 
115 dB can be easily tolerated. With the app-ication 
of a log-linear hearing aid the aided DR is increased 
appreciably which enhances the hearing aid user’s 
ability to process acoustic information presented to 
the auditory system. This results in improved control 
at high intensities and increased discrimination at 
high and low intensities. 


Advances in amplifier design reflected in the log- 
linear amplifier are obviously advantageous to the 
hearing-impaired population, but there were some 
negative aspects of a log-linear device which present 
significant problems in the discrimination of speech 
in a noise background. The major disadvantage was 
the creation of foreground/ background distortion. 


In linear hearing aids all sounds amplified by the 
instrument maintain a constant foreground) back- 
ground relationship until the output saturation of the 


hearing aid is reached. For example, when a speech 
signal (foreground) is at 65 dB SPL and the ambient 
noise (background) is 45 dB, this 20-dB difference in 
signal intensity is maintained when amplified by a 
linear system. The hearing-impaired person is not 
compromised relative to foreground/background 
separation. 


However, in a log-linear system, and to some ex- 
tent in other compression devices, foreground/back- 
ground alteration can be considerable in that the 
compression function of the amplifier is intensity- 
specific. That is. all acoustic energies impinging 
upon the microphone of the amplification system 
alter the foreground/ background separation depend- 
ing upon the point at which the compression func- 
tion is activated. This is especially apparent for a log- 
linear device which, in this instance, has its compres- 
sion knee set at 35 dB SPL. Simply stated, input sig- 
nals greater than 35 dB will activate the compression 
function and alter the foreground/background separ- 
ation. 


In rather high ambient noise environments such as 
restaurants, cocktail parties, sporting events, etc, the 
ability to discriminate speech is ordinarily a rather 
difficult task for the user of the log-linear device. 
Complaints of individuals in high ambient situations 
are often that they cannot understand the person 
seated across from them even though they can hear 
other noises or conversations generated at some dis- 
tance. The reason is that the level of the ambient 
noise activates the compression function of the log- 
linear hearing aid thus creating a foreground/back- 
ground distortion. 


The limitation of this type of aid is that the initial 
adaptation takes much more time since the patient is 
now hearing all the sounds in the environment simul- 
taneously. To an ear that has been unaccustomed to 
hearing for five to 20 years to suddenly hear the en- 
tire world with all its mixed signals can be a very 
serious rehabilitation problem. 


Various attempts have been made to reduce prob- 
lems associated with modifying the foreground/back- 
ground separation. Of the several efforts made to re- 
solve this problem those of Goldberg'? have resulted 
in a log-linear hearing aid which incorporates an au- 
tomatic low-frequency signal-processing function 
(Computer Hearing Aid, Dyn-Aura Engineering 
Laboratories, San Diego, Calif.). This particular ap- 
plication will suppress the low-frequency output of 
the hearing aid as a function of the frequency/inten- 
sity changes at the input to the log-linear system. In 
general, as the noise level in any given environment 
increases, the instrument automatically reduces the 
low-frequency output depending upon the overall in- 
tensity of the noise and its frequency distribution. 
The greater the noise level the more attenuation of 
the lower frequency range this instrument provides. 
In quiet there is no attenuation of the lower frequen- 
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cies. This functional concept was derived in part 
from the equal loudness function of the human ear as 
well as the physiologic behavior of the tympanic 
membrane relative to its compliance as a function of 
the signal intensity impinging upon it. 


It is assumed, generally, that the primary function 
of a hearing aid device is that of improving discrim- 
ination of acoustic events for the hearing-impaired 
individual. Such discrimination skills are improved if 
the aided DR of the user of the device is extended. 
The amplification system suggested by Goldberg’ 
provides a means by which a greater DR can be ac- 
complished. Others have made significant contribu- 
tions to advances in hearing aid technology. Certain- 
ly, with the advent of sophisticated signal-processing 
devices capable of specific control of the input/out- 
put function of acoustic events, the probability for a 
more useful hearing aid is high. One’s ability to con- 
trol these input/output functions makes it possible to 
develop a “smart hearing aid” which will provide in- 
formation at a restricted DR which heretofore has 
not been possible. Goldberg’? has proposed that a 
log-linear hearing aid system with appropriate cir- 
cuitry for specialized functions can, indeed, provide 
some of those desired features by incorporating exist- 
ing technology into instrument design. His existing 
prototype device can exercise limited control over the 
low-frequency range. This absolute control of speci- 
fic amplification functions should ultimately permit 
the physician and others to prescribe the acoustic 
performance of the hearing aid based upon the spe- 
cial acoustic needs of the acoustically-deficient per- 
son. It is in this area that the patient with recruit- 
ment problems is best helped. 


CONCLUSION 
The purpose of this paper has been to suggest that 


random, or unreasoned, selection of hearing aids 
does not result in the most efficient amplification sys- 
tem for the patient, especially the recruiting patient. 
It is to be repeated that all hearing-impaired patients 
present with a reduced DR. As such, informed atten- 
tion should be given to the most effective amplifica- 
tion system which ameliorates the problem to the 
greatest extent possible. 


Almost all patients having nontreatable hearing 
loss can benefit from appropriate hearing aid ampli- 
fication. Obviously, all will not benefit equally in 
view of the several and diverse pathological condi- 
tions giving rise to hearing disorders. 


It is not suggested that improving hearing sen- 
sitivity is commensurate with normal discrimination 
ability. Obviously, such is not true. Conversely, 
however, the potential for greater discrimination 
must lie with an appropriate amplification system 
when other avenues of intervention have not proven 
beneficial to the patient. 


SUMMARY 


1. The threshold of discomfort, or the uncomfort- 
able loudness level, should not be violated. 

2. All hearing aids strive to control the output. 

3. Control of the input/output relationship permits 
a maximum control of the acoustical environment. 

4. Suppression of the ambient noise level with a fa- 
vorable signal-to-noise ratio improves the discrimin- 
ation and intelligibility of sound and speech despite 
the ambient noise intrusion. 

5. With particular reference to the patient with a 
recruitment problem it would appear that a log- 
linear device with an automatic low-frequency sig- 
nal-processing circuit can best accomplish this in the 
present state of the art. 
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The modified radical mastoidectomy and intact canal wall mastoidectomy are the two most popular procedures used today for the 
treatment of chronic middle ear and mastoid disease. Their effects on the anatomy of the middle ear and mastoid cavity are quite different 
and it might also be expected that they would modify middle ear sound transmission in different ways. This paper describes experiments 
with human temporal bones and a middle ear computer analog model that attempt to define acoustic differences produced by cavity modi- 
fications in these two procedures. The temporal bone s-udies showed that blocking the aditus (as in modified radical mastoidectomy) pro- 
duced improved sound transmission in the 1,500- to 4,@00-Hz range and decreased transmission below 1,000 Hz when compared to the en- 
larged aditus and enlarged mastoid condition (as in intact canal wall mastoidectomy). The computer model showed better transmission at 
all frequencies with the intact canal wall mastoidectomny simulation. 


INTRODUCTION 


Despite widespread appreciation of the 
mechanics involved in middle ear sound transmis- 
sion, the role of middle ear and mastoid cavity 
resonances is often overlooked by otologists and 
possibly underutilized in the design of otologic pro- 
cedures. Tympanomastoid surgery modifies the 
middle ear cavities in various ways. These modifi- 
cations may have important effects on middle ear 
sound transmission and, ultimately, the p2stsurgi- 
cal hearing threshold. The acoustical effects of cavi- 
ty modification produced by different types of tym- 
panomastoidectomy are difficult to determine 
clinically by comparing preoperative and post- 
operative hearing thresholds because tympanic 
membrane (TM) and ossicular reconstruction often 
are performed as well. The combination of pro- 
cedures obscures the significance of the cavity mo- 
difications in final hearing results. 


Two of the most commonly performed -nastoid- 
ectomy procedures — the modified radical -nastoid- 
ectomy and the intact canal wall mastoidectomy — 
produce markedly different anatomic changes in 
the middle ear and mastoid cavities. The fo-mer op- 
eration closes off the aditus ad antrum, diszonnect- 
ing the mastoid cavity from the middle eer, while 
the latter widely opens the aditus and enlarges the 
mastoid cavity. The acoustical effect of these two 
types of cavity changes would be expected to be 
quite different, all else being equal. 


This paper discusses experiments using fresh 
human temporal bones and a middle ear aralog cir- 
cuit that attempt to define the effect on middle ear 

-sound transmission of anatomical changes in the ear 
cavities similar to those produced by modi=ied rad- 


ical mastoidectomy and intact canal wall mastoid- 
ectomy. 


BACKGROUND 


Studies on human temporal bones? and in live 
subjects** have shown that ossicular vibration in re- 
sponse to a constant sound pressure level (SPL) be- 
gins to roll off above 2,000 Hz. Holographic mea- 
surements of the human TM?" reveal this to be sec- 
ondary to a breaking up of the TM into smaller, in- 
efficient vibrating sections at higher frequencies. 
This roll-off in high-frequency efficiency of the 
middle ear is not always a gradually sloping curve; 
often there is a notch between 3,000 and 4,000 Hz 
with a great deal of individual variation above 
1,500 Hz. This is shown in (Fig. 1) where umbo 
displacement in three fresh human temporal bones 
is measured with a constant SPL of 120 dB at the 
TM. 


A similar middle ear transmission curve exists in 
the cat except that the roll-off begins at a higher fre- 
quency and the notch is present at around 4,500 
Hz.*° The notch is deep, averaging about 12 dB. 


Modification of the ear cavities in the cat has 
significant effects on middle ear function. Experi- 
ments by Lynch’ using admittance measurements at 
the TM have shown that blocking the foramen be- 
tween the bulla and middle ear cavity eliminates 
the 4,500-Hz notch and decreases TM admittance 
by about 3 dB below 2,000 Hz. Removing the sep- 
tum between the middle ear and bulla and opening 
the combined cavity to the outside also eliminates 
the 4,500-Hz notch and improves TM admittance 
below 2,000 Hz by 3 dB. Tympanic membrane ad- 
mittance measurements correlate well with umbo 
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Fig. 1. Peak-to-peak umbo displacement measurements in 
three human temporal bones for constant sound pressure 
level of 120 dB at TM. Measurements were made at 
200-Hz intervals for frequency range 500 to 6,000 Hz. Dot- 
ted line represents umbo displacement curve roduced by 
Zwislocki middle ear analog. Reference point for this curve 
was arbitrarily set at 15 um for 500 Hz. 


velocity produced by a constant SPL at the TM and 
in the cat can be considered as an indirect measure- 
ment of sound transmission across the middle ear.® 


The cat ear cavities appear to act acoustically as 
an impedance in series with the TM and ossicles. At 
low frequencies the impedance of the cavities is 
equivalent to the volume of the two cavities. At 
higher frequencies, the foramen acoustically closes 
and the impedance is that of the middle ear cavity 
alone. The notch at 4,500 Hz is thought to be due to 
the resonance of the cavities’ compliance and iner- 
tance of the foramen. Blocking or widely opening 
the foramen would therefore be expected to elimin- 
ate the notch — the major acoustical effect of these 


Fig. 2. Zwislocki electronic middle ear 
analog. Five-component section in upper 
left of figure represents middle ear and 
mastoid cavities. La - 14 mH, Ra - 10 Q, 
Cp - 5.1 mF, Rm - 500 Q, Ct - 0.35 mF. 





anatomical manipulations. Blocking the foramen 
also eliminates the compliance of the larger bulla 
cavity thus stiffening the TM and decreasing low- 
frequency transmission, while enlarging the fora- 
men and opening the bulla to the outside increases 
the cavity compliance, decreases TM stiffness and 
improves the low-frequency response. 


Very little information is available on the effect 
of cavity modification in the human as compared to 
the cat. In man, the middle ear cavity averages 0.5 
cc, while the mastoid cavity averages 8.6 cc with a 
wide range from 2.1 to 17.44 cc.? The human mas- 
toid cavity consists almost entirely of pneumatic 
cells except for an antral cavity about 1 cc in vol- 
ume. The cat middle ear has an average volume of 
0.217 ce while the bulla averages 0.675 cc and is a 
single smooth-walled cavity. The foramen between 
the two is small and short, about 1 mm in diameter 
by 1 mm long, and is quite different from the hu- 
man aditus ad antrum.”™*? It is apparent that the 
anatomy of the cat ear cavities is less complex than 
that of humans; only the middle ear cavities are 
similar, except that the volume in the human is 
about twice that of the cat. 


Onchi!! studied middle ear sound transmission in 
three human temporal bones after aditus blockage 
and stated: “The antrum and mastoid cells increase 
the displacement of the tympanic membrane below 
1,000 cps and decrease it in a frequency range of 
1,000 to 3,000 cps. However, such an effect is 
within 10 dB.” The temporal bones in his study had 
higher impedances than normal, raising the ques- 
tion of postmortem artifacts. To our knowledge, no 
data exist on the effect of enlarging the cavities on 
sound transmission in humans. 


Since blocking the aditus mimics the middle ear 
cavity status after modified radical mastoidectomy, 
and enlarging the aditus and mastoid cavity simu- 
lates the cavity status following intact canal wall 
mastoidectomy, it would be of interest to the oto- 
logic surgeon to know the acoustical effect of these 
modifications. 


The effect of cavity changes on sound transmis- 
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Fig. 3. Stapes volume velocity as predicted by Zwislocki 
analog for a constant SPL at TM in ear with normel cavi- 
ties. Velocity at 1,000 Hz arbitrarily set as 0-dB reference. 
V, - Middle ear volume; V, - Mastoid volume. 


sion in humans can also be studied using € middle 
ear electronic analog as described by Zwislocki? 
(Fig. 2). The middle ear and mastoid cavities are 
considered in the analog as two parallel capaci- 
tances. The smaller capacitance (Ct) represents the 
compliance of the middle ear volume (0.5 cc) while 
the larger (Cp) represents the compliance of an 
average mastoid cavity (8 cc). The aditus is repre- 
sented as an inductance (La) and resistance (Ra) 
while sound absorption in the walls of the middle 


ear cavity and eustachian tube is represented by 
Rm. 


In its usual form the analog circuit uses a constant 
voltage as the input, which represents a constant 
SPL at the TM. The output is the current “hrough 
the cochlear portion of the circuit, which represents 
stapes velocity. Figure 3 shows a transmissicn curve 
produced by the circuit in Figure 2 for a normal 
middle ear with normal cavities. Output car. also be 
converted to peak-to-peak umbo displacement so 
that it can be compared with measurements ob- 
tained in the temporal bones. (Measurement for the 
circuit in Figure 2 is shown as the dotted line in 
Figure 1). By modifying the values in the cavity sec- 
tion of the circuit, the effects of aditus blockage and 
cavity enlargement can be assessed. 


METHODS 
TEMPORAL BONE STUDIES 


Umbo displacement in response to a constant SPL at the TM 
was the parameter used to measure middle ear sound transmis- 
sion. In humans, umbo displacement is almost identical to stapes 
displacement' since the lever ratio between the umbo and lenti- 
cular process of the incus is low (1:3 to 1) and the ossicles move as 
a unit. Human cadaver temporal bones were obtained within 24 
hours of death and tested within six days. The bones were in- 
spected to rule out ear pathology and stored in 1:10,000 thimersal 
(Merthiolate) solution at 5°C as described by Onchi."' Using an 
American Electromedics model 83 impedance bridge, static com- 
pliance at 220 Hz was measured just prior to testing; bones that 
did not meet normal criteria were not used. Before testing, the 
bone’s exterior was sealed with methylmethacrylate amd a thin 
coat of safflower oil placed on the TM. 


The bone was placed in a temporal bone holder attached to a 
heavy metal plate and a Mylar mirror (diameter 1.5 mm, weight 
0.44 mg) glued to the umbo using cyanoacrylate adhesive. A 
l-mm hole was drilled in the wall of the bony external auditory 
canal (EAC) 3 mm from the TM, and a 2.5 cm length of PE 60 
tubing was placed through the hole and connected to a Briiel and 
Kjaer (B & K) model 4170 probe microphone. A separate 10-mm 
opening was made in the anterior wall of the bony EAC so that 
the displacement measuring probe could be directly focused on 
the umbo mirror in its usual plane of vibration. 


The noncontacting optical measuring device used to measure 
umbo displacement was a KD100 Fotonic sensor with KD-110] 
plug-in, a 109R fiberoptic probe and KD-LS-3 optical extender 
(Mechanical Technology Inc, Latham, NY).'? The optical ex- 
tender allowed umbo displacement measurements to be made at a 
distance of 3 cm from the TM when focused on the umbo mirror 
through the hole in the anterior wall of the EAC. The probe and 
optical extender were held in a Mitutoyo micromanipulator capa- 
ble of 1-um movements. 


The Fotonic sensor’s output passed through a narrow band (3 
Hz) B & K model 2020 slave filter to a Princton applied research 
model 5204 lock-in analyzer which provided the readout. All 
readouts were converted to peak-to-peak umbo displacement. 


The measuring device works in the following way: light pro- 
duced by a source within the unit passes out sending fibers in the 
fiberoptic probe onto a reflective target attached to the object of 
interest. At a critical probe-target distance (focal point) a maxi- 
mum amount of light is reflected back into light-receiving fibers 
within the probe. A photo-FET compares the reflected light with 
the transmitted light and produces a DC-voltage equivalent to the 
net amount of light. Thus, a null is produced at the focal point 
(maximum light reflected into receiving fibers) which is about 30 
mm away when the optical extender is placed on the probe. Slight 
changes of probe-target distance produce a decrease in the 
amount of reflected light entering the probe and increase the 
voltage output until a peak is reached at about 30.7 mm. Halfway 
between these two points, 700 pm apart, is a linear, very sensitive 
measurement range which produces an output of about 1 mV for 
0.1-um changes under optimum conditions. 


Before each measurement the system was calibrated with the 
micromanipulator as well as with a B & K model 4290 acceler- 
ometer calibrator; accuracy was within + 2 dB in the 0.1- to 
15-um range using this method. Measurements of umbo displace- 
ment were made at 200-Hz intervals from 500 to 7,000 Hz at 110 
and 120 dB SPL at the TM. 


The sound source was a University ID-40T speaker driver with 
a 0.3-m long, 2-cm internal diameter rubber tube connected into 
the EAC via a speculum. The speaker was driven byaB& K 
model 1027 beat frequency oscillator (BF O) synchronized with 
the slave filter. The SPL at the TM was controlled by the probe 
microphone in the ear canal. Output was passed to a B & K model 
2603 voltmeter and then back to the BFO. A second probe micro- 
phone connected to a B & K model 2606 voltmeter monitored 
middle ear cavity SPL. The probe microphones were calibrated in 
a B & K microphone calibrator. All tests were done in an IAC 
single-wall sound-treated room. 


Two basic modifications of the mastoid and middle ear Cavities 
were studied in the temporal bones: 


Blocked Aditus (modified radical mastoidectomy experiment). 
Three temporal bones were studied. After initial baseline umbo 
displacement measurements the aditus ad antrum was blocked 
with a saline-filled balloon (Fogarty catheter) inserted through a 
hole in the tegmen made prior to the measurements and closed 
with clay. The balloon was inflated, the tegmen hole closed with 
clay and the measurements repeated. Measurements of the cavity 
volume were made with the impedance bridge through the teg- 
men hole after filling the EAC with clay. 


Enlarged Aditus and Mastoid Cavity (intact canal wall experi- 
ment). In two temporal bones, the aditus ad antrum and facial 
recess were widely opened by the usual surgical approach. The 
mastoid cavity air cells were drilled out to provide a total cavity 
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Fig. 4. Peak-to-peak umbo displacement, aditus opened v 
closed in human temporal bone 1, middle ear volume 0.6 
cc. SPL at TM is 120 dB. 


volume of 6 cc and the external opening into the mastoid sealed 
with clay. The volume was determined with the impedance 
bridge as noted previously. Baseline measurements of umbo dis- 
placement were obtained, then the connection between the mid- 
dle ear and mastoid cavity was blocked with clay and the mea- 
surements repeated. Clay was substituted for the balloon in these 
bones because it was found easier to use. The balloon and clay ap- 
peared to provide equally effective aditus blockage as determined 
in several temporal bones by mastoid cavity SPL measurements 
for known middle ear SPL. In one additional temporal bone, the 
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Fig. 5. Peak-to-peak umbo displacement, aditus open v 
closed in human temporal bone 2, middle ear volume 0.66 
ce. 
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Fig. 6. Peak-to-peak umbo displacement, aditus open v 
closed in human temporal bone 3. Curves for 110 and 120 
dB SPL at TM are shown. Noise floor was at 0.3 um. Mid- 
dle ear volume 0.7 cc. 


mastoid cavity was widely opened to the outside without modify- 
ing the aditus and umbo displacement measured. The aditus was 
then blocked with clay and the measurements repeated. 


Over 20 bones were used to perfect the measurement technique 
and an additional 20 bones were evaluted to obtain the 6 bones 
described in this study. Bones were unable to be used because of 
middle ear abnormalities, problems in performing the surgery or 
problems making the measurements. 


COMPUTER ANALOG SIMULATION 


The cavity modifications performed on the temporal bones 
were also simulated on an IBM 3081 computer and a Versatec 
plotter using the circuit of Figure 2. For the blocked aditus 
(modified radical simulation), Ra was made infinitely high 
(10Q). For the enlarged cavity (intact canal wall simulation) Ra 
was raised to 10'2Q and Ct increased to 4.2 „F, equivalent to one 
large cavity of 6 cc. 


RESULTS 
TEMPORAL BONE STUDIES 


The effect of blocking the aditus on umbo dis- 
placement, as compared to the normal state, is 
shown in Figures 4 to 6. Blocking the aditus de- 
creased displacement in the lower frequencies be- 
low 1,500 Hz in two bones and increased it in one. 
Displacement in the midfrequencies was increased 
by aditus blockage with peak improvement found 
between 1,500 and 2,500 Hz. The notch at 3,000 to 
4,000 Hz was not eliminated by blockage. 


The effect of opening the aditus and facial recess 
widely, as in an intact canal wall mastoidectomy, is 
shown in Figures 7 and 8. The umbo displacement 
measurements for the widely open aditus and mas- 
toid were compared with measurements made after 
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Fig. 7. Peak-to-peak umbo displacement, enlarged mas- 
toid cavity, aed facial recess and aditus v blocked adi- 
tus and recess in human temporal bone 4. 120 dB SPL. 


the opening was blocked with clay. The data ob- 
tained in these two bones allowed direct com- 
parison of the aditus blocked v aditus widely open 
and mastoid cavity enlarged condition. Blockage of 
the enlarged aditus decreased umbo displacement 
in the lower frequencies, but in the mid-to-higher 
frequencies, displacement was increased by aditus 


closure. This was particularly marked in bone 4 
Fig. 7). 


The effect of widely opening the mastoid cavity 
to the outside in an otherwise normal bore, com- 
pared with the aditus blocked in the same bone, is 
shown in Figure 9. Opening the mastoid cavity pro- 
duced a second notch in umbo displacement at 
1,500 Hz but did not eliminate the 2,000 to 
4,000-Hz notch. Blocking the aditus decreased low- 
frequency umbo displacement and eliminated the 
1,500-Hz notch, but did not change the notch at 
3,000 to 4,000 Hz. 


COMPUTER ANALOG SIMULATION 


The curves produced by the Zwislocki m:ddle ear 
analog plot stapes volume velocity in decibels for a 
constant SPL at the TM from 100 to 10,000 Hz. The 
0-dB reference was the volume velocity at 1,000 Hz 
in the normal cavity arrangement. Since the tem- 
poral bone measurements are of umbo displace- 
ment, the computer results must be converted into 
umbo displacement for comparison purposes. This 
has been done for the normal cavity arrangement 
and is shown as the dotted line in Figure 1. 
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Fig. 8. Peak-to-peak umbo displacement, enlarged mas- 
toid cavity, are ae facial recess and aditus v blocked adi- 
tus and recess in human temporal bone 5. 120 dB SPL. 


Modified Radical Simulation. The effect of 
blocking the aditus ad antrum in the analog is 
shown in Figure 10. Compared with the normal ca- 
vity simulation (Fig. 3) there is a decrease in stapes 
volume velocity from 200 to 2,000 Hz, reaching 7 
dB at around 1,000 Hz. The 2,500-Hz notch is elim- 
inated with improvement between 2,000 to 5,000 
Hz, reaching a maximum of 5 dB at 2,500 Hz. 


Intact Canal Wall Simulation. The effect of en- 
larging the middle ear cavity to 6.0 cc so that it 
mimics the intact canal wall condition is shown in 
Figure 11. The curve is identical to the normal cavi- 
ty arrangement up to 1,500 Hz. Between 1,500 and 
5,000 Hz there is improved transmission reaching a 
peak of 9 dB at 2,500 Hz. The intact canal simula- 
tion is compared on the same graph with the modi- 
fied radical in Figure 12, demonstrating the acous- 
tical advantages of the former over the latter in the 
computer simulation. 


In Figure 13, the output of the computer simula- 
tions have been converted from stapes volume vel- 
ocity to peak-to-peak umbo displacement for easier 
comparison with the temporal bone experiments. 


DISCUSSION 


It appears from the temporal bone experiments 
that blocking the aditus improves middle ear sound 
transmission in the 1,500- to 3,000-Hz range when 
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Fig. 9. Peak-to-peak umbo displacement in bone 6 with 
mastoid cavity widely opened to outside, aditus open v 
closed. 120 dB SPL at TM. 


compared to the normal ear. Below 1,500 Hz, 
blocking the aditus decreased transmission in two 
bones and increased transmission in one bone. The 
effects were small, less than 10 dB. Interestingly, 
the 3,000- to 4,000-Hz notch, seen in many bones, 
was not affected by aditus blockage. In this respect 
the human appears different from the cat. As pre- 
viously noted, there are significant anatomic dif- 
ferences between the ear cavities of man and cat, so 
that the transmission notch seen in both species may 
have different acoustical explanations. 


The enlarged aditus and mastoid cavity condition 
provided better low-frequency sound transmission 
than the aditus closed situation, but in the impor- 
tant frequency range 1,500 to 4,000 Hz, transmis- 
sion was better with the aditus closed. 


Because of the small number of bones studied and 
the individual variations between bones, any con- 
clusions regarding the clinical significance of the 
temporal bone results must be made cautiously. It 
does appear that blocking the aditus, such as occurs 
during modified radical mastoidectomy, is not 
acoustically detrimental and may actually be bene- 
ficial in the 1,500- to 4,000-Hz range when com- 
pared with the intact canal wall mastoidectomy, 
everything else being equal. For the low frequencies 
below 1,000 Hz, the latter procedure appears pre- 
ferable. 


The computer analog results did not correlate 
well with the temporal bone results. The analog 
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Fig. 10. Modified radical mastoidectomy. Effect of block- 
ing aditus on stapes volume velocity as predicted by Zwis- 
locki model. V, - Middle ear volume. 


predicted optimal transmission with the intact 
canal wall mastoidectomy as well as elimination of 
the notch in both the intact canal wall and modified 
radical mastoidectomy simulation. There are sever- 
al possible reasons for this. Zwislocki’s model was 
primarily based on impedance measurements and 
he felt the data supporting the model was weak 
above 2,000 Hz.° The modeling of the mastoid cavi- 
ty with a single capacitance (Cp) would be appro- 
priate for the cat but not for man and the rationale 
for Rm is unclear; a better model is needed. Fur- 
thermore, the intact canal wall mastoidectomy was 
modeled as one large cavity of 6 cc while in the tem- 
poral bone; the situation was a normal middle ear 
cavity connected by an enlarged aditus and facial 
recess to a drilled-out mastoid with a total volume 
of 6 cc. The enlargement of the aditus and facial re- 
cess produced an opening between the two cavities 
about three times the normal diameter. Therefore, 
the computer simulation and temporal bone ex- 
periments may not be acoustically equivalent. 
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Fig. 11. Intact canal wall mastoidectomy. Effect of block- 
ing aditus and enlarging middle ear cavity to 6 cc on stapes 
volume velocity as predicted by Zwislocki model. V, - Mid- 
dle ear volume; V2 - Mastoid volume. 
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Fig. 12. Curves of Figs. 10 and 11 compared. 


Accurate measurements of the modified anatomy 
of the two bones used in the intact canal wall mas- 
toidectomy studies are currently being obtained 
with a CT scanner in order to better understand the 
exact changes produced and improve futur2 model- 
ing. In addition, the umbo displacement measure- 
ments are being compared with the middle ear SPL 
measurements to correlate TM displacement with 
the sound pressure difference across the TM. The 
results will be reported in a later paper. 


When using human cadaver material, the ques- 
tion of postmortem artifacts must be addressed as a 
reason for the differences between the temporal 
bone, cat and model results. Onchi’s!! temporal 
bone impedance data showed an increase in reac- 
tance at low frequencies when compared to living 
subjects; no differences were present above 1,000 
Hz. Postmortem changes have also been seen in cat 
experiments’? and in situ temporal bone im>edance 
measurements.'? While the usual cause of these ar- 
tifacts is drying, the in situ data of Zwislocki and 
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Fig. 13. Results of Zwislocki model simulations converted 
from stapes volume velocity to peak-to-peak umbo dis- 
placement. Reference point is 15 zm at 500 Hz for normal 
middle ear. 


Feldman” was undoubtedly influenced by postmor- 
tem negative middle ear pressures. We feel the use 
of careful microscopic inspection, impedance 
bridge screening and care in keeping the middle ear 
structures moist and lubricated minimized the 
likelihood of artifacts in these experiments. Fur- 
thermore, the umbo displacement curves obtained 
in our normal temporal bones are very similar to 
those obtained by Lékberg et al in live subjects.‘ 
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THE HOMOGRAFT TYMPANIC MEMBRANE AFTER 12 YEARS 


ROGER E. WEHRS, MD 


TULSA, OKLAHOMA 


The homograft tympanic membrane has been utilized in reconstructive middle ear surgery since 1968. Previous reports describing its 
preservation and use were published in 1971, 1972, 1976 and 1978. Throughout this time the same preservative of 70 % ethyl alcohol and 
the same surgical technique of covering the transplant with canal skin or fascia has been employed. These transplants have been used to 
supplement, not replace, other grafting tissues, and to improve the graft-take rate and hearing results. The graft-take rate has averaged 
over 90% for the past 12 years and 98% for the past 5 years. The hearing results have been satisfactory in 69 to 95% of the cases depending 
on the associated ossicular reconstruction. Furthermore these results have been consistent and have not deteriorated with the passage of 


time. 


INTRODUCTION 


Homograft tympanic membranes obtained from 
fresh unembalmed cadavers and preserved in 95 % 
ethyl alcohol have been utilized routinely in recon- 
structive middle ear surgery since 1968. These 
transplants were not used as the primary grafting 
material but rather as a supporting matrix and have 
always been covered with living tissue in the form 
of canal skin or fascia. This technique which was 
first reported in detail in 1971 has changed very lit- 
tle over the years attesting to the durability of the 
method. In 1978 an extensive review of the hearing 
and anatomical results was reported.’ This study 
reviews and compares those first seven years with 
the last five as well as looking at some long-term 
results. 

The first homograft tympanic membrane was 
used in a 35-year-old male in October 1965. This 
patient had previously undergone bilateral radical 
mastoidectomies with several revisions and all ossi- 
cular tissue had been removed. In this case the 
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homograft tympanic membrane was employed to 
support the homograft malleus in anatomical posi- 
tion, an indication that is still in use today. At this 
time in history the homograft incus had been suc- 
cessfully employed in several ears so there was no 
hesitancy in using another transplant bone; how- 
ever, the fate and reaction of the homograft mem- 
branous eardrum was unknown. Therefore the fi- 
brous annulus was removed from the homograft 
tympanic membrane in order that a minimum of 
foreign tissue would be introduced. (In subsequent 
years it has been discovered that the human body 
tolerates this dead tissue very well and replaces it 
with living tissue, therefore the fibrous annulus is 
now preserved and used over the patient's drum 
remnant.) The hearing mechanism was recon- 
structed with a homograft incus body with its short 
process on the stapedial footplate. These transplants 
were then covered with temporalis fascia. Fortun- 
ately the patient obtained a good result and still has 
serviceable hearing today (Fig. 1A, B). 
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Fig. 1. Audiograms of first patient in 
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whom homograft tympanic membrane 
with malleus was used in reconstruction. 
A) Preoperative. B) Postoperative, after 
16 years. 
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Presented at the meeting of the American Otological Society, Inc., Palm Beach, Florida, May 2-3, 1982. 
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Fig. 2. Reconstruction of sound pressure mechan:sm. A) 
Stapes is intact. Homograft notched incus with short pro- 
cess is inserted flat under malleus (left) then moved upright 
to final position (right). B) Reconstruction directly to the 
supedial footplate. Notched incus with long process is 
placed on promontory off tip of malleus (left), then raised 
to upright final position (right). m - Malleus: i - Incus: s - 
Stapes. 


Although there was sporadic use of the homograft 
tympanic membrane in the next two years, it was 
not until the publication of a preliminary report by 
Glasscock and House? that interest was rekindled 
and its use became routine. The first report of 40 
cases was published in 1971.’ Subsequent reports 
were published in 1972, 1976,5 and 1977.6 This 
study includes 300 ears and covers the years of 1976 
through 1980, for a total of 920 ears to date. 


Alcohol Preservation of Homografts. Homograft 
temporal bone cores are obtained from fresh unem- 
balmed cadavers. These are placed in a plastic bag 
filled with water and frozen and they may be kept 
in the freezer for several months. At a convenient 
time the bones are thawed in cold running water 
and harvested. The epithelial layer is removed from 
the tympanic membrane and the fibrous anaulus is 
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Fig. 3. Placing the homograft tympanic membrane. Note 
how cone shape of homograft drumhead contacts tip of pa- 
tient’s malleus. 


removed from the bony annulus. The tensor tym- 
pani tendon is cut, the incudomallear joint sepa- 
rated, and the homograft tympanic membrane with 
attached malleus is removed. These structures are 
transferred to bottles containing 70% ethyl alcohol 
and stored until needed in surgery. The alcohol is 
changed every two weeks to compensate for evapo- 
ration. 


No sterile technique is required until the homo- 
grafts are needed in surgery. At that time the circu- 
lating nurse removes the lid from the bottle and the 
scrub nurse removes the homograft with a sterile in- 
strument. It is immediately put through several 
rinsings of Ringer’s lactate solution to remove the 
alcohol and it is then ready for use in the patient. 


SURGICAL TECHNIQUE 


This technique, published in detail previously, ™>-5 differs from 
that described by others in that the homograft tympanic mem- 
brane is always covered with living tissue, usually the canal skin. 
Most procedures are performed entirely through the ear canal 
with the canal skin being reintroduced as a graft over the homo- 
graft drumhead. However, if the operation is combined with a 
mastoidectomy and carried out through a postauricular incision, 
then a fascial graft is placed over the homograft tympanic mem- 
brane. If the patient's malleus is usable. the homograft malleus is 
removed from the transplant drumhead and only the homograft 
tympanic membrane is utilized. However, if the malleus is 
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Fig. 4. Overall hearing results A) at six 
weeks and B) at six months with homo- 
graft tympanic membrane. 
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Fig. 5. Hearing results at six months when homograft tym- 
panic membrane used over an intact and mobile ossicular 
chain. 


eroded, involved in cholesteatoma or otherwise unsuitable, the 
homograft tympanic membrane and attached malleus become the 
main building block for the middle ear reconstruction. 


When the patient’s incus is also unfit for use, the middle ear is 
rebuilt with the homograft notched incus. If the stapes is intact 
the reconstruction is carried out with the homograft notched in- 
cus with short process. Here the cup created in the body of the in- 
cus fits over the stapedial head and the notch in the short process 
locks under the malleus (Fig. 2A). When the stapes superstructure 
is absent reconstruction is accomplished with the homograft 
notched incus with long process (Fig. 2B). In this instance the long 
process rests on the footplate and the prosthesis is stabilized by the 
malleus passing over the notch in the short process. 


RESULTS 


Anatomical. The new drumhead resulting from 
the above-described technique is thicker and more 
vascular than the normal tympanic membrane but 
this does not appear to affect its function. When the 
canal skin is placed over the homograft tympanic 
membrane it extends to but does not turn up on the 
anterior canal wall so as to preserve the acute angle 
so important to a good hearing result. Also if the 
ossicular chain is intact the umbo of the homograft 
contacts the tip of the patient’s malleus thus re- 
establishing the cone shape of the normal tympanic 
membrane (Fig. 3). 


The graft-take rate has averaged 98% over the 
past five years. When breakdown does occur it is us- 
ually due to infection within the first week or two 
following surgery. The graft has very little tendency 
to thin out and any late breakdown is due to a re- 
tained epithelial cyst. 
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CATEGORIES OF AUDIOMETRIC RESULTS 
OF TYMPANOPLASTY 
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Hearing Air-bone Gap (dB) 
Excellent —10 to 0 
Good 0 to 10 
Fair 10 to 20 
Poor 20 to 50 
Satisfactory — 10 to 20 


The audiometric results reported on the bar graphs correspond to these 
five categories. 


Revision for a small perforation is usually carried 
out by raising a tympanomeatal flap and elevating 
just the epithelial layer of the remaining graft with 
the flap. When elevation has been obtained for a 
few millimeters around the perforation, a disc of 
homograft dura is placed over the drum remnant, 
and the flap and epithelial layer are then replaced. 
The dura can be seen shining through where the 
perforation had been. If the perforation is large and 
the canal skin which has regrown is of good char- 
acter then the original procedure may be repeated. 
Another alternative is repair with a fascial graft. 


Hearing. One of the most important criteria of a 
successful tympanoplasty is the hearing result ob- 
tained by the patient. These results therefore will be 
considered in detail (table). 


The air-bone gap referred to in the text and 
graphs represents the difference between the post- 
operative air conduction and the preoperative bone 
conduction for the three speech frequencies. This 
format has for years been the one used for calculat- 
ing the hearing results in otosclerosis as well as in 
tympanoplasty. One criticism of this method is that 
in some instances there is apparent overclosure of 
the air-bone gap. This is of course not possible. 
However, something has happened to produce this 
effect and it would seem to be that we have changed 
the dynamics of the conductive transformer mecha- 
nism of the operated ear. If this phenomenon can be 
shown to occur consistently and in a high percen- 
tage of postoperative cases, then that particular 
surgical technique may be changing the dynamics 
of the hearing mechanism in a beneficial way and 
should bear further investigation. 


During the 5-year period of 1976 through 1980 a 
total of 300 ears were reconstructed with the homo- 
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Fig. 6. Hearing results at six months with 
homograft tympanic membrane and ho- 
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mograft notched incus A) with short pro- 
cess; B) with long process. 
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Fig. 7. Hearing results at six weeks with homogreft tym- 
panic membrane with homograft malleus and homograft 
notched incus. 


graft tympanic membrane. This figure includes all 
cases in which a transplant drumhead was employed 
in the reconstruction regardless of the associated pa- 


thology. 


The first postoperative hearing test six weeks fol- 
lowing surgery demonstrates that 85% of those 
tested had closed the air-bone gap by 20 dB or less 
(Fig. 4A). Further breakdown of the graph shows 
that 31% fell in the excellent category. The good 
column was represented by 39% and the failure 
rate was 16%. At six months postoperatively the 
satisfactory column had improved slightly to 87% 
with only minor variations in the other categories 
(Fig. 4B). 


Figure 5 represents those patients in whom the 
ossicular chain was intact and mobile. As might be 
suspected the results were satisfactory with 95% of 
the ears tested six months following surgery 
classified as satisfactory. The excellent category was 
38% with the good column being 45% and the fair 
one totaling only 13% . The failure rate was 5%. 


Reconstruction using the notched incus with 
short process is shown in Figure 6A. Here the first 
column representing the excellent results reached 
37%. Good results were 28% and the most impor- 
tant column, satisfactory, was listed as 85% with 
15% considered as failures. 
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Fig. 8. Overall hearing results at one year in the present 
series with homograft tympanic membrane. 
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Fig. 9. Overall hearing results at five years with homograft 
tympanic membrane. Includes both past and present 
series. 


Figure 6B depicts the hearing levels in those cases 
where the stapes superstructure was absent and the 
notched incus with long process was employed with 
the homograft tympanic membrane. Here the excel- 
lent category reached 40% but this was balanced 
out by a high failure rate of 18% so that the satis- 
factory column was only 83%. 


The audiometric findings in the two preceding 
figures are probably tied more closely to the ossi- 
cular reconstruction than to the type of graft. 


The homograft tympanic membrane with at- 
tached homograft malleus was also used to recon- 
struct 61 ears in which the patient’s own malleus 
was missing or so extensively involved in disease 
that it could not be utilized. Reconstruction to the 
inner ear was carried out with the homograft 
notched incudi. The hearing results for these cases 
are given in Figure 7. Eleven ears or 18% of the 
total overclosed the air-bone gap by 0 to 10 dB. The 
percentage of patients reaching a satisfactory level 
stood at 69% with a failure column of 31%. 


Now let us turn our attention once again to the 
overall long-term results of those cases in which a 
homograft drumhead was utilized regardless of the 
status of the ossicular chain or mastoid. Figure 8 
tabulates the hearing results after one year in the 
present series. Of 129 patients who returned for au- 
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Fig. 10. Overall hearing results after ten years with homo- 
graft tympanic membrane. Includes both past and present 
series. 
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diometric testing 10 patients (8%) exhibited an air- 
bone gap of greater than 20 dB and thus were con- 
sidered failures. The satisfactory rate therefore rep- 
resented 119 ears or 92% of the total. It was also 
gratifying to see more cases shifted to the excellent 
category with a reading of 42%. 


The long-term hearing results are an important 
part of evaluating any grafting technique. Figures 9 
and 10 list the audiometric findings for the 5-and 
10-year intervals after the initial surgery. As noted 
in the graphs the improvement in hearing appears 
to be maintained with the satisfactory column being 
86% at five years postoperatively and 87% after 
ten. The failure rates were 14% and 13% respec- 
tively. 


Let us now compare the hearing results for the 
past series (1969-1975) with the present series (Fig. 
11). These comparisons are for the intact ossicular 
chain, those cases in which the patient’s malleus 
was used, and those utilizing the homograft malleus 
as well as the homograft tympanic membrane. As 
can be seen by the graphs they are almost identical. 
This would appear to indicate that even though 
progress had been made in shifting some of the fair 
and good results to the excellent category the overall 





Fig. 11. Comparison of hearing results A) of past 
series (1970-1975) with B) present one (1976-1980). 
All cases met the satisfactory criteria of — 10 to 20 
dB air-bone gap one year postoperatively. a - Intact 
chain: b - Patient's malleus; c - Homograft malleus. 





failure rate remains unchanged. 


CONCLUSIONS 


The homograft tympanic membrane in conjunc- 
tion with a tissue graft, usually canal skin, has 
proven to give satisfactory and consistent results in 
tympanoplasty. The graft-take rate has averaged 
over 90% for the past 12 years and 98 % for the past 
5 years. 


The hearing results have been satisfactory in 69 to 
95% of the cases depending on the associated ossi- 
cular reconstruction. Furthermore these results 
have been consistent and have not deteriorated over 
the longer term. Over the past five years progress 
has been made in that more of the fair and good 
results have been shifted to the excellent category, 
but the failure rate of 10-15% has not changed over 
the years even with modifications of technique. It is 
within this area that the greatest challenge exists for 
the future. However, at the present time the surgi- 
cal technique herein described appears to yield 
equal if not superior results to contemporary pro- 
cedures especially in the area of hearing improve- 
ment. 
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LYOPHILIZED PARTIAL OSSICULAR REPLACEMENT ALLOGRAFTS 


MANSFIELD F. W. SMITH, MD JOHN T. MCELVEEN, MD 
STANFORD, CALIFORNIA 


This report deals with the use of partial ossicular rsplacement allografts (PORAs) in the stable ear, ie, a middle ear free of any residual 
or recurrent disease process such as fluid, cholesteatoma or infection. PORAs have been used by Shinn‘and Smith at the Ear Medical Clinic 
of Santa Clara Valley between July 1978 and December 1981; they are used to span the distance between the malleus and the head of the 
stapes or tympanic membrane. Lyophilized ethylene caide sterilized PORAs have been available through the Northern California Trans- 
plant Bank, San Francisco, since July 1978. Twenty-fcur of 32 PORAs (75 %) used in stable ears closed the air-bone gap within 10 dB. Of 
the eight ears that did not have satisfactory functional hearing, it was evident within one year and there was no further deterioration noted 
up to four years. There was no evidence of PORA extrusion or erosion. 


Since the 1901 report of Matte’ of a myrirgostape- excellent results.‘ However, in a 1982 long-term 
diopexy, numerous methods have been employed to study by Smyth,"* a 57% failure rate in hearing 
bridge the gap between the tympanic membrane restoration was noted with the use of PORPs (par- 
and the labyrinthine fluids. Initial reconstructive tial ossicular replacement prostheses) and further, 
efforts, such as those of Hall and Rytzner™ focused the proportion of unsatisfactory results increased 
on the use of autogenous materials. Jansen? and with the passage of time. Smyth also reported an 
House et al* utilized homologous cartilage and 11% extrusion rate. Kerr’ has recently reported 
ossicles, respectively, in the reconstruction of the electron microscope evidence of giant cell digestion 
ossicular chain. of porous polyethylene when used as an ossicular 


Despite many excellent short- and long--erm re- replacement in the human middle ear. 


sults®* with autogenous and homologous prostheses, There is a paucity of long-term reports with any 
the success of polyethylene and Teflon pistons in type of ossicular chain reconstruction. It is evident 
stapes surgery focused attention on the potential that there have been a number of changes in tech- 
role of synthetic biocompatible materials in ossicu- niques and materials in ossicular reconstruction but 
lar chain reconstruction. The otologic literature of with few reports as to why. Figure 1 gives some in- 
the early 1960s contains a number of case reports dication of the changing trends in ossicular chain 
outlining the use of polyethylene prostheses of vari- reconstruction. The analysis is based on the number 
ous shapes and sizes in the restoration of ossicular of papers written about each type of ossicular re- 
continuity.”® Interspersed with these articles are constructive material in five-year blocks over 25 
reports of early and late extrusions, especially in years. The materials considered are ossicles, bone, 
cases requiring contact of the prosthesis with the cartilage, and three synthetic materials — poly- 
tympanic membrane or graft.®° ethylene, Proplast and Plastipore. 

Freeze-dried otologic orthotopic allografts, with 
their superior mechanical design and minimal phy- 
siochemical alteration of donor tissue, offer an at- 
tractive alternative to the use of alloplasts and 


come the problems of displacement, extrusion, and chemically-fixed or heat-processed ossicular grafts. 
absorption.” Although one-year follow-ur studies The advantages of allograft bone over alloplastic 
revealed only a 2% extrusion rate, this matecial was materials (metals/ plastics) depend upon host accep- 
supplanted in 1978 by a high density polyethylene tance and viability of the implant. Paay is 
sponge prosthesis (Plastipore) which, according to evident in the variety of techniques which exist for 
Shea and Emmett, “was superior to the prosthesis processing ossicular grafts, including autoclaving, 
made of Proplast.” ? freezing, freeze-drying, organic mercurials, for- 
malin and alcohol. Based on animal and clinical re- 
Despite encouraging short-term results, problems search, freeze-dried bone and fibrous tissue are 
with extrusion persisted. Placement of cartilage stable transplants when stored in vacuum, function 
between the prosthesis and the tympanic membrane similarly to an autograft and retain their original 
to prevent extrusion has been suggested by a num- molecular structure. Grafts can be stored at room 
ber of surgeons including Sheehy, who has r2ported temperature as long as the vacuum is retained." 
From the Division of Otolaryngology/Head and Neck Surgery, Stanford University Medical Center, Stanford, California. 
Presented at the meeting of the American Otological Sociaty, Inc., Palm Beach, Florida, May 2-3, 1982. 
REPRINTS — Mansfield F. W. Smith, MD, Ear Medical Clinic of Santa Clara Valley, 2120 Forest Avenue, San Jose, CA 95128. 
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In 1974 Shea and Homsy introduced a pclytetra- 
fluroethylene-vitreous carbon prosthesis (Froplast) 
designed to present the tympanic membrane with a 
“soft gradual interphase of low modulus to over- 
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Bone 


~ Cartilage 
O Ossicles 

Y; Plastipore 
I Polyethylene 
E Proplast 





'56—'60 '61—'65 ‘66—'70 ‘71-75 ‘75—'80 
FIVE-YEAR PERIODS 


Fig. 1. Number of publications per 5-year period (1956- 
1980) for various types of ossicular reconstructive material. 


PROCEDURES AND MATERIALS 
PROCUREMENT 


The process begins with procurement of the 
otologic allografts. The temporal bone cores are re- 
moved from the refrigerated cadaver within 24 
hours of death. Only temporal bones uninvolved 
with neoplasm or infection are selected. There are 
no donor age limits. 


The temporal bone cores are removed from the 
cadaver under clean, but not aseptic conditions. 
Cores are surface-decontaminated with an iodo- 
phor solution of providone-iodine (Betadine) and 
rinsed repeatedly with sterile 0.9% saline solution 
until the washings are clear; they are stored at 4°C 
for no longer than 14 days in normal saline. 


PROCESSING 


Ethylene-oxide sterilization and freeze-drying 
are carried out in the following manner: 


1. The temporal bone is dissected, and the de-epi- 
thelialized tympanic membrane and periosteal cuff 
and attached malleus, incus and stapes are removed 
together or separately. 

2.Graft tissue is placed in a container in which it 
is gas-sterilized. The 10% ethylene oxide/90% car- 
bon dioxide gas sterilization is carried out in an 
ethylene oxide sterilizer (Steri- Vac, model 400, 3M 
Co, Minneapolis) at 29.4°C. The gas sterilization is 
performed under vacuum, which allows the gas to 
permeate the tissue thoroughly for a period of 4'/, 
hours. 

3. The graft is frozen to —70°C in a two-stage 
freezer for at least one hour. The graft may be 
stored indefinitively in this state. 

4. The bottles containing grafts are transferred to 
the freeze-dryer (VerTis, model 25 SRC) using asep- 
tic precautions. The grafts are freeze-dried for five 
days with the condenser temperature set at —56°C 
and the shelf temperature set at 20°C. This pro- 





Fig. 2. Partial ossicular replacement allograft (PORA). 


longed freeze-drying ensures a low water content 
and reduces dramatically the residual levels of ethy- 
lene oxide and its hydrolysis products left in the 
tissue. 

3. The allograft containers are sealed. Test sam- 
ples that underwent the same processing are cul- 
tured. The culture reports are available in 24 hours. 


Ethylene oxide is used for sterilization because it 
is an effective agent against all microorganisms and 
causes no identifiable tissue alteration. Sterile, non- 
toxic implants are produced by this process. Ethy- 
lene oxide is a colorless gas at ordinary room tem- 
peratures; it liquefies readily at 10.9°C and freezes 
at —111.3°C. This chemical not only dissolves in 
ordinary solvents, including water, but also perme- 
ates solids from which unreacted ethylene oxide is 
slowly released. An inherent disadvantage of ethy- 
lene oxide is the fact that it, or its breakdown pro- 
duct, is retained.'* Work at the Bone Transplant 
Unit of the Northern California Transplant Bank 
has demonstrated that residual concentrations of 
ethylene oxide and its toxic by-products are satis- 
factorily reduced following prolonged lyophiliza- 
tion. In addition, the depth of penetration of ethy- 
lene oxide necessary for sterilization of otologic 
transplants further reduces the potential for toxi- 
city. 


The PORA (Fig. 2) is positioned between the mal- 
leus neck and stapes head in stable ears. Reliable 
reconstruction of the middle ear transformer mech- 
anism requires that the neck of the malleus be posi- 
tioned over the oval window. Occasionally it is ne- 
cessary to remove the entire tympanic membrane and 
malleus as an autograft and reposition the neck of the 
malleus over the oval window because of the poor 
angle or too much distance between the head of the 
stapes and the neck of the malleus. If the tympanic 
membrane and malleus are being reconstructed, an 
allograft de-epithelialized fibrous tympanic mem- 
brane with attached periosteal cuff is used to posi- 
tion the malleus neck over the oval window. Both of 
these procedures, the autograft and allograft reposi- 
tioning of the tympanic membrane malleus unit, 
are done in two stages with a PORA placed between 
the neck of the malleus and stapes head approxi- 
mately 4 to 6 months after the initial procedure. 


The partial ossicular allografts come in various 
sizes and are measured from the end or central por- 
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tion of the acetabulum to the center of the erutch. It 
is expected that these replacement allografts may 
need some modification by the otologic surgeon to 
adjust to the specific needs of each patient. These 
ossicular replacement allografts are homctropic in 
that they are fashioned from human ossicles. To fit 
between the malleus neck and stapes head, the 
PORAs are fabricated in sizes from 2 to 3 mm in 
0.25 mm increments and from 3 to 5 mm in 0.5 mm 
increments. 


Measuring Instruments. Measuring instruments 
are essential to accurately determine the distance 
between the neck of the malleus and head of the 
stapes or the mobile footplate. In addition, the mea- 
suring device (JedMed Instrument Co, St. Louis; 
Richards Manufacturing Co, Memphis) must serve 
as an instrument for lifting the malleus handle in 
order to obtain an accurate measurement, as the 
malleus handle may be slightly loose or need to be 
retracted laterally, in order to be in a more anatom- 
ically correct position. 


RESULTS 


Of 32 PORAs used in stable ears, 24 closed the 
air-bone gap to 10 dB, a 75% success rate. There 
was minimal deterioration after three months, and 
no evidence of extrusion. The maximum follow-up 


was 3'4} years: minimum follow-up was four 
months. 


Of the eight ears that failed to close the air-bone 
gap to functional levels, there was either too great 
an angle between the neck of the malleus and stapes 
head or a distance in excess of 3.5 mm. Thus, it is es- 
sential that the surgeon determine accurately the 
distance between the head of the malleus and also 
calculate whether there is too much angle between 
the stapes head and malleus neck. At this point the 
surgeon must decide whether to reposition the tym- 
panic membrane malleus unit which will require 
slightly more removal of the posterior osseous canal 
than is removed at a stapedectomy procedure to 
allow rotation of the malleus neck over the oval 
window. Then, at a second stage procedure, 4 to 6 
months later, a PORA can be placed between the 
malleus neck and stapes head. 


CONCLUSION 


Use of alloplasts in middle ear reconstruction 
(other than stapes replacement in otosclerosis) are 
suspect for long-term foreign body extrusion and 
poor functional results. Otologic allografts (homo- 
grafts), freeze-dried and ethylene-oxide-sterilized, 
offer an atractive alternative to the use of alloplasts 
and chemically fixed or heat-processed ossicular 
grafts for middle ear transformer reconstruction. 
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PATHOLOGY CONSULTATION 


MIDFACIAL NECROTIZING DISEASES 


JOHN G. BATSAKIS, MD 


Houston, TEXAS 


Necrotizing and apparently nonhealing disease of the upper aerodigestive tract can be the result of a host of underlying causes. Exclu- 
sion of specific agents and malignancy masquerading as so-called nonhealing granulomas is mandatory. This done, four disorders enter the 
differential diagnosis; Wegener's granulomatosis, non-Hodgkin's lymphoma, polymorphic reticulosis and idiopathic midline granuloma. 
Given representative biopsy material, the first three have sufficient specific diagnostic features that separation is possible. Such identifica- 


tion is important because of the varying responses to therapy. 


Necrotizing lesions of the upper airway continue 
to frustrate pathologists, exasperate clinicians, and 
spawn a considerable literary effort. Vagueness in 
the literature, paucity of cases, and an inability to 
determine the causal basis of the lesions have led 
some to consider that clinical assessment of the pa- 
tient is the only valid basis for making a diagnosis 
and treating the patient.’ 


For a pathologist there are three problem areas in 
the evaluation of a biopsy specimen from a necrotiz- 
ing lesion of the nasal or oral cavities and the para- 
nasal sinuses: 1) adequacy of the biopsy specimen, 
2) elimination of specific infectious agents as the 
etiology, and 3) classification of the disorders. 


Because surface necrosis and crusting are nearly 
obligatory with such lesions, the imposition of an 
inflammatory reaction may be so great that diag- 
nostic features are obscured. Superficial biopsies 
will yield only a diagnosis of “nonspecific inflam- 
mation.” Biopsy at the margins of the ulcers and/or 
deeper tissue representation will produce more rep- 
resentative tissue for examination. 


The elimination by culture and special stains of 
specific etiologically determined diseases such as 
histoplasmosis and other fungal and microbial dis- 
eases is mandatory. This cannot be overstressed 
since these diseases account for a majority of such 
lesions on a worldwide basis.? Also to be eliminated 
are epithelial neoplasms that have provoked a local- 
ized necrotizing reaction. 


The remaining patients, given representative bi- 
opsy specimens, fall into three disease categories; 
Wegener's granulomatosis, polymorphic reticulosis 
and idiopathic nonhealing (midline) granuloma. 
The number of synonyms and suggested “spectrum” 
array for these entities has served to confuse, rather 
than to clarify classification for pathologists and 
surgeons. 


Owing to different responses to therapy, more 
precise definition of these clinicopathologic entities 
is required.’ All have the common clinical feature of 


upper airway involvement, but their similarity 
largely ends there. 


Wegener’s granulomatosis is a systemic disease 
and the cardinal symptoms of the disease are related 
to a generalized hypersensitivity-like phenomenon 
involving the lungs and kidneys. Of the three disor- 
ders mentioned above, Wegener’s granulomatosis is 
the least clinically destructive, an important dif- 
ferential diagnostic point.?* It has a well-defined 
clinical course with development of a serious glo- 
merulonephritis and involvement of the lungs and 
other organs. Given the symptom complex, it is cer- 
tainly not reasonable to exclude the diagnosis when 





Fig. 1. Wegener's Aa pasha in maxillary sinus 


mucosa. Giant cells, fibrinoid necrosis and an inflamma- 
tory infiltrate are present in subepithelial tissue. (H & E, 
x85) 


From the Department of Pathology and Laboratory Medicine, Maine Medical Center, Portland. 
REPRINTS — John G. Batsakis, MD, Department of Pathology, M.D. Anderson Hospital, Texas Medical Center, Houston, TX 77030. 
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Wegener's Granulomatosis 


Po hic Reticulosis 


TABLE 1. MIDFACIAL NONHEALING LESIONS: DIFFERENTIAL FEATURES 


I Midline Granuloma 


Most destructive of group; bone 
and soft tissue extension pro- 
gressive and common 


Localized to airway and upper 
aerodigestive tract 


May remain unspecific or 

to polymorphic reticulosis 
Nonspecific acute and chronic 
inflammation, usually no atyp- 
ical cells 


Upper. airway Diffuse in upper airway. pre- Destructive localized or diffuse le- 
dominantly sinuses; erosion of sions; characteristic through 
facial bones and soft tissue is palate and soft tissues 
rare 

Systemic involvement aig a systemic disease; Localized or systemic; systemic 

kidneys, bee cad small vessels manifestations are lymphoma-like 

Association with No known association Very likely a form of lymphoma 

malignancy 

Histopathologic Necrotizing vasculitis, g-anu- Atypical and polymorphic cells, 

features e lomas and an cells, no atyp- aneo centric and r an infiltrative 
ical cells Sks panera; lymphoma or 

ymphoma-like 

Treatment C with or with- Radiation therapy 


out steroi 


a single biopsy specimen fails to demonstrate the 
histologic features.’ 


A triad of histologic findings characterize the mi- 
croscopic appearance of Wegener’s granulomatosis. 
These are a necrotizing vasculitis, giant cell 
granulomas, and a nonpleomorphic cellclar infil- 
trate (Fig. 1). 


Identification and elimination of Wegener’s 
granulomatosis leave a collection of lesions that are 
more locally destructive and that also tend to exhib- 
it a rather distinctive natural history. Within the 
group are the non-Hodgkin’s extranodal lympho- 
mas and a subset of lesions that behave clinically in 
a manner comparable to lymphomas. Ambiguity 
still exists over the exact nosologic status of this class 
of lesions. They are separable from those of Wege- 
ner’s granulomatosis by an absence of necrotizing 
granulomas and giant cells; by a noticeatle angio- 
centric and angioinfiltrative cellular growth pat- 
tern; and by an abundant, usually polymorphic and 
atypical lymphoreticular cellular component.?‘ 


The polymorphic infiltrate distinguishes the le- 
sion from the typically monomorphic non-Hodg- 
kin’s lymphomas but only imperfectly rom the 
mixed histiocytic-lymphocytic and histiocytic lym- 
phomas. The terms polymorphic reticulosis and ma- 
lignant midline reticulosis have been applied to 
these lesions. They clearly signify the patnologists’ 
recognition of the atypical cellular infiltrate and 
also that the process is a lymphoreticular prolifera- 
tive lesion rather than a vascular-based disorder 
(vasculitis). 


Evidence is now accumulating that monii 
reticulosis represents a form of lymphoma.* The lo- 
cal midfacial destructiveness, dissemination in the 
manner of lymphomas, and the cellular appearance 
certainly point to such an identity. Reluctance on 


Radiation therapy 


the part of pathologists to cross the diagnostic 
“Rubicon” rests with a) their caution against mak- 
ing a diagnosis of lymphoma in such extranodal 
sites, b) difficulties inherent in histopathologic 
diagnosis of small-celled lesions from this area, and 
c) finding an acceptable position for the polymor- 
phic lesion in existing classifications of. lymphoma. 


Idiopathic nonhealing (midline) granuloma is the 
most enigmatic of this group of lesions.?-? Not only is 
there no etiologic basis for the lesion, it presents 
with.a completely nondescript, chronic, necrotizing 
inflammatory reaction. Clear-cut granuloma for- 
mation is found in about half of the cases and a vas- 
culitis is seen on occasion. However, the vasculitis is 
not of a primary character but more of a endar- 
teritis obliterans that is associated with tissue 
necrosis and infection. It is a localized disorder 
without systemic manifestations. Relentlessly._pro- 
gressive, idiopathic midline granuloma is likely the 
most mutilating of all of the midfacial disorders.? 


The above is just a distillate of a rather extensive 
literature on these disorders. At the risk of reducing 
to dangerous simplicity, this brief report and Table 
l present contemporary thinking and allow a rather 
unencumbered, practical approach to diagnosis and 
treatment. 


SUMMARY 


Wegener’s granulomatosis, a systemic disorder, 
manifests specific clinical and histopathologic find- 
ings that allow it to be separated from an unrelated 
group of upper airway lesions. Two of these, non- 
Hodgkin’s lymphoma and polymorphic reticulosis, 
are related and may in fact be variable expressions 
of a lymphoma. A fourth, and fortunately rare, dis- 
order presents as a severely destructive localized le- 
sion without any specific histopathologic findings. 
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X-RAY STUDY OF THE MONTH 


INTRACAVERNOUS INTERNAL CAROTID ARTERY ANEURYSM 


A. L. WEBER, MD 


Boston. MASSACHUSETTS 


R. G. OJEMANN, MD 


Boston, MASSACHUSETTS 


PATIENT 


Four months prior to admission this 45-year-old 
woman noted double vision when looking straight 
ahead or to the right. This improved after ten days, 
but recurred three weeks prior to admission. Neu- 
rological examination at the time of admission dem- 
onstrated a right 6th nerve paresis. The patient had 
experienced severe headaches for many years. At 
age 30, she had a meningeal syndrome with pleocy- 
tosis on spinal fluid examination. Her blood pres- 
sure at that time reached 160/100. 


RADIOGRAPHIC FINDINGS 


The tomographic section (Fig. 1A) reveals a 
sharply marginated hemispheric erosion of the right 
sphenoid bone at the level of the sella turcica (ar- 
rowheads). Coronal (Fig. 1B) and axial (Fig. 1C) 
CT scans demonstrate a contrast enhanced right 
parasellar mass lesion causing bony erosion (arrow- 


heads). 
DIAGNOSIS 


An AP film of the carotid angiogram (Fig. 2A) 


ÀA 


K. R. DAVIS, MD 
BOSTON, MASSACHUSETTS 
M. NEGRI, MD 


ROME, ITALY 


following transfemoral catheterization confirmed 
the presence of a large intracavernous aneurysm of 
the right internal carotid artery (arrowheads). A 
Crutchfield clamp (Fig. 2B) was placed just above 
the origin of the right internal carotid artery and 
the vessel was totally occluded. A left vertebral 
angiogram following placement of the clamp re- 
vealed good collateral supply to the right hemi- 
sphere. (Fig. 2C), filling of the supraclinoid portion 
of the internal carotid artery (arrowhead), and non- 
filling of the aneurysm. 


DISCUSSION 


Intracavernous carotid aneurysms occur in pa- 
tients ranging in age from 22 to 71 years, chiefly in 
women over age 40.' The incidence of these aneu- 
rysms is from about 5% to 11% of cerebral aneu- 
rysms.'? Bilateral aneurysms have been reported.’ 
Rupture may occur when the aneurysm is small, 
causing a carotid-cavernous fistula with consequent 
pulsating exophthalmos, ocular palsy, and cephalic 
bruit.* Expansion of the aneurysmal sac causes com- 





Figure 1 


From the Department of Radiology, Massachusets Eye and Ear Infirmary, Boston. 
REPRINTS — Alfred L. Weber, MD, Department of Radiology, Massachusetts Eye and Ear Infirmary, 243 Charles St., Boston, MA 02114. 
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Figure 2 


pression of the nerves in the cavernous sinus with 
paresis of the sixth, third, and fifth cranial nerves in 
that order of frequency. Disturbance of function of 
the sixth cranial nerve is almost always the first 
clinical feature and may be the only clinical sign for 
a considerable period of time as demonstrated in 
this case. Progressing visual failure, temporal defect 
of visual fields, exophthalmos, and loss of smell are 
other symptoms that may be encountered. The close 
relationship of these aneurysms to the base of the 
skull often produces osseous changes as demon- 
strated in our case. The roentgen findings® consist of 
undercutting of the anterior clinoid process, erosion 
of the lateral half of the sphenoid with or without 
erosion of the posterior clinoid process. If the an- 
eurysm extends anteriorly there is enlargement of 
the superior orbital fissure and/or erosion of the in- 
ferolateral portion of the optic canal.? Pos-erior ex- 
tension of the aneurysm may lead to erosion of the 
middle cranial fossa and in a large aneurysm ero- 
sion of the tip of the petrous pyramid. Complete or 
partial calcification of the wall of the aneurysm has 
been reported to occur in 33% , 38%, and 53% of 
cass, so 


The plain CT scan may show elevated absorption 
values that are due to circulating blood within the 
unthrombosed aneurysmal sac.”™° The high values 
are a function of the protein content of the hemo- 
globin. Calcification of the wall of the aneurysmal 
sac or within areas of thrombosis may produce high 
values. Following infusion of contrast material. the 
circulating blood pool within the unthrombosed sac 


shows homogeneous enhancement (26 Hounsefield 
units per 100 mg% of iodine). The location of 
cerebral aneurysms is usually at the area of the cir- 
cle of Willis, peripheral middle cerebral arteries 
from mycotic aneurysms and along the basilar ar- 
tery or other large vessels for fusiform aneurysms. À 
meningioma has to be differentiated from a large 
aneurysm. The plain CT scan in meningiomas 
shows a high absorption coefficient due to psam- 
momatous calcification in most cases. but there may 
occasionally be low absorption areas within an 
isodense or high absorption lesion.'° Surrounding 
edema is often present as well as a mass effect. In 
meningiomas the contrast enhancement is uniform 
through the high absorption area. Aneurysms usual- 
ly produce displacement of thin bony margins 
whereas meningiomas produce a hyperostotic bone 
reaction. The calcification in association with an 
aneurysm, if present, is usually along the sac wall 
whereas in meningioma may be scattered through- 
out the high absorption area. If the bone changes 
are not clear on CT scan, polytomes may provide 
additional information. Finally, angiography, 
which is necessary before surgery in either case, will 
show filling of the unthrombosed portion of an 
aneurysmal sac, and in case of a meningioma, dural 
feeders with a vascular blush. Excision of in- 
tracavernous carotid artery aneurysms is surgically 
not feasible and occlusion of the internal carotid 
artery on the side of the aneurysm by ligation or 
balloon placement, sometimes with prior super- 
ficial temporal-middle cerebral artery bypass, is the 
preferred treatment. 
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THIRD INTERNATIONAL SYMPOSIUM ON RECENT ADVANCES IN OTITIS MEDIA WITH EFFUSION: CALL FOR PAPERS 


Papers are woe solicited for the Third International Sympo 
held May 17-20, 1983, at the Bahia Mar Hotel, Fort Lauder 


ale, F 
deadline for submitting abstr 


University Hospitals Clinic, 456 Clinic Drive, Columbus, OH 43210. 


Ul 


sium on Recent Advances in Otitis Media with Effusion, which will be 


lorida. The deadline for submitting titles is November 15, 1982, and the 
acts is January 15, 1983. For further information, write David 


J. Lim, MD, Program Chairman, 4331 


CASSELBERRY AWARD 


The American Laryngological Association announces that it will receive essays or theses relating to the art and science of laryngology 
and rhinology for consideration of the Casselberry Award for 1982-1983. The Award is open to physicians, interns, residents, and graduate 
students in Tien and rhinology in the Americas and scientists in the field in laryngology and rhinology. For further information 
write to Eugene N. Myers, MD, Secretary, American Laryngological Association, Eye and Ear Hospital, 230 Lothrop St., Suite 1115, 
Pittsburgh, PA 15213. 


BOOK REVIEWS 


Oral Cancer and Precancer 


- By Jens J. Pindborg. Hard cover, black and white illustrations, 
indexed, referenced, 177 pages, 1980. John Wrizht and Sons 
Ltd, Bristol, Great Britain. Price $35.00. 


In a unique approach to oral cancer and precancerous lesions of 
the mouth, Professor Pindborg’s monograph explores these en- 
titiés together in the same chapters. The first 11 chapzers consider 
the epidemiology, clinical aspects, histopathology, etiology, and 
treatment of cancers and precancers of the lip, buccal mucosa, 
floor of mouth, tongue, palate, palatine arch, gingiva, and 
alveolar ridge. The remaining 12 chapters focus on etiology, 
treatment, histopathology, cellular and humoral immunity, and 
treatments of precancerous conditions. These chap-ers concen- 
trate on the topognosis of precancer relating this complex entity to 
the clinical aspects of oral cancer. Pindborg documenzs his mater- 
ial with the most relevant, recent, and profound references from 
the world literature. 

Pindborg defines and explains the histopathology >f epithelial 
dysplasia, epithelial atypia, and dyskeratosis. His dezcriptions of 
lip cancer and precancer are exhaustive, divided equelly between 
lesions of the vermilion border and labial commissures. The rela- 
tionship between nodular leukoplakia and cancer is emphasized 
in the lips as well as buccal and floor of mouth areas. He estab- 
lishes the erythroplakic lesion as a squamous carcinora percursor 
and notes the seeming discrepancy between the relatively low 
numbers of oral leukoplakias found in certain high risk oral 
cancer populations. While his treatment of tongue cencer is lim- 
ited, the epidemiologic features of this disease are thoroughly 
treated. Palate cancer is the rarest of all oral cancers in Europe 
and North America with a surprisingly high 37% of patients with 
soft palate carcinomas having regional lymph node metastasis. 
For otolaryngologists, Professor Pindborg’s treatment of the pala- 
tine arch will be found superficial; it encompasses only one page 
of the monograph. In that brief encounter Pindborg points out 
that 17% to 19% of patients with palatine arch cancer have addi- 
tional primary cancers elsewhere. His description of the ser- 
piginous form of gingival cancer as “forme bourgeonnante” is 
memorable and precisely the description this lesion deserves; his 
review of the epidemiology of this disease is excellent. 


It is unclear why Chapter 12, “Intraosseous Carcinoma of the 
Jaws,” was included. Although a delightful little chapter describ- 
ing both secondary carcinomatous invasion of the jawsalong with 
primary carcinoma, it seems orphaned in the context of 
Pindborg’s prior treatment of oral cancer and precancer. It serves 
as a transition, however, to the final 11 chapters devoted to 
general principles related to oral malignanctes. The relationship 
of leukoplakia, carcinoma in situ, and epithelial dysplasia is con- 
sidered in depth in Chapter 13. Again, Pindborg points out the 
danger of erythroplakic lesions. The discussion of etiology, topog- 
nostic considerations, and precancerous diseases inckudes com- 
plete discussions of syphilis, sideropenic dysphagia, lichen planus, 
submucous fibrosis, discoid lupus erythematosus, and cyskeratosis 
congenita, 

The microscopic features of oral cancer are weil-documented 
along with a schematic representation of McKinney end Singh’s 
concept that “advanced dysplasia or carcinoma in situ kesions may 
produce excessive quantitites of collagenase or collagenase-like en- 
zymes which are released into the intercellular spaces ” 


The final seven, quite brief chapters in this monogreph include 
discussions of tobacco, alcohol, liver cirrhosis, diet, industrial 
hazards, social distribution and dental factors. Treatrrent of oral 
cancer is considered in a review of the literature of chemotherapy, 
surgery and radiation therapy. There is even a section on cryosur- 
gery. Osteoradionecrosis is given a thorough treatmen: including 
histological characterization and the oral pathologist’s plea for the 
conservation of teeth when radiation therapy is utilized. 


The last four chapters include classification, histology, 
etiology, and treatment of oral leukoplakia. While the reader ex- 
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pects this section to be redundant, he is surprised and delighted to 
find microradiographic, cell kinetic, and electron microscopic 
studies to document Pindborg’s thorough treatment of leuko- 
plakia. 


In summary, Pindborg has, in a stream of consciousness 
fashion, organized a huge volume of material relating to an area 
on which he is one of the world’s great authorities. His documen- 
tation of precancerous oral lesions, their relationship to oral 
cancers, the etiologies, topognosis, treatment, and epidemiology 
of these conditions are included in a readable and condensed 
form. For the otolaryngologist, this monograph is a must read, in- 
valuable addition to his library. 


WILLIAM H. FRIEDMAN, MD 
St. Louis, Missouri 


Acoustic Factors Affecting Hearing Aid Performance 


By Gerald A. Studebaker and Iroing Hochberg. Hard cover, 
black and white illustrations, indexed, referenced, 450 
pages, 1980. University Park Press, Baltimore. Price $34.50. 


The last decade has produced a vast amount of important, rele- 
vant and complex research in diverse areas related to hearing aids. 
An understanding of the overall importance of recent develop- 
ments and their interaction requires considerable effort on the 
part of any professional who is concerned with electronic amplifi- 
cation. Consequently, a conference was held in June 1978 in 
which leading researchers presented some recent developments. 
This book is the proceedings of this conference and is intended to 
represent information on the current state-of-the-art in amplifica- 
tion for the hearing-impaired. 


The title of the book implies that it is concerned only about 
acoustic factors of hearing aid performance; these include envi- 
ronmental acoustics, earmold acoustics, and transducer-related 
factors. A significant portion, however, is devoted to the effect of 
these acoustic factors on the hearing-impaired listener’s perfor- 
mance. Thus, the book is more broadly based than its title im- 
plies. 

The 18 chapters of this book are divided into four major sec- 
tions. The first section deals with acoustics of the listening en 
vironment. Considerable emphasis is placed on signal changes 
due to reverberation and their effects on perception in both nor- 
mal and hearing-impaired listeners. Also discussed are the effects 
of microphone location and the effects of acoustic environment on 
the effectiveness of directional hearing aids. 


The second section deals mainly with acoustic factors related to 
the coupling of hearing aids to ears. The acoustics of the external 
ear and of the now much-used “Zwislocki” coupler are given in 
detail. On the application side, the acoustics of earmolds are 
given in sufficient detail to be used clinically. Important concepts 
which are discussed are the effects of commercial venting systems, 
open earmolds, and the “Killion” horn earmold. 


The third section describes various quantitative modeling tech- 
niques which are capable of describing the acoustic coupling of 
hearing aids to ears. Sufficient detail is gtven for these models so 
that interested persons may implement them to make predictions 
about the signal reaching the eardrum. 


Finally, the last section covers important issues related to 
frequency-selective hearing aid fitting techniques. Although no 
single method emerges as being optimal, the series of chapters 
clearly identifies some important concepts for frequency-specific 
amplification. 


The overall quality of this book is excellent. It serves as an im- 
portant reference book for researchers and clinicians interested in 
quantitative effects of amplification for the hearing-impaired. 


GERALD R. POPELKA, PHD 
St. Louls, Missouri 
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Pocket Guide to Antimicrobial Therapy in Otolaryngology 


By David N. F. Fairbanks. Soft cover, indexed, 57 pages, 1981. 
American Council of Otolaryngology — Head and Neck Sur- 
gery, Washington, DG; 


This publication is offered as a concise and practical guide to 
the practicing otolaryngologist caring for commonplace prob- 
lems. The handbook begins with a section organized according to 
clinical diagnosis which is then followed by an overview of an- 
timicrobials by category. A list of the “drugs of choice” according 
to infecting organism and clinical diagnosis is included in addition 
to a table of appropriate dosage schedules. 


There are several points that can be commented upon. 1) The 
throat culture for group A 8-hemolytic streptococci, although im- 
perfect, is still a valuable guide to antimicrobial therapy when 
performed and interpreted properly. 2) In regard to exudative 
tonsillitis, Epstein-Barr virus, adenovirus, influenza A and herpes 
simplex are common causative agents of this syndrome. 3) The 
role of Staphylococcus aureus and Hemophilus influenzae as 
etiologic agents of pharyngitis is difficult to evaluate as these 
organisms are most often regarded as normal pharyngeal flora 
(carriage rates are approximately 40% and 15% respectively). 4) 
H influenzae does indeed cause mastoiditis and should be con- 
sidered when prescribing for this entity. 5) The appropriateness of 
rifampin prophylaxis of family members of children with non- 
meningitis H influenzae infections has not been established. 6) 
Several studies on the bacteriology of chronic sinusitis have 
reported different results. Only a single study, of a group of pa- 
tients with very chronic infection (= 10 years), has reported a 
significant role for the staphylococcus (Frederick and Braude). 
The likelihood of anaerobic bacteria, H influenzae and viridans 
streptococci causing infection are noted but they are not provided 
for in the first “drug of choice” for chronic sinusitis. A 
cephalosporin might be a better first choice, with erythromy- 
cin/sulfasoxazole as an alternative agent for outpatient manage- 
ment. 7) Aminoglycosides are generally considered bactericidal 
rather than bacteriostatic, unless they are used in very small 
doses. 8) The drug of choice for diphtheria is penicillin or 
erythromycin. 9) Penicillin and chloramphenicol would be the 
drugs of choice for brain abscess secondary to an otic or a sinus 
focus. 10) The author notes that deep neck abscess is often a conse- 
quence of a mixed infection including anaerobes but neglects to 
provide antimicrobial coverage for these organisms in his recom- 
mended drug of choice. 


The section on selection of drugs is a “nuts and bolts” approach 
which is both thoughtful and sensible. This publication will be 
useful to students, house officers and practitioners. 


ELLEN R. WALD, MD 


Pittsburgh, Pennsylvania 


Manual of Electronystagmography, Second Edition 


By Hugh O. Barber and Charles W. Stockwell. Hard cover, 
black and white illustrations, indexed, 224 pages, 1980. 
C. V. Mosby Co, St. Louis. 


This book remains the standard textbook for otoneurologists 
and technicians who carry out electronystagmography. The text is 
complete and presents many theories concerning the integration 
of eye movement that is necessary for orientation in a space. The 
standard methods of otoneurological examination are well cov- 


ered. 


The chapter on physiology of eye movement contains a mass of 
information that is rather speculative. It may cause some dif- 
ficulties of assimilation especially for technicians. A more general 
approach may be more appealing to many. 


The clinical cases illustrated by electronystagmographic find- 
ings continue to be most helpful and instructive. All in all, the 
book is a “must” for otoneurological offices. 

MALCOLM H. Stroup, MD 


St. Louis, Missouri 


Craniofacial and Upper Cervical Arteries: Functional, Clinical & 
Angiographic Aspects 


By Pierre L. LasJaunias and Alex Berenstein. Hard cover, black 
and white and color illustrations, indexed, 195 pages, 1981. 
Williams and Wilkins Co, Baltimore. Price $57.00. 


This book takes a novel and relevant approach to the anatomy 
of the external carotid artery and its craniofacial branches. Con- 
ventional texts have dealt with vascular anatomy by tracing arter- 
ies from origin to territory of supply discussing variations ob- 
served in dissected materials. With the advent of magnification 
and subtraction angiography, in vivo and thus functional ana- 
tomy can be deduced. Hypothesizing that the functional signifi- 
cance of a vessel depends more on its territorial distribution than 
its origin and proximal course, Dr. LasJaunias discusses the com- 
plicated anatomy of the external carotid system by proceeding 
from the angioarchitecture of the supplied tissue to variants of 
proximal supply expected within the constraints of development, 
hemodynamics, and osseus anatomy. The phylogeny and on- 
togeny of the major external carotid branches are also discussed at 
the beginning of their respective chapters. 


After an introductory chapter on the branching pattern of the 
external carotid trunk and hemodynamics, the book is organized 
into sections covering major anatomic regions: the internal max- 
illary system, the pharyngo-occipital system, the upper cervical 
vertebral column and musculature and skin of the scalp, face and 
mouth. The final chapter covers the arterial supply of the transos- 
seous peripheral nervous system discussing selected cranial and 
cervical spinal nerves. 


The book contains many subtracted angiogram reproductions 
of very good quality and a large number of diagrams outlining 
vascular development and the subsequent variants of adult ana- 
tomy. Several color plates of injected cadaveric dissections are 
also included. 


This text is of most value for angiographers, particularly those 
involved in embolization of vascular lesions of the head and neck, 
but it is a useful reference text for anyone whose practice includes 
arteriography of the external carotid system. 


PATRICK J. DoyLE, MD 
Puitip HARRISON, MD 


Vancouver, British Columbia, Canada 


Vocal Fold Physiology 


Edited by Kenneth N. Stevens and Minoru Hirano. Soft cover, 
black and white illustrations, 421 pages, 1981. University of 
Tokyo Press, Japan. Price $17.50. 


This monograph represents a collection of papers delivered at a 
conference on Vocal Fold Physiology held January 15-19, 1980, at 
Kurume University in Japan. The conference was a collaborative 
effort among vocal physiologists to discuss and compare their 
work so that subsequent research could provide a more profitable 
means of understanding the mechanism of vocal fold vibration 
and control during speech and singing. 


The book is divided into six sections. Section I discusses basic 
morphology and physiology of the larynx. In Section II various 
methods of observing vocal fold vibration are presented. Section 
III covers the control of physiologic parameters for speech and 
singing. Section IV develops models of vocal fold vibration. In 
Section V models of vibration are discussed with regard to voice 
quality. Section VI provides an overview of physical properties re- 
lated to measurements from laryngeal models. 


While the major strength of this monograph is its diverse ap- 
proach to vocal physiology, its weakness, if one were to be iden- 
tified, is its superficial treatment of complex and controversial 
issues in laryngeal research. Nevertheless, this document repre- 
sents an important reference piece for the modern voice physiolo- 
gist and is recommended for serious researchers in the field. 


CLARENCE T. SASAKI, MD 


New Haven, Connecticut 
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Physical Principles of Audiology 


By P. M. Haughton. Hard cover, black and white illustra- 
tions, indexed, referenced, 183 pages, 1980. Adam Hilger 
Ltd., Bristol, England. Price $28.00. 


As our knowledge of the auditory system increases, the techni- 
cal information needed to understand and apply re evant con- 
cepts increases as well. Often there is a need to have a small sum- 
mary reference book to fill the gap between the information pro- 
vided by original research articles and that provided by compre- 
hensive text books. Physical Principles of Audiology by P. M. 
Haughton fills this need very well. 


This book is the third in a medical physics handbook series, 
which previously has dealt with ultrasonics and com>uter prin- 
ciples. The book is intended for use by medical physicists, engi- 
neers and audiologists. Organization of the book follows a format 
similar to that used in many hearing science textbooks which are 
now available. The beginning chapters deal with the physics of 
sound, anatomy and physiology of the auditory system, and 
psychoacoustic measures in the normal hearing ear. Two chapters 
outline important physiologic measures, namely evokec potentials 
and acoustic impedance, which are very useful clinically. Another 
chapter describes some common clinical entities and the routine 
audiologic measures which are relevant. Finally, a chapter is 
devoted to hearing aids. 


The title of the book accurately describes its emphasis. For ex- 
ample, the acoustics chapter stresses the computational! formulae 
and physical constants which are applicable to typical audiologic 
measures. The chapter on hearing disorders and the measurement 
of hearing only briefly describes the actual tests but goes into con- 
siderable detail on audiometric standards, calibration couplers 
and equipment. The acoustic impedance chapter goes nto much 
more detail on measurement procedures and computations than 
on interpretation of test results. 


I was particularly impressed with the precision of the book. 
The author concisely presents the basic relevant principles yet 
does not omit esoteric points such as the minutiae of acoustic im- 
pedance measurement terminology, small differences among cali- 
bration standards, and tabular notation of common sound pres- 
sure level meter weightings. Though no new information is pre- 
sented, this book is a valuable reference which should be on the 
shelf of many professionals concerned with the auditory system. 


GERALD R. POPELKA, PhD 
St. Louis, Missouri 


Cancer of the Head and Neck 


Edited by James Y. Suen and Eugene Myers. Hard cover, black 
and white illustrations, indexed, 905 pages, 1981. Churchill 
Livingstone, Inc, New York. Price $89.00. 


There is little doubt that this book represents a major contribu- 
tion to the diagnosis, understanding, and treatment of nead and 
neck malignancy. There are 32 chapters, each authored by an ac- 
knowledged expert in the field. Topics are inclusive of aead and 
neck oncology, diagnosis, site of origin, natural history of disease, 
treatment, including surgery, radiation and chemotherapy, and 
pertinent adjunctive topics such as nutrition, dental considera- 
tions, and rehabilitation. 


This book reflects the changing awareness of those who are 
committed to the management of head and neck malignancies 
away from the current dimensions of a therapist to the far more 
comprehensive role of the total physician. If one were to have at 
his command all of the information contained between the covers 
of this book, he would have undisputed expertise in the manage- 
ment of head and neck malignancies. It is quite impcssible to 
single out one chapter over another in terms of excellence. 
Representative of the thoroughness of this book is the chapter on 
cancer of the nasal cavity and paranasal sinuses authored by 
George A. Sisson and Steven P. Becker. This is an exemplary 
chapter which accomplishes coverage of the topic from diagnosis 
to treatment, concisely, completely, and coherently. 


The strength of the book is that it is complete and each topic is 
treated in a concise and comprehensive fashion. Every chapter is 
reflective of contemporary thought and the topics are all inclusive 
of head and neck oncology. The weakness of the book cannot be 
directed specifically toward this, but to any book that interrupts 
the continuum of evolution of a topic. Obviously, improvements 
and changes are occurring rapidly. The potential therefore exists 
for this book to drop out of date more rapidly than the text di- 
rected toward techniques alone. Regardless of this unavoidable 
weakness the thought reflected therein is contemporary. 


In summary, this book is mandatory for all who are interested 
in head and neck oncology regardless of discipline. It must reside 
in the libraries of any department which professes to have interest 
in this field and should reside in the personal libraries of those in 
training as well as those on the clinical faculty. 


CHARLES W. CUMMINGS, MD 
Seattle, Washington 


Pediatric Otolaryngology Case Studies 


Edited by W. Frederick McGuirt. Soft cover, black and white 
illustrations, indexed, 484 pages, 1980. Medical Examination 
Publishing Co, Inc, Garden City, New York. Price $18.00. 


This text represents a collection of 68 case studies encompassing 
common pediatric otolaryngology disorders, with occasional ref- 
erence to the less common and controversial areas of the field. 
Topics covered include congenital head and neck anomalies: 
otologic, sinonasal, communicative, pharyngeal and airway dis- 
orders; head and neck oncology; trauma; and allergy and immun- 
ology. The format of each case study includes a patient history, 
pertinent physical findings, ancillary data and clinical course, 
followed by several multiple choice questions with detailed an- 
swers and an accompanying bibliography. 


Although it does not represent a com prehensive text of pediatric 
otolaryngology, the book does cover the more common pediatric 
disorders seen by the otolaryngologist and is written in a very 
readable manner. The method of presentation is both stimulating 
and reinforcing. Moreover, the list of references accompanying 
each case study is complete and current. The only significant criti- 
cism is that some of the responses to the questions appear dog- 
matic and alternate viewpoints and therapeutic modalities are not 
covered adequately. 


Although the book is primarily written and enthusiastically rec- 
ommended for the otolaryngology or pediatric resident, the prac- 
ticing otolaryngologist would also find it a useful, provocative 
review. 


PETER G. SMITH, MD 


St. Louis, Missouri 


Diagnosis and Treatment of Palato Glossal Malfunction 


Edited by R. E. Ellis and F. C. Flack. Soft cover, black and 
white illustrations, 89 pages, 1979. University Park Press, 
Baltimore. Price $9.95. 


This small issue represents a state-of-the-art. Some of the 
authors are well-recognized authorities in the research aspect of 
cleft palate and in evaluation of clinical procedures. The in- 
dividual papers have interesting material; however, since much of 
the conference was presented with video tape and cinematog- 
raphy, it has been difficult to include this material in the presen- 
tations. The text emphasizes the value of nasoendoscopy in the 
diagnosis of velopharyngeal abnormalities and this may be of in- 
terest to the otolaryngologist. However, few otolaryngologists are 
active in this field. The methods of speech evaluation and the 
research methods again are of interest to the speech therapist and 
prosthodontist and are not presented in a manner which may be 
of value to the otolaryngologist. 


SYLVAN E. STOOL, MD 


Pittsburgh, Pennsylvania 


BOOKS RECEIVED 


Proceedings of the Fourth International Symposium on Acoustic 
Impedance Measurements 

Edited by Rui Penha and Paulo de Noronha Pizarro. Pro- 
ceedings of Symposium held in Lisbon. Black and white line 
drawings, soft cover, 611 pages, 1981. Universidade Nova de 
Lisboa. 


Sensorineural Hearing Loss, Vertigo and Tinnitus 


Edited by M. M. Paparella and W. L. Meyerhoff. Black and 
white illustrations, indexed, hard cover, 170 pages, 1981. 
Williams and Wilkins Co., Baltimore, $26. 


Respiratory Medicine 
Edited by D. C. Flenley. Black and white illustrations, in- 


dexed, soft cover, 246 pages, 1981. Cassell Ltd., London (Mac- 
millan Publishing Co. affiliate), $17.95. 


New Perspectives on Noise-induced Hearing Loss 


Edited by R. P. Hamernik, D. Henderson and R. Salvi. Papers 
presented at the National Institute of Occupational Safety and 
Health Symposium. Black and white illustrations, indexed, hard 
cover, 550 pages, 1981. Raven Press, New York, $63. 


Surgery for Cancer of the Larynx and Related Structures 


Carl E. Silver. Color and black and white illustrations, in- 
dexed, hard cover, 250 pages, 1981. Churchill Livingstone, Inc., 
New York, $65. 


Surgery for Phonatory Disorders 


Edited by Harvey M. Tucker. Volume 3, in Monographs in 
Clinical Otolaryngology. Black and white illustrations, indexed, 
hard cover, 130 pages, 1981. Churchill Livingstone, Inc., New 
York, $29. 


Audiology and Audiological Medicine, 2 volumes 


Edited by H. A. Beagley. Black and white illustrations, indexed 
with full chapter bibliographies, hard cover, 994 pages (total), 
1981. Oxford University Press, London, $85 the set. 


Physiological Acoustics 


Edited by Juergen Tonndorf. Volume 15 in Benchmark Papers 
in Acoustics. Black and white illustrations, indexed, hard cover, 
696 pages, 1981. Hutchinson Ross Publishing Co., Stroudsburg, 
Pennsylvania, $49. 


Computed Tomography of the Head and Neck 


Edited by Anthony A. Mancuso and William N. Hanafee. 
Black and white illustrations, indexed, 289 pages, hard cover, 
1982. Williams & Wilkins Co., Baltimore, $55. 


Textbook of Otolaryngology, 6th edition 


Edited by David D. DeWeese and William H. Saunders. Black 
and white illustrations, indexed, hard cover, 474 pages, 1982. C. 
V. Mosby Co., St. Louis. 


Benign Diseases of the Esophagus 


Edited by R. H. Quinn, J. B. Gregg and C. Douglas Wood. 
Black and white illustrations, indexed, hard cover, 218 pages, 
1982. Medical Examination Publishing Co., Inc., Garden City, 
$30. 


Comprehensive Intervention with Hearing-Impaired Infants and 
Preschool Children 


M. Suzanne Hasenstab and John S. Horner. Hard cover, in- 
dexed, 450 pages, 1982. Aspen Systems Corp., Gaithersburg, 
Md., $27.95. 
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Electronystagmography: A Systemic Approach 
By Milind V. Kirtane. Black and white illustrations, subject in- 


dex and bibliography, soft cover, 152 pages, 1982. Published by 
Dr. Kirtane, Bombay, India. p k 


Disorders of the Facial Nerve: Anatomy, Diagnosis 
Management 


Edited by Malcolm D. Graham and William F. House. Black 
and white illustrations, indexed, hard cover, 576 pages, 1982. 
Raven Press, New York, $63. 


and 


Radiology of the Ear, Nose and Throat 


By Galdino E. Valvassori, Guy D. Potter, William N. Hana- 
fee, Barbara L. Carter and Richard A. Buckingham. Black and 
white illustrations, hard cover, 352 pages, 1982. W. B. Saunders, 
New York, $98. 


Nystagmus and Vertigo: Clinical Approaches to the Patient with 
Dizziness 


Edited by Vicente Honrubia, Black and white illustrations, 
author and subject indexes, hard cover, 296 pages, 1982. 
Academic Press, New York, $26. 


The Nose: Upper Airway Physiology and the Atmospheric 
Environment 


By Donald F. Proctor and Ib Anderson. Black and white il- 
lustrations, author and subject indexes, hard cover, 464 pages, 
1982. Elsevier Biomedical Press, Amsterdam. 


Central Auditory Assessment: The SSW Test, Development and 
Clinical Use 


Edited by Dennis Arnst and Jack Katz. Black and white il- 
lustrations, chapter bibliographies, soft cover, 508 pages, 1982. 
College-Hill Press, Inc., San Diego, $32.50. 


Advice to Parents of a Cleft Palate Child, 2nd edition 


By Donna Konkel Wicka and Mervyn L. Falk. Black and white 
illustrations, bibliography, hard cover, 65 pages, 1982. Charles 
C. Thomas Co., Springfield, Illinois, $10.75. 


Current Therapy in Otolaryngology — Head and Neck Surgery 
1982-1983 


Edited by George A. Gates. Black and white illustrations, sub- 
ject index, hard cover textbook, 375 pages, 1982. B. C. Decker, 
Inc., Trenton, New Jersey, $44.50. 


Vestibular Neurotology 


Edited by P. Molina-Negro and R. A. Bertrand. Volume 28 in 
Advances in Oto-Rhino-Laryngology. C. R. Pfaltz, ed. Papers 
presented at the Symposium on Vestibular Neurotology, Mon- 
treal, September 9-12, 1980. Black and white illustrations, sub- 
ject index, hard cover, 146 pages, 1982. S. Karger, Basel, 
Switzerland, $69. 


HNO Praxis Heute, Volume 2 


Edited by H. Ganz and W. Schatzle. Black and white illustra- 
tions, subject index, hard cover, 172 pages, 1982. Springer- 
Verlag, Berlin, $26.70. 


Die Funktions-diagnostik der behinderten Nasenatmung. 
Einfuhrung in die Rhinomanometrie 


By W. Bachmann. Black and white illustrations, subject index, 
reading list, hard cover, 143 pages, 1982. Springer-Verlag, 
Berlin, $39.10. 


INFORMATION FOR AUTHORS 


Send mariuscripts by first-class mail to Editor Brian E. McCabe, 
MD, Department of Otolaryngology — Head & Neck Surgery, 
University of Iowa Hospitals and Clinics, Iowa City. IA 52242. 
Original manuscripts which deal with clinical and scientific as- 
pects of otolaryngology, bronchoesophagology, head and neck, 
maxillofacial and plastic surgery, audiology, speeck pathology 
and related specialties will be considered for publication. It is un- 
derstood that manuscripts will not have been published else- 


where. 


MANUSCRIPTS. Papers should be limited to a maximum of 15 
double-spaced typewritten pages including tables and references, 
so as not to exceed the permitted maximum of 6 typeset pages. 
This allows for one page of illustrations. If a manuscript of slight- 
ly greater length is approved by the Editorial Board all typeset 
pages in excess of 6 will be charged to the authors at the 
publisher’s cost of $125 per page. An original of the manuscript 
and one set of original illustrations should be provided for repro- 
duction. Two clear copies of the manuscript and dlustrations 
should be submitted for review. Manuscripts should be typewrit- 
ten on white bond paper (8'4 x 11 in). Use double spacing 
throughout with margins of at least one inch. Each manuscript 
component should begin on a new page in the following sequence: 
title page, abstract and key words, text, acknowledgrr ents, refer- 
ences, tables and legends for illustrations. Number pages consecu- 
tively in the upper right hand corner beginning wfth the title 
page. 


COPYRIGHT. In compliance with the Copyright Revision Act of 
1976, all manuscripts must be accompanied by a letter containing 
the following statement before they will be reviewed fòr publica- 
tion: “In consideration of the Annals of Otology, Rhinology & 
Laryngology taking action in reviewing and editing my (our) sub- 
mission the author(s) undersigned hereby transfers(s), assign(s) or 
otherwise convey(s) all copyright ownership to the Annals Pub- 
lishing Company in the event such work is published in the An- 
nals of Otology, Rhinology & Laryngology.” We regret that man- 
uscripts not accompanied by such a letter will be returned. 


TITLES of manuscripts should be concise and informative and 
worded to facilitate indexing. 


RUNNING HEAD. An abbreviated form of the title, to be used at 
the top of each page, should be provided by the author. 


GENERIC NAMES should be used in the text whenever possible. 


REFERENCES should be numbered consecutively in zhe order in 
which they are first mentioned, and cited in the tert in arabic 
numerals in superscript. The number of references should not ex- 
ceed 30. Use the style of references given in Untform Requtre- 
ments for Manuscripts Submitted to Biomedical Journals. Include 
in the reference list manuscripts accepted but not yet published; 
designate the journal followed by “in press” in parentheses. Man- 
uscripts submitted but not yet accepted should be recerred to as 
“unpublished data” in parentheses in the text. Primary references 
only should be used and must be verified by the authcr(s) against 
the original documents. Examples of correct forms o7 references 
are given below. 


Journal Article 
(List all authors when six or fewer; when seven or 
more, list only first three and add “et al.”) 
Ketchum LD, Smith I, Robinson DW et al. The 
treatment of hypertrophic scar, keloid and scar 
contracture by triamcinolone acetonide. Plast Re- 
constr Surg 1966; 38:200-18. 


Books and Other Monographs 
Personal Author(s) 
Payne SW, Olson MA. The esophagus. Philadel- 
phia: Lea and Febiger, 1974: 1-3. 


Corporate Author 
American Medical Association Department of 
Drugs. AMA drug evaluations. 3rd ed. Littleton: 
Publishing Sciences Group, 1977. 


Chapter in Book 
Belsey R. Diaphragmatic hernia. In: Jones FA, ed. 
Modern trends in gastroenterology. London: But- 
terworths: 1952:128-78. 


ILLUSTRATIONS should be original drawings, glossy 
photographs or halftones. Line drawings should be in black on 
white paper. Letters, numbers and symbols should be clear and 
even throughout, and of sufficient size that when reduced for 
publication, each item is still legible. Titles and detailed explana- 
tions of illustrations must be listed on a separate sheet, not on the 
illustrations themselves. Each figure should have a label pasted on 
the reverse indicating the number of the figure, the names of the 
authors, title of the paper; the top of the figure should be in- 
dicated, Cite each figure in the text in consecutive order. If a 
figure has been published, acknowledge the original source and 
submit written permission from the copyright holder to reproduce 
the material. Actual publication cost of illustrations will be 
charged to the author. Color illustrations are acceptable for 
publication; cost estimates for color separations and printing will 
be provided upon request. 


TABLES should be on separate sheets, numbered consecutively, 
each headed by a concise title. Place explanatory matter in foot- 
notes. Cost of setting tables will be charged to the author. 


MEASUREMENTS should be expressed in the metric system. 
Audiograms must be plotted according to ISO standards. 


ABSTRACTS should contain not more than 150 words and should 
state the purposes of the study, primary procedures, main find- 
ings and the principal conclusions, emphasizing new and impor- 
tant aspects of the investigation. 


PERMISSIONS. Materials taken from other sources must be ac- 
companied by a written statement from both senior author and 
publisher giving permission to the Annals for republication. If 
permission for publication is required by the author’s institution, 
such clearance should be provided. Written permission of subjects 
is required for identifiable photographs of individuals. 


SUPPLEMENTS. A manuscript too long for inclusion in the An- 
nals may be published as a supplement if approved by the Board 
of Editors. All costs must be borne by the author; estimates of cost 
will be provided upon request. Early publication of supplements 
is often possible since supplements are produced independently of 
the regular Annals issues. 


PROOFS accompanied by prints of the illustrations will be sent to 
the first author and should be returned within 48 hours. Changes 
in galley proofs initiated by the author will be charged to the 
author. 


AUTHOR RESPONSIBILITY. All accepted manuscripts are sub- 
ject to copy editing. The author is responsible for all statements in 
his work, including changes made by the copy editor which were 
approved by the author on the proofs. 


REPRINTS. Rates are quoted when the proofs are sent. Orders 
must be signed by the author and returned with the proofs. 


These requirements are in accord with Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals (Lancet 1979; 1: 
498-30). 
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RHINOLOGY AND 
LARYNGOLOGY 


ANNALS OF HEAD AND NECK 
MEDICINE AND SURGERY 


NOTICE TO SUBSCRIBERS 


It is essential that all ADDRESS CHANGES 
be received within 30 days prior to effective 
date. Postage costs have become prohibitive 
and every returned “address unknown” jour- 
nal adds to these costs. Send old and new ad- 
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POSITION AVAILABLE 
OTOLARYNGOLOGIST 


Albemarle, North Carolina 


A great place to live, play, and practice medicine, 
located approximately 42 ales northwest of 
Charlotte. County has population base of 48,000 
and has excellent living conditions, recreational 
facilities, and educational systems. 


dresses as early as possible to: Community completed and occupied in the spring 


of 1981 a new 130-bed, all private room, replace- 
ment hospital with a 29-member medical statf rep- 
resenting the specialties of family practice, internal 
medicine, urology, general surgery, radiology, pedi- 
atrics, obstetrics and gynecology, pathology, opth- 
almology, and orthopedic chad surgery. 


Annals Publishing Company 
4949 Forest Park Boulevard 
St. Louis, MO 63108 


For further information send curriculum vitae to: 
Mr. Donald B. Logan, Stanly Memorial Hospital, 
Inc., P. O. Box 1489, Albemarle, NC 28001. A148 


ANNALS SUPPLEMENTS 


. Profound Childhood Deafness: Inner Ear Pathology. John R. Lindsay, MD. 124 pages — 
$10.00. 


. Workshop on Tonsillectomy and Adenoidectomy. 80 pages — $8.25. 


. Principles of Electric Response Audiometry. Hallowell Davis, MD. 90 pages — $8.25. 


. Thyroid Disease: A Guide for the Head and Neck Surgeon. Robert M. Bumsted, MD. 16 pages 
— $3.50. 


. Manual for Care of the Montgomery Silicone Tracheal T-Tube. William W. Montgomery, 
MD. 12 pages — $3.50. 


. Childhood Communication Disorders: Present Status and Future Priorities. 192 pages — 
$12.00. 


. Cochlear Implants: Progress and Perspectives. W. F. House, MD; K. I. Berliner, PhD; eds. 124 
pages — $12.50. 


. Fibrous Dysplasia: A Review of the Disease and Its Manifestations in the Temporal Bone. 
G. T. Nager, MD; D. W. Kennedy, MD; E. K. Kopstein, MD. 52 pages — $7.50. 


. Endotracheal Artificial Larynx. V. S. Dayal, MB, FRCS(C); M. L. G. Joy, PhD, PEng; 
R. E. Moon, MD, FRCP(C); A. Lo, BASc; A. Jares. 32 pages — $6.00. 


ANNALS PUBLISHING COMPANY 
4949 Forest Park Blvd. 
St. Louis, Missouri 63108 





HOUSE EAR INSTITUTE 
CE 
TEMPORAL BONE SURGICAL DISSECTION — 1983 
M 


New Intensive One Week and Two Week Courses 


Hand Pieces, burrs and basic equipment will be provided. 
eee: E W OE PTONEEG 


These courses are designed for the practicing otolaryngologist and senior resident in training, with 
special emphasis on the common prob ems encountered in daily practice. 

To meet requests, primarily for the specialist in practice, the institute is offering full one week 
courses in addition to its historic two week course. 

During the day participants will cissect temporal bones and observe selected telecasts of live 
surgery and edited tapes. Evening lectures and films will demonstrate the techniques of temporal bone 
surgery as practiced by the members of the Otologic Medical Group, Inc. 


One Week Course (CME 62 Hrs.) Two Week Course (CME 100 hrs. ) 


January 15-22, 1983 Nov. 27-Dec. 10, 1982 
March 5-12, 1983 June 5-17, 1983 
November 12-19, 1983 September 11-23, 1983 
Physicians $850.00 Physicians $1500.00 
Residents 650.00 Residents 1200.00 


Antonio Le la Cruz, M.D., Director—TBSDC 
House Ear Institute * 256 South Lake Street, Los Angeles, California 90057 * (213) 483-4431 
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Montgomery* Tracheal Prostheses 





Boston Medical Products, Inc. 
eee a 8 eee ae ee aes 


Boston Medicat Products offers tracheal and esophageal prostheses and related instruments 
In a range of s Zes: 

Montgomery Tracheal T-Tubes for tracheal reconstruction. 

Montgomery Tracheal Cannula, short-term and long-term models. 

Montgomery one-way tracheal valves. 

Montgomery Tracheal Trephine Fenestrator. 

Montgomery esophageal tubes. 

Montgomery salivary bypass tubes. 


Address orders or inquiries to: 
Anun af Boston Medical Products Inc. 
120 Lewis Wharf 


Montgomery Tracheal Cannula Boston, Massachusetts 02110 
617/523-3017 
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Montgomery T-Tube | 2 





“Montgomery, WW Silicone Tracheal T-Tube, in: Surgery of the Upper Respiratory System, VoL 2, 382-391, 
Lea & Febiger, Philadelphia, 1973. 
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Nose Hygiene 


Chronic nasal conditions may be 
alleviated through nasal cleanliness 
— often induced by flushing the 
nasal tract with ALKALOL used 
with the ALKALOL NASAL CUP. 
This plastic CUP may be auto- 


claved. 


Cup available on request. 


THE ALKALOL COMPANY 
Taunton, Mass. 02780 





POSITION 
AVAILABLE 


OTOLARYNGOLOGIST 


Join a progressive multispecialty group of 
40+ physicians. Pleasant, growing communi- 
ty; many outdoor recreational opportunities; 


high quality of life. Referral area: 150,000. 
Liberal financial benefits. 


Send curriculum vitae to: 
J. P. Merickel, MD 
101 Willmar Avenue 
Willmar, MN 56201 





THE AMERICAN ACADEMY 
OF FACIAL PLASTIC AND 
RECONSTRUCTIVE 
SURGERY 
presents the 
FOURTH INTERNATIONAL 
SYMPOSIUM ON PLASTIC 
AND RECONSTRUCTIVE 
SURGERY OF THE 
HEAD AND NECK 
May 29— June 2, 1983 
LOS ANGELES 


The program will present many of the world’s foremost 
specialists in facial plastic and reconstructive surgery. 
Through formal papers, courses, video tapes, films, and 
other curriculum media, these distinguished surgeons and 
physicians will share their knowledge, skills and 
experience in plastic and reconstructive surgery of... 


the nose... ear... oral cavity, tongue and jaws... 
pharynx, larynx, esophagus and trachea... face... 
auricle . . . eyelid and scalp. 


FINAL CALL FOR SCIENTIFIC PAPERS 
AND INSTRUCTION COURSES 


Please submit for consideration title and a one-page 
abstract describing your proposed area of discussion to: 

Paul H. Ward, M.D. 

Symposium Program Chairman 

Division of Head and Neck Surgery 

UCLA School of Medicine 

Los Angeles, CA 90024 

DEADLINE: November 30, 1982 

& 


For Symposium Information and Registration write: 
Walter E. Berman, M.D., General Chairman 
9735 Wilshire Blvd. 
Beverly Hills, CA 90212 





WINTER MEETING — 1983 


February 6-12, 1983 
MONT TREMBLANT LODGE 
Quebec, Canada 


UNIVERSITY OF TORONTO 
and 
CLEVELAND CLINIC FOUNDATION 


The faculty will cover a wide range of topics during early morning and late afternoon sessions. Infor- 
mality with registrant participation encouraged. 


ents les 


Mont Tremblant Lodge is an unique “village” resort at the base of Mont Tremblant 80 miles north of 
Montreal. Excellent downhill and cross-country ski facilities. Ideal for a family holiday. 


ENROLLMENT LIMITED 
Registration Fee: Physicians — $300 (Canadian), $250 (US) 
Residents — $200 (Canadian), $165 (US) 
AMA Category I —16 hours 


For further information contact: William S. Crysdale, MD, 555 University Avenue, Suite 6118, Toron- 
to, Canada M5G 1X8, (416) 597-0218. 
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THE DEPARTMENT pl ait ari 
and. 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 
l Announce a Postgraduate Course 


SURGERY CF THE PARANASAL SINUSES 


Course Directors 
William Lawzon, MD, DDS, Hugh F. Biller, MD 
with Mount Sinai School of Medicine Faculty 
November 29-December 3, 1982 


Monday through Friday 
9:00 4M to 5:00 PM (Five Sessions) 


All aspects of surgery of the Paranasal Sinuses are covered by this comprehensive 5-day course, as well as 
the pathology and radiology of sinus disease. External, transantral and intranasal operative procedures 
are eee: A Intranasal Beochan o is emphasized. Fresh cadaver material is extensive- 
ly for instruction. | 


FEE: $600. 
This course will be given at Mount Sinai Medical Center, New York City, New York. 


Apply to: Director, The and William Black Post-Graduate School of Medicine, Mount Sinai School 
of Medicine, One Gustave L. Levy Place. New York, New York 10029; (212) 650-6737. ALAS 
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LISTEN— 
to what our new audio 
has to offer your clinic or ‘practice 


The 1715 E voos complex testing capabi a 
diagnostic procedures and hearing aid Ponana 
at an affordable price! : 


e Two channels 

e Eleven discrete frequencies 

e Four speech modes | — . 
° Automatic. selection of masking signal- ss 


x Pushbutton selection o tone mogps: 
and output transducers. 2 


All this and much, much nore including Grason-Stadler's — 
reputation for quality and performance. > ae 
The 1715... the multi-featured audiometer designed 

with the user in mind. — = 


For further information on what the 1715 has to offer, call or write: Grason-Stadler, inc. : 
ae C- eo 


617/486-3514 


Distributed outside U.S.A. by Grason-Stadler International, Inc. 

















THE 
DEPARTMENT OF OTOLARYNGOLOGY 
AND 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF 
MEDICINE 
OF THE 
MOUNT SINAI SCHOOL 
OF MEDICINE (CUNY) 


Announce a Postgraduate Course 


HEAD AND NECK SURGERY 


Under the Direction of 


Hugh F. Biller, MD 


and Faculty 


February 14-18, 1983 
Monday through Friday 
8:00 AM to 5:00 PM (Five Sessions) 
The course will concentrate on neck surgery. Lectures and cadaver 
dissection will be utilized to demonstrate partial laryngectomy and 
laryngopharyngectomy, total laryngectomy and laryngopharyn- 
gectomy, laryngotracheal autograft, pharyngotomy, arytenoidee- 
tomy, diverticulectomy, post-traumatic laryngeal and tracheal re- 
pair, thyroidectomy, various procedures for vocal cord reconstruc- 
tion, pedicle flap reconstruction for oral and hypopharyngeal le- 
sions, parotidectomy, rhinotomy, and maxillectomy. 


Maximum: 12 persons. 
FEE: $1200 


This course will be given at the Mount Sinai Medical Center, New 
York City, New York. 


Apply to: Director, The Page and William Black Post-Graduate 
School of Medicine, Mount Sinai School of Medicine, One Gustave 
L. Levy Place, New York, NY 10029: (212) 650-6737. A146 





TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 


Malcolm D. Graham, MD, Course Director 


Nov. 8-12, 1982: 
Jan. 10-14, 1983; March 14-18, 1983: 
May 9-13, 1983; June 13-17, 1983; 
Sept. 26-30, 1983; Nov. 14-18, 1983 


Intensive one-week courses emphasize the surgical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otologic 
surgeon, utilizing lectures, videotape presentations 
of surgical techniques and temporal bone dissection. 


Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experience in 
both temporal bone anatomy and surgical tech- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, blending basic 
science and clinical otologic instruction. Dissection 
instruments will be provided. 


FEE — $1000 


50 Hours Category I CME Credits 


For further information contact: Malcolm D. 
Graham, MD, Dept. of Otorhinolaryngology, Uni- 
versity of Michigan Medical Center, Ann Arbor, MI 
48109, (313) 764-4131 or (313) 764-8110. A45 
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Every precaution is taken to insure accuracy, but we cannot guarantee 
against the possibility of an occasional change or omission in the prepara- 


tion of this index. 


Oto-Rhino-Laryngology. For work 
so precise, depend on Karl Storz 
endoscopes. You'll be able to see 
things as never before. 


Karl Storz was the first to utilize 
Professor Hopkins’ unique rod lens 
optical system. So even our 
smallest telescopes will provide you 
with a true-to-color image, ultra-high 
resolution and brilliant distal illu- 
mination. Our wide viewing angles 
give you the whole picture. 


Our instruments include 
tele-otoscopes, nasal and sinus 
endoscopes, direct, indirect and 
open tube laryngoscopes. 


se see Us atthe American Academy Mee tinh: 


In fact, Karl Storz can provide 
superior quality endoscopes and 
accessories for all your diagnostic, 


operative and documentation needs. 


If an instrument should become 
damaged, our computer assisted 
Repair/Exchange program will 
usually provide a replacement 
within days. Our instruments are 
backed up by a nationwide force of 
endoscopic representatives, and 
our Customer Service Department 
is on call to answer your questions, 
and provide information. 


Karl Storz 


8702 D 
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Endoscopy. Sce tour way 


At Karl Storz our commitment to 
the Surgeon does not stop at the 
purchase of our instruments. Our 
Customer Relations Department is 
equipped with an extensive refer- 
ence library of films, books, and 
journal reprints available to you, 
free of charge. 


From diagnosis to documentation, 
Karl Storz endoscopes will see you 
through. 


Karl Storz Endoscopy-America, Inc. 
10111 West Jefferson Boulevard 
Culver City, California 90230 

Toll Free: (800) 421-0837 

Toll Free Within California: 

(800) 252-2008 
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In the treatment 

of otitis externa 
be sure 
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CORTISPORIN 


Otic Solution sterile 


-(POLYMYXIN B-NEOMYCIN- 
HYDROCORTISONE) 








Otic Suspension sterile 
(POLYMYXIN B-NEOMYCIN- 
HYDROCORTISONE) 
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Economical broad-spectrum bactericidal 


CORTISPORIN® OTIC SUSPENSION Sterile (Polymyxin B-Neomycin-Hydro- 
cortisone) 
DESCRIPTION Each cc contains: 


Aerosporin® (Polymyxin B Sulfate)... .. 13,000 units 
Neomycin sulfate (equivalent to 3.5 mg neomycin base) 5 mg 
Hydrocortisone ; 10 mg (1%) 

The vehicle contains the inactive ingredients cetyl alcohol, propyEne glycol, 


polysorbate 80, water for injection and thimerosal (preservative) 0.04% 
INDICATIONS: For the treatment of superficial bacterial infections of the ex- 
ternal auditory canal caused by organisms susceptible to the action of the anti- 
biotics, and for the treatment of infections of mastoidectomy and fenestration 
cavities Caused by organisms susceptible to the antibiotics. 

PRECAUTIONS: This drug should be used with care in cases of perforated 
eardrum and in long-standing cases of chronic otitis media because cf the possi- 
bility of ototoxicity caused by neomycin 

CORTISPORIN® OTIC SOLUTION Sterile (Polymyxin B-Neomycin-Hyd-ocortisone) 
DESCRIPTION: Each cc contains: 


Aerosporin® (Polymyxin B Sulfate) 1,000 units 

Neomycin sulfate 5mg 
(equivalent to 3.5 mg neomycin base) 

Hydrocortisone. . 10 mg (1%) 


The vehicle contains the inactive ingredients cupric sulfate, glyc2rin, hydro- 
chloric acid, propylene glycol, water for injection and potassium metabisulfite 
(preservative) 0.1%. 

INDICATIONS: For the treatment of superficial bacterial infections of he external 
auditory canal caused by organisms susceptible to the action of the antibiotics. 
PRECAUTIONS: This drug should be used with care when 
the integrity of the tympanic membrane is in question be- 
cause of the possibility of ototoxicity caused by neomycin. 
ADVERSE REACTIONS: Stinging and burning have been aval 
reported when this drug has gained access to the middle ear. = 
ellcome 


/ Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 


CONTRAINDICATIONS, WARNINGS, PRECAUTIONS AND 
ADVERSE REACTIONS COMMON TO BOTH PRODUCTS 
CONTRAINDICATIONS: These products are contraindicated in those individuals 
who have shown hypersensitivity to any of the components, and in herpes 
simplex, vaccinia and varicella 
WARNINGS: As with other antibiotic preparations. prolonged treatment may 
result in overgrowth of nonsusceptible organisms and fungi. If the infection is 
not improved after one week, cultures and susceptibility tests should be repeated 
to verify the identity of the organism and to determine whether therapy should 
be changed 

When using neomycin-containing products to control secondary infection in the 
chronic dermatoses, such as chronic otitis externa, it should be borne in mind that 
the skin in these conditions is more liable than is normal skin to become sensitized 
to many substances, including neomycin. The manifestation of sensitization to 
neomycin is usually a low grade reddening with swelling, dry scaling and itching; 
it may be manifest simply as a failure to heal. During long-term use of neomycin- 
containing products, periodic examination for such signs is advisable and the 
patient should be told to discontinue the product if they are observed. These 
symptoms regress quickly on withdrawing the medication Neomycin-containing 
applications should be avoided for that patient thereafter. 
PRECAUTIONS: If sensitization or irritation occurs, medication should be dis- 
continued promptly. Patients who prefer to warm the medication before using 
should be cautioned against heating the solution above body temperature, in 
order to avoid loss of potency 

Treatment should not be continued for longer than ten days. Allergic cross- 
reactions may occur which could prevent the use of any or all of the following 
antibiotics for the treatment of future infections: kanamycin, 
paromomycin, streptomycin, and possibly gentamicin 
ADVERSE REACTIONS: Neomycin is a not uncommon 
cutaneous sensitizer. There are articles in the current litera- 
ture that indicate an increase in the prevalence of persons 
sensitive to neomycin 
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PAPERS PRESENTED AT THE MEETING OF THE 
AMERICAN OTOLOGICAL SOCIETY, INC. 
PART 2 


CONTENTS 


Cochlear and Otoconial Abnormalities in Capsular Otosclerosis with Hydrops. 
L-G. Johnsson, MD; J. E. Hawkins, Jr, DSe; R. C. Rouse, PhD; F. H. Linthicum, Jr, MD .......... 3 


Behavior of the Vestibular Nerve Following Labyrinthectomy. 
Re pe SE EE 6k Ged 0G hx 2 ok Ea ee EEPE we OSER ns hea E 16 


The Facial Canal: Normal Anatomy, Variations and Anomalies. 
Dy rrotat; MD: ta. TV Neer MD 6 bindes Pian dans aes dium cs bb 6 Sabo er ae eed be Ra ibs 33 


Speech and Language Development in a Parent-Infant Total Communication Program. 
A. Dee, MA; I. Rapin, MD; R. J. Ruben, MD............ WEE PESE FE FEIE EO Te etre eee 62 


COCHLEAR AND OTOCONIAL ABNORMALITIES 
IN CAPSULAR OTOSCLEROSIS WITH HYDROPS 


LARS-GORAN JOHNSSON, MD 


HELSINKI, FINLAND 


ROLAND C. ROUSE, PHD 


ANN ARBOR, MICHIGAN 
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Temporal bones from four patients with capsular otosclerosis were examined by microdissection. Otoconia and abnormal crystalline 
deposits were studied by scanning electron microscopy and x-ray analytical methods. One patient showed more or less symmetrical inva- 
sion of the basilar membrane and osseous lamina by connective tissue from thickened endosteum adjacent to the larger anterior foci. In one 
ear sensorineural degeneration was circumscribed; in the other it was extensive and associated with cochleosaccular hydrops. Two other 
patients were deaf, with severe sensorineural degeneration; one had multiple active foci and evidence of cochleosaccular hydrops. In the 
fourth patient, who had small anterior foci, no specific inner ear pathology was feund related to otosclerosis. In the hydropic labyrinths, 
apatite was present as abnormal deposits in the cochlear duct and as rigid crusts replacing the otoconia. Apparently these changes had been 
associated with abnormal labyrinthine fluid dynamics rather than with the otospongiotic process per se. 


INTRODUCTION 


This paper presents further observations on the 
effect of capsular otosclerosis on the inner ear as 
seen by microdissection complemented by cellcidin 
sectioning of the remaining bone, including the 
modiolus and the floor of scala tympani. The term 
capsular otosclerosis is used to denote the condition 
involving extensive spread of the otosclerotic pro- 
cess from the margin of the oval window to invade 
other portions of the otic capsule. It is thus distin- 
guished from histological otosclerosis, which 
denotes the presence of an otosclerotic lesion not af- 
fecting either the conductive or the sensory compo- 
nent of hearing, and cochlear otosclerosis, which 
has been postulated to affect the sensory component 
only, without fixation of the stapes. 


Microdissection is not, as indicated in an earlier 
publication, an ideal method for histological obser- 
vation of the changes in bone.’ On the other hand, 
it does show the histological changes in the mem- 
branous labyrinth and its vasculature in relation to 
the otosclerotic process better than other tech- 
niques. Furthermore, microdissection leaves pa- 
thological crystalline deposits and otoconia unaf- 
fected by decalcifying agents used in conventional 
histology. As a result, we have been able to employ 
the techniques of x-ray diffraction and x-ray energy 
dispersive analysis to reveal new features of oto- 
conial pathology and to identify abnormal crystal- 
line deposits in the labyrinth.’~° 


In our previous report we concluded that there is 


a common, characteristic pattern of expansion of an 
anterior focus from the margin of the oval window 
toward the apex of the cochlea. Therefore, the up- 
pez half of the basal turn located just anterior to the 
oval window becomes a target for possible toxic 
substances released by the focus and a site of pre- 
dikection for sensorineural degeneration, which oc- 
curs especially when an active process invades or in- 
volves the endosteum of the scalae. ' 


Causse and Chevance’ identified proteolytic en- 
zymes in perilymph samples from patients with oto- 
sclerosis and showed a correlation between abnor- 
mal enzyme activity in the perilymph and the de- 
gree of sensorineural hearing loss. Such enzymes 
could act directly upon Corti’s organ and could thus 
be responsible for the types of circumscribed degen- 
eration we have described.' They could also diffuse 
into perilymph and cause sensorineural degenera- 
ticn in the lower half of the basal turn close to the 
focus, er more extensive cochlear injury depending 
or the size and activity of the otosclerotic process. ' 


In cases where the endosteum of the cochlea has 
been invaded by otosclerosis, we have observed a 
loss of overlying blood vessels which presumably af- 
fected the microcirculation of the cochlea. Forms of 
vestibular pathology which had not been docu- 
mented before were also found.’ In the present 
peper evidence is presented that supports the find- 
ings of our previous investigation, and a new form 
of pathology is described in the specific region of the 
cochlea which we proposed as a predilectional site 
of damage in otosclerosis. 
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MATERIALS AND METHODS 


The temporal bones were processed using the technaque of 
microdissection and surface preparations described in twc of our 
previous papers.'* The inner ears were fixed and stained with 
repeated perilymphatic perfusion of 1% osmium tetroxide in- 
jected through the round window. Otosclerotic foci are dis- 
tinguished from normal capsular bone by their different texture 
and color. Foci which are active or in a spongiotic state are soft, 
vascular, and darkly-stained. Inactive foci are hard, white, 
dense, and poorly vascularized. An estimate of the state of activity 
of each focus was made during removal of the otic capsule with a 
dental drill and during the microdissection. ' 


CASE REPORTS 
Case 1l 


HISTORY 


The most interesting findings were made in this 
case, which showed unique cochlear pathclogy. 
The patient was a 73-year-old woman with severe 
arteriosclerosis, who had undergone abdominal 


Fig. 1. (Case 1) Left (A, C) and right (B, 
D) ears. A and B show respective otic 
capsules; C and D, osseous spiral laminae 
and basilar membranes. OW - Oval win- 
dow, RW - Round window. A) In addi- 
tion to anterior focus, note separate 
apical focus (arrow). B) Expansion of 
anterior focus to involve apical turn. C) 
Complete degeneration of Corti’s organ 


aneurysmectomy and bilateral amputation below 
the knee. She never recovered from surgery and 
died five months later in the intensive care unit, 
after several attempts to treat a postoperative inter- 
mittent sepsis with antibiotic had failed. In addi- 
tion to the sepsis, renal insufficiency was considered 
to be an underlying cause of death. The BUN was 
approximately 50-60 mg% and the creatinine clear- 
ance was approximately 15-20 ml/min during the 
last month of her life. 


The patient had been hard of hearing for several 
years, the right being the better ear. Because of the 
sepsis, she was given tobramycin 20 mg every eight 
hours for about a month. Before that she underwent 
a month of treatment with tobramycin at another 
hospital. After her last tobramycin treatment she 
was given a combination of amikacin 150 mg and 
vancomycin 200 mg every 12 hours for about a 
week. Her hearing gradually worsened during this 
treatment. The physicians and nurses in the inten- 
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and nerve fibers. Arrow points to growth 
of connective tissue, located 19.7 mm 
from basal end. D) Cochlea, showing 
thickening of endosteum (Eo) next to oto- 
sclerotic Ak and growth of connective 
tissue (arrow) onto basilar membrane in 
region located 22.4 mm from basal end. 
Inset) Close-up of area of basilar mem- 
brane pathology. (OsO4) 


sive care unit thought her to be completely deaf, 
but in the absence of audiometric studies one can- 
not be certain that she had no residual hearing at 
the time of death. In view of the labyrinthine hy- 
drops found in both ears, it is important to notethat 
according to her next of kin she never complained of 
dizziness, tinnitus, or feelings of aural fullness. 


HISTOPATHOLOGY 


Extent and Nature of the Foci. Both temporal 
bones were obtained at autopsy 24 hours postmor- 
tem. The stapes were completely ankylotic. The ex- 
tent and nature of the otosclerotic process was sim- 
ilar in both ears (Fig. 1). The pathological bone sur- 
rounded the oval window and extended anteriorly 
in the characteristic fashion described earlier’ to in- 
volve the upper end of the basal turn and the apical 
turn. The left ear actually had a separate apical 
process set apart from the main focus by a narrow 
bridge of normal-appearing bone; in addition there 
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was a small focus in the wall of the scala tympani 
just anterior to the round window. There was a 
clearly visible border between the normal and the 
otosclerotic bone, which was white, hard, and 
sclerotic in both ears. The process was therefore 
considered to be inactive at the time of death. 


In the right ear the otosclerotic process reached 
the endosteum in all three scalae in the upper half 
of the basal turn. In the apical turn only the walls of 
the scala media and scala vestibuli were involved. 
Ir the left ear the process reached the endosteum 
only in the scala media and the scala tympani of the 
upper basal turn. In neither ear was there any visi- 
ble thiekening of the endosteum directly underlying 
otosclerotic bone. The main otosclerotic process in 
this ear also extended into the lateral third of the 
spheroid recess where the pathological bone im- 
pinged upon the saccular nerve. 


Cochlear Pathology Adjacent to the Foci. Two 
forms of pathology were observed involving the 
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Fig. 2 (Case 1) Cytocochleogram for right ear, showir g loss of hair cells at basilar membrane lesion in Fig. 1D. Note maximal de- 
generation at 18 to 25 mm (upper basal turn), site of p-edilection. Oval spot indicates location of connective tissue growth shown in 
Fig. 1D. Dashed horizontal bar below curves represents condition of peripheral processes of cochlear neurons in osseous spiral 
lamina. They were severely degenerated at extreme basal end (dotted line, 0 to 3 mm), and partly degenerated throughout rest of 


cochlea. Total length of basilar membrane, 36.3 mm 


basilar membrane and the spiral ligament, respec- 
tively; both appeared to be directly related to the 
otosclerotic process. 


In both ears connective tissue was present on a 
small portion of the basilar membrane or the osse- 
ous spiral lamina in the upper half of the basal turn. 
On the right side there was a localized thickening of 
the endosteum just apical to the upper marzin of 
otosclerotic bone, 22.42 mm from the basal end. 
The total length of the cochlea was 36.3 mm. From 
this area connective tissue extended to cover both 
sides of the basilar membrane and the margin of the 
osseous spiral lamina (Fig. 1D). The maximum 
width c“ clumps of tissue was 0.48 mm. It was high- 
ly cellular and dense, but no fibrillar structures 
could be discerned. Vascularization was poor, but 
two capillaries were seen to enter the growth, one 
from each side. The capillaries came from the inner 
and outer spiral vessels, respectively. There was 
complete hair cell loss at the site of the lesion and 
hair cell degeneration on both sides of it (Fig. 2). 
The distal ends of the nerve fibers covered by the 
tissue had degenerated, much as they do after oto- 
toxic injury.’ 


The changes in the left ear were different, in that 
there was no visible thickening of the endosteum, 
and the tissue formation was not clearly in contin- 
uity with the bony wall of the cochlea, although it 
was located adjacent to otosclerotic bone just anter- 
ior to the oval window. The growth, which was 
similar in appearance to that in the right ear but 
avascular, covered both sides of the osseous spiral 
lamina and the inner margin of the basilar mem- 
brane but was not in contact with the endosteum 
covering the otosclerotic bone (Fig. 1C). The 


growth was 0.46 mm wide and located 19.74 mm 
from the basal end of the cochlea (total length 36.3 
mm). 


In the left ear the spiral ligament was partially 
calcified and atrophic in an area which precisely 
corresponded to the location and extent of otoscle- 
rotic bone reaching the upper half of the basal turn 
(Fig. 3). 


Left Cochlea. The most severe changes were 
found on this side (Fig. 1C). No hair cells were pres- 
ent and the tectorial membrane was rolled in a nar- 
row, distorted ribbon which was partly pulled 
away from the limbus. No nerve fibers were seen in 
the osseous spiral lamina except in the apical turn. 
There a faint network of nerve fibers was present in 
a narrow segment where some supporting elements 
remained on the basilar membrane. The width of 
this area measured at the habenula perforata was 1 
mm. 


It was obvious that severe cochleosaccular hy- 
drops had been present at some time in life and that 
Reissner's membrane had subsequently collapsed, 
presumably after overexpansion and rupture. No 
separate endolymphatic space was found. Reissner’s 
membrane was adherent to large areas of the spiral 
ligament and to the bony wall of the modiolus in the 
scala vestibuli. In the upper half of the basal turn 
next to the otosclerotic focus, Reissner’s membrane 
formed a cyst-like space above the basilar mem- 
brane. In the apical turn the membrane had herni- 
ated through the helicotrema into the scala tym- 
pani. There were also two small oblong holes in the 
outermost third of the basilar membrane in the 
apical turn. The size of the holes was approximately 
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Fig. 3. Er 1) Spiral ligament from una half of basal turn of left ear. S - Area normally covered by stria, which has atrophied. 


Note calcification (white area) of spira 


35 by 15 um. We have observed similar defects in 
the basilar membrane previously in a case of laby- 
rinthine hydrops and otosclerosis. ' 


The cells in Reissner’s membrane were not larger 
than in nonhydropic specimens. On the contrary, in 
some areas the cells were smaller, indicating an in- 
crease in the number of cells per unit area in re- 
sponse to the increase in the volume of endolymph. 
A few individual epithelial cells had very light cyto- 
plasm and appeared abnormal. In the middle turn 
epithelial cells were missing in small areas at the 
margin of the membrane. This is in agreement with 
our previous observations in hydropic ears.?!°™ 


There was complete strial atrophy in the basa! 
and middle turns. Small clumps of osmiophilic tis- 
sue were seen in the area normally covered by the 
stria; this gave the lateral cochlear wall an appear- 
ance reminiscent of that seen in deaf Dalmatian 
dogs.'* In the apical turn a thin stripe of stria re- 
mained. In the lower half of the basal turn portions 
of the spiral ligament ordinarily covered by the stria 
were also atrophic, with numerous small roundish 
spaces within the tissue. This gave the spiral liga- 
ment a spongy appearance similar to what we have 
observed in Alport’s syndrome." In the upper half of 
the basal turn there was a focal calcification of the 
spiral ligament, as previously mentioned (Fig. 3). 


Numerous crystalline deposits were found on the 
basilar membrane and on the bare surface of the 
spiral ligament once covered by the stria. The 
largest deposits were seen on the basilar membrane 
in the “hook” and in the upper half of the basa! 
turn. Two samples of the latter material proved to 
be spherulitic apatite similar to that described pre- 
viously.’ The distribution of the deposits appeared 
random except in the basal turn, where small de- 
posits were seen along the distorted tectorial mem- 
brane and the limbus. 


Right Cochlea. Reissner’s membrane was in nor- 
mal position in this ear. There was almost complete 
loss of sensory cells in the first 12 mm of the basal 


igament adjacent to focus. (OsO,) 


turn and a mild nerve degeneration in the first half 
of this turn. These changes were probably age-re- 
lated."* The extent and degree of sensorineural de- 
generation are shown in Figure 1D and in the cyto- 
cochleogram in Figure 2. Considering the patient’s 
age and the extent of outer hair cell loss, there was 
remarkably little nerve fiber degeneration in the os- 
seous spiral lamina. The inner hair cells were almost 
intact. The most striking finding was the circum- 
scribed hair cell degeneration associated with the 
tissue growth already described, shown as a dip in 
the cytocochleogram. 


There was a diffuse atrophy of the stria vascularis 
throughout the basal and middle turns. In the 
apical turn, the stria was narrowed by atrophy at 
both margins, and a large, dilated capillary ran 
longitudinally through the remaining strip. 


Vestibular Pathology. In the left (hydropic) ear 
the wall of the saccule was collapsed. Only a small, 
isolated, tent-like space remained along the striola 
line. This space was occupied by the displaced rem- 
nant of the otoconial membrane, ie, only the gela- 
tinous layer;'* no saccular otoconia were present in 
either ear. The saccular maculae in both ears 
showed severe nerve degeneration, which was al- 
mast complete on the left side. The utricular macu- 
lae showed only a mild nerve degeneration, and 
mast of the otoconia were present (Fig. 4). In the 
right utricle these otoconia were of normal calcite, 
but the left utricle contained some apatite mixed 
with the calcite. 


The vestibular neuroepithelia were studied with 
the scanning electron microscope. They were poorly 
preserved and only a crude picture of the condition 
of the neuroepithelia was obtained, but both ears 
showed a severe loss of vestibular sensory cells. The 
degeneration was somewhat more severe on the 
cristae than on the maculae. In the right utricle the 
loss of hair cells was most pronounced along the 
striola line. 
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Fig. 4. (Case 1) A) Left and B) right sac- 
cular ‘maculae; C) left and D) right 
utricular maculae. Note in A collapsed 
saccular wall (arrow) forming pocket 
enclosing folded otoconial nat EPRA p 
Compare marked neural degeneration 
beneath saccular maculae with milder 
utricular neural degeneration. (OsO,) 


Case 2 
HISTORY 


The patient was a 78-year-old man. At the age of 
14 he noticed a hearing loss, which he believed had 
begun when he was hit in the left ear by a baseball. 
The hearing loss progressed and by the time tne pa- 
tient was 19 years old, he was quite hard of hearing 
but able to use a hearing aid. Apparently, he wore a 
bone-conduction aid until he was about 40 years 
old. In his 60s he visited an otologist and was found 
to be completely deaf. There was no history of ear 
infections or bone fractures and no visible anom- 
alies except that the patient had blue sclerae. 


Judging from a questionnaire the patient an- 
swered at the age of 64, he suffered almost con- 
stantly from tinnitus which sounded like escaping 
steam. He had no dizzy spells, but reported that his 
sense of balance was poor. His father had become 
hard of hearing in later life, and 5 of 7 mem Ders of 
the father’s family had blue sclerae. Two of them 
were hard of hearing. The patient had one daughter 
who was also hard of hearing. 


HISTOPATHOLOGY 


Extent and Nature of the Foci. Both temporal 
bones were obtained 15 hours postmortem. The 
stapes were ankylotic and their footplates thick- 
ened, but otherwise they were of normal shape. The 
otic capsule in both ears was almost completely in- 
vaded by multiple foci in an irregular and diffuse 
fashion so that the precise spread of the patho ogical 
process was difficult to determine. In addition, 
well-defined, soft or spongiotic foci were seen adja- 
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cent to the upper half of the basal turn anterior to 
the oval window and in the middle of the basal turn 
adjacent to the scala tympani. 


Right Cochlea. No hair cells were present, and 
there was complete loss of nerve fibers in the osseous 
spiral lamina. The tectorial membrane was rolled 
up, distorted, and partly displaced peripherally on 
the basilar membrane, presumably as a result of hy- 
drops. In the middle turn a portion of the tectorial 
membrane had become attached to that part of the 
spiral ligament normally covered by the stria. A 
narrow strip of supporting elements remained on 
the basilar membrane. This is an unusual occur- 
rence in association with complete nerve degenera- 
tion. It may have been the result of an independent 
neural degeneration preceding or simultaneous with 
the sensory cell degeneration. There were faint 
traces of radial nerve fibers in the osseous spiral 
lamina. They probably represented remnants of 
myelin sheaths in the empty bone channels which 
once had contained nerve fibers passing to the mod- 
iolus.'® 


Severe hydrops was present; Reissner’s mem- 
brane bulged outward and adhered to the spiral lig- 
ament and to the bony wall of the modiolus in the 
scala vestibuli. In the apical turn the membrane 
had herniated through the helicotrema into the 
scala tympani and extended in the basal direction 
well into the middle turn. 


The changes in Reissner’s membrane were similar 
to those seen in the left ear of the patient in case 1. 
There was marked hyperplasia of epithelial cells, 
especially in the basal turn, where the cells were 
small and greatly increased in number per unit 
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area. A few minute perforations were seen in the 
membrane in the middle turn. 


There was complete strial atrophy in the apical 
turn and in the upper half of the middle turn. The 
stria in the rest of the cochlea was atrophic and 
poorly vascularized. Some of the remaining capil- 
laries were dilated. Several glassy-appearing round- 
ish crystals were seen on the surface once covered by 
stria. Most frequently there was a clump of crystals 
surrounded by scattered smaller crystals. In the 
basal turn beads of crystalline material were ar- 
ranged along atrophied strial capillaries. Similar 
calcification has been seen in the stria of old dogs 
and in an aged chimpanzee.” 


The spiral ligament was atrophic, but its outer 
surface adjacent to the endosteum was dense and fi- 


Fig. 5. (Case 2) A) View of floor of scala 
mapan in right ear, showing thin layer 
of diffuse bone growth. Note loss of 
venules and capillaries normally seen as 
distinct ppro i (see Fig. 6D) (OsO,). B) 
Complete sensorineural degeneration in 
left ear in presence of extensive, multiple 
foci. BM - Basilar membrane; OL - Osse- 
ous spiral lamina, devoid of nerve fibers, 
apa and attached to new bone oc- 
cluding scala tympani. 


brotic. There was a severe loss of capillaries and of 
some arterioles, much more so than one would ex- 
pect in an ear from this age group.'* Some of the re- 
maining arterioles were markedly dilated. 


The scala tympani was slightly narrowed by some 
new bone formation in the first 7 mm of the 
ccchlea, and the osseous spiral lamina, which is 
usually somewhat flexible in this area, was rigid 
and opaque. The endosteum in the scala tympani 
was thickened in all three turns and darkly stained. 
There was a severe loss of the capillary network on 
the wall of the scala tympani, and most of the 
venules normally taking a radial course toward the 
modiolus were missing (Fig. 5A). The remaining 
vessels were severely dilated. 


Left Cochlea. The pathological changes were 
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similar to those in the right ear but more severe, No 
hair cells or even supporting cells were present, and 
no nerve fibers were seen in the osseous spira. lami- 
na (Fig. 5B). The tectorial membrane was distorted 
and rolled up. In the apical turn it was covered bya 
thin layer of colorless, glassy spherulites composed 
of apatite. In the hook area a thick layer of apatite 
spherulites covered the entire spiral limbus and the 
basilar membrane. 


Severe hydrops apparently had been present at 
some time in life, but Reissner’s membrane was now 
collapsed and adhered to the walls of the scala ves- 
tibuli. In the apical turn the membrane had herni- 
ated through the helicotrema into the scala tympani 
and now extended to the upper end of the basal 
turn. Only small samples of the membrane could be 
removed for study. The results were similar tc those 
in the opposite ear. 


The stria vascularis was more or less completely 





Fig. 6. (Case 3) A) Right ear showing 
commonly occurring extension of white, 
sclerotic anterior focus. Superficial layer 
of focus extends more anteriorly than in 
B) deeper layer. C) Entire osseous spiral 
lamina with Corti’s organ dissected out; 
note nerve degeneration in all turns. 
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atrophied, and only a thin, uneven avascular layer 
of osmiophilic tissue remained. Crystals similar in 
appearance and distribution to those in the right ear 
adhered to the atrophic stria. Most of the spiral lig- 
ament had been replaced by a dense and fibrotic tis- 
sue representing endosteal proliferation. There was 
an almost complete loss of blood vessels from the 
spiral ligament. Only a few radiating arterioles 
were left, and these were extremely dilated. The 
basilar membrane in the middle and apical turns 
was in a markedly abnormal position, being pulled 
downward because its outer attachment to the 
spiral ligament was shifted toward the scala tym- 
pani. 


In the scala tympani there was profuse new bone 
formation, which completely occluded the first 9 
mm of the scala, including the round window and 
the opening of the cochlear aqueduct. Apical to this 
portion, the new bone under the basilar membrane 
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D) Scala tympani showing extension of 
focus (arrows) to round window (RW), 
which is narrowed. Note normal pattern 
of collecting venules and capillaries, and 
lack of involvement of endosteum at site 
of predilection. (OsO,) 


showed a shallow, uneven groove, which extended 
to the upper end of the basal turn, where the scala 
tympani gradually expanded and became normal in 
shape. The new bone, as well as the unoccluded 
portions of the scala tympani in the middle and 
apical turns, was covered by a thickened endosteum 
and a loose, uneven meshwork of connective tissue. 
The latter had the appearance of an accumulation 
of cotton or of cobwebs under the osseous spiral 
lamina, which was completely rigid and opaque 
throughout the cochlea. In the scala tympani o! the 
middle turn there were several large irregularly 
shaped masses of apatite surrounded by loose con- 
nective tissue. 


Vestibular Pathology. In both ears the otosclero- 
sis extended to the vestibular portion of the laby- 
rinth, and the endosteum of the entire horizontal 
canal and ampulla was markedly thickened. In the 
left ear the endosteum of the superior bony ampulla 
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and of the canal adjacent to the ampulla was in- 
volved as well. Both saccules had collapsed, and the 
maculae were covered with a thick crust of white 
apatite spherulites. The same was true for the 
utricular macula in the right ear. 


The neuroepithelia in both ears (with the excep- 
tion of the saccular macula and utricular macula in 
the left ear) were studied by scanning electron mi- 
croscopy. In the right ear there was a marked loss of 
sensory cells in all organs. The loss was complete on 
the superior and posterior cristae, but a few scat- 
tered hair cells remained on the horizontal crista. 
The saccular macula exhibited an almost complete 
loss of nerve fibers. Nerve degeneration in the 
utricular macula was less severe, and numerous hair 
cells were still present there. 


In the left ear there was an almost complete loss 
of sensory cells, the degeneration being most severe 
in the crista of the horizontal canal. The changes in 





the utricle were unusual. It appeared that the pa- 
tient had had an extensive utricular hydrops at 
some time, followed by marked atrophy or thinning 
of the wall and its subsequent collapse. The walls 
around the macula were folded over the nevroepi- 
thelium and adhered to it. No normal otoconia 
were seen. A crystalline covering in the form of 
apatite spherulites was found only along the poster- 
ior tip of the macula. Thin membranes extended in 
folds into the membranous ampullae. 


The ampullae were partly collapsed. The cupulae 
were missing, as were the plana semilunata_ Scat- 
tered, irregular layers of concretions were found on 
the inside of the ampullae and the ampullary ends 
of the canals; they were particularly numerous in 
the posterior ampulla and canal. 


There was a complete loss of nerve fibers in the 
saccular macula, whereas some nerve fibers re- 
mained in the utricular macula. A few nerve fibers 
had grown into the collapsed membranous wall. 
Apparently these represented an abnormal regener- 
ation of vital nerve fibers. This phenomenon `s most 
unusual, although we have made a few similar ob- 
servations in the cochleas of experimental animals.” 


The vasculature of the membranous walls of the 
labyrinthine organs in both ears was reduced, and 
some of the remaining vessels were dilated. There 
appeared to be a marked loss of dark cells in the 
wall of the utricle. 


Case 3 
HISTORY 


The right temporal bone of an 87-year-old 
woman was obtained from the House Ear Research 
Institute. The patient had suffered from hearing 
loss in both ears for many years, but the history of 
her auditory deficit was not well known. She inder- 
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Fig. 7. (Case 4) Otic capsule of left coch- 
lea showing sclerotic anterior focus (ar- 
rows) extending toward but not invading 
middle turn. Right ear had similar focus. 


went audiometric testing a few years before her 
death and was found to be completely deaf in her 
right ear. Tests indicated that the hearing on her 
left side was at the 80-dB level for all frequencies. 
No bone conduction responses were obtained. 


HISTOPATHOLOGY 


Extent and Nature of the Focus. Only the right 
ear was examined. The stapes was ankylotic and 
there was a large, white, sclerotic anterior focus 
which was considered inactive (Fig. 6). The superfi- 
cial layer of the otosclerotic bone was slightly vascu- 
larized and extended to the apical turn. The deeper 
layer was also sclerotic and reached close to the up- 
per end of the basal turn but did not impinge upon 
the scalae to involve their endosteum. The focus ex- 
tended around the round window, which was nar- 
rowed. The endosteum overlying the otosclerotic 
bone anterior to the round window was slightly 
thickened. 


Right Cochlea. A severe sensorineural degenera- 
tion was present in all turns. In the first half of the 
basal turn the degeneration of nerve fibers was con- 
siderably more severe than that in Corti’s organ, 
suggesting that an independent neural degeneration 
had preceded or dominated the process which led to 
the severe loss of sensory cells and nerve fibers (Fig. 
6C). Although supporting cells and some hair cells 
remained even in the hook region, most of the nerve 
fibers in the osseous spiral lamina in the first half of 
the basal turn had degenerated. A sparse, uneven 
network of single nerve fibers remained, discernible 
only in high-power microscopy by bright-field il- 
lumination. A thin network of radial nerve fibers in 
the osseous spiral lamina was visible in the upper 
half of the basal turn and in the middle and apical 
turns. An exception was an area about 5 mm long in 
the middle turn, where the nerve fibers were partic- 
ularly sparse. 
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Fig. 8. (Case 4) Cytocochleogram for left ear showing hair cell loss restricted to basal and apical ends of Corti’s organ. 
Horizontal bar below curves represents condition of peripheral processes of cochlear neurons in osseous spiral lamina. They 
were completely degenerated in most basal 2 mm, partly degenerated from 2 to 14 mm (broken line), normal in appearance 
from 14 to 32 mm (solid line), and partly degenerated at extreme apex. Total length of basilar membrane, 33.82 mm. 


Similar changes were present in right cochlea. 


There was atrophy of the stria vascularis and of 
the spiral ligament including its capillaries, which 
is invariably seen in our specimens from this age 
group." A narrow strip of partially atrophic stria 
extended as far as the upper half of the middle turn. 
above which there was complete atrophy. 


Case 4 
HISTORY 


The patient was a 55-year-old woman who had 
suffered from hearing loss for about 25 vears, and 
who died of bronchogenic carcinoma. At the age of 
43 she had had a stapedectomy in her left ear, and 
two years later a similar operation in the right ear. 
There was no history of dizziness. 


HISTOPATHOLOGY 


Extent and Nature of the Focus. A fat-wire pros- 
thesis was found in the oval window of the right ear 
and a Teflon piston in the left ear. There were scle- 
rotic anterior foci in both ears, which did not reach 
the upper end of the basal turn and were thus classi- 
fied as “small” or “moderate” in Guild’s'? and our 
classification.' The left cochlea, with the sclerotic 
focus extending to but not encroaching upon the mid- 
dle turn, is illustrated in Figure 7. 


Right and Left Cochlea. No labyrinthine pathol- 
ogy that could be specifically related to otosclerosis 
or to its surgical treatment was found in this pair of 
temporal bones. The cytocochleogram for the left 
ear (Fig. 8) shows a relatively mild sensorineural! 
degeneration in the first 14 mm of the cochlea, and 
a limited sensorineural degeneration in the apical 
turn. These changes, which were more or less sym- 
metrical in the two ears, are characteristic of the 
age-related pathology underlying presbyacusis, and 


it is impossible to say to what extent, if any, oto- 
sclerosis and its surgical treatment may have been 
responsible for them. 


DISCUSSION 


The most striking findings in the present study 
were those in case 1, which showed ingrowth of 
connective tissue on the basilar membrane and osse- 
ous spiral lamina (Fig. 1). In the right ear there was 
a thickening of the endosteum just at the apical 
margin of the anterior focus, and it was obvious 
that endosteal proliferation had led to a circum- 
scribed invasion of the basilar membrane by con- 
nective tissue. In comparing the cytocochleograms 
for this case (Fig. 2) and for case 1 in our previous 
publication (Fig. 6 in Johnsson et al'), where there 
was a localized sensorineural degeneration adjacent 
to the active focus, it is obvious that the two curves 
are sim lar. The center for maximal hair cell loss in 
both ears is in the area located approximately be- 
tween 18 and 25 mm from the basal end of the coch- 
lea. This region represents the specific site of pre- 
dilection for cochlear lesions induced by the anter- 
ior focus. 


The causation of the comparable lesion in the left 
ear is more difficult to understand. The tissue for- 
mation occurred on the osseous spiral lamina adja- 
cent to otosclerotic bone, but there was no thicken- 
ing of the endosteum and the lesion was separated 
from otosclerotic bone by an intact basilar mem- 
brane. Therefore, it is not clear how the otosclerotic 
process could have induced the growth of the neo- 
plasm on this side. However, the location of the le- 
sion 19.74 mm from the basal end adjacent to 
otoscleretic bone in the area of predilection, and its 
identical appearance with the formation in the op- 
posite ear, make it all but certain that this neoplasm 
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was caused by otosclerosis. Because of the extensive 
sensorineural degeneration in this ear, one could 
not estimate the possible damage the otosclerotic 
process had caused to hair cells and nerve fibers. It 
should also be noted that the spiral ligament next to 
the abnormal bone was impregnated with some re- 
fractile material, probably apatite. This finding 
may explain the focal hyalinization of the spiral lig- 
ament seen in conventional serial sections by Lind- 
say and Beal.” Removal of the impregnating apa- 
tite by decalcifying agents had presumably left the 
hyalinized tissue they observed. 


Considering the common occurrence of the oto- 
sclerotic foci extending anteriorly toward the upper 
half of the basal turn, surprisingly few temporal 
bones have been reported with cochlear lesions in 
this area. Besides our three specimens, only four 
other similar temporal bones have been described.??” 
We can only assume that this form of cochlear 
pathology must be less rare than an examination of 
the current literature would suggest. 


The reduction in the vasculature of the spiral lig- 
ament in cases 1 and 2 and the marked loss of ven- 
ules and capillaries in the scala tympani in case 2 
are similar to conditions in the mucosa overlying 
otosclerotic bone in the middle ear.*? Such devascu- 
larization is bound to alter the microcirculation of 
the cochlea, and it appears to be a far more impor- 
tant defect than the vascular shunts which have 
been held to induce sensorineural degeneration in 
otosclerosis through venous stasis.** An extensive 
otosclerotic process is required for substantial loss of 
blood vessels to occur. It is likely that such a change 
occurs relatively late in the disease when sensori- 
neural degeneration has already begun, so that vas- 
cular pathology may not play an important role in 
the causation of the sensorineural hearing loss, at 
least in its earlier stages. 


Both our previous study’ and the present one 
show that multiple foci can cause severe sensori- 
neural degeneration. This fact is also well docu- 
mented in the literature.”°?5 The question of whe- 
ther otosclerosis can cause labyrinthine hydrops is, 
however, unresolved. It has generally been con- 
sidered that the association of otosclerosis and hy- 
drops is coincidental. Nevertheless, Wittmaack de- 
picted a case of extensive otosclerosis and severe 
hydrops in his 1919 monograph”* and later stated 
that “chronischer Reizhydrops” is common in exten- 
sive capsular otosclerosis.” Both cases 1 and 2 
showed evidence of cochleosaccular hydrops, and in 
our previous report’ we described a case of hydrops 
associated with extensive otosclerosis. Black et al?® 
have also published a case with bilateral multiple 
foci and hydrops. These observations lead us to be- 
lieve that extensive capsular otosclerosis can cause 
labyrinthine hydrops. The dizziness associated with 
clinical otosclerosis is, however, probably related to 
an altered composition and density of the labyrin- 


thine fluids rather than to hydrops.' 


It is of interest to note that Reissner’s membrane 
in the three specimens with hydrops apparently re- 
sponded to the increase in endolymph volume with 
hyperplasia, ie, increase in the number of cells per 
unit area. Aspects of the relationship between hy- 
drops and Reissner’s membrane have been discussed 
in earlier papers.'°' 


The precise nature of the disease in case 2, which 
involved blue sclerae and total deafness, remains 
unclear. Our histological findings indicate that the 
patient had otosclerosis. He had no history of frac- 
tures and apparently did not have osteogenesis im- 
perfecta in a clinically manifest form. The disease is 
known, however, to show great variations in its ge- 
netic expressitivity. 


While the severe sensorineural degeneration in 
cases l and 2 in all likelihood was caused by oto- 
sclerosis, the cause for the severe sensorineural 
degeneration in case 3 is unclear. It appeared that 
an independent neural degeneration had at some 
time dominated the disease process. Considering 
the long history of hearing loss as well as the pa- 
tient’s advanced age, otosclerosis, and hereditary 
factors could all have contributed to the cochlear 
pathology. The otosclerotic focus had a characteris- 
tic pattern of expansion which was almost identical 
with that observed in case 7 in our previous report.’ 
The process was considered inactive at the time of 
death, but it could have caused cochlear injury dur- 
ing an earlier, active phase. 


The labyrinthine endosteal thickening in re- 
sponse to active otosclerosis has been well docu- 
mented in conventional sections as well as in our 
microdissections. There appeared to be no relation 
between the amount of endosteum involved and the 
degree of sensorineural degeneration. The corres- 
ponding reaction in the vestibular labyrinth is seen 
less often. Case 2 showed considerable thickening of 
the endosteum in the semicircular canals; in par- 
ticular, the endosteum of the ampulla of the hori- 
zontal canal was markedly thickened. It is conceiv- 
able that the horizontal canal and ampulla are 
more likely to become damaged than the others be- 
cause of their proximity to the oval window. 


Numerous abnormal crystalline deposits were 
found in the cochlear duct in case 2 on the atro- 
phied stria vascularis, on the basilar membrane, 
and on the tectorial membrane. We have described 
similar deposits both in man? and in experimental 
animals.'? Crystalline deposits are not uncommon 
in association with strial atrophy.'™'8 Concretions 
having a similar mineralogical composition occur 
elsewhere in the human body in association with 
atrophy, eg, in the pineal gland and in the choroid 
plexuses. The original source for the deposits an the 
basilar membrane may have been the tectorial 
membrane, which, like other gelatinous mem- 
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branes in the inner ear, represents a site of predilec- 
tion for abnormal calcification.? The large crystak 
line masses found in the loose connective tissue in 
the scala tympani are probably closely associated 
with the process of ongoing calcification in the 
scala. 

Both the saccular and utricular mineralization in 
case 2 were in the form of a thick crust of spherulites 
instead of the thin, flexible layer of discrete crystals 
found on the macula in normal ears. All abnormal 
crystalline deposits found in this case, including the 
abnormal otoconia, consisted of apatite. New min- 
eralization in the inner ear tends to be in the form of 


plosphate salts rather than calcite, which is the 
ncrmal constituent of otoconia. We believe that the 
at normal crystalline deposits are not a direct conse- 
quence of otosclerosis, but are associated with ab- 
ncrmalities of the labyrinthine fluid dynamics 
brought about by otosclerosis and labyrinthine hy- 
drops. The cochlear deposits were certainly formed 
de novo, while the apatite layers on the maculae 
were probably due to “phosphatization” of pre-ex- 
isting normal calcite otoconia. The phosphatization 
process and other features of abnormal mineraliza- 
tien in the inner ear have been discussed in detail by 
Jonnsson et al.° 
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BEHAVIOR OF THE VESTIBULAR NERVE 
FOLLOWING LABYRINTHECTOMY 


HAROLD F. SCHUKNECHT, MD 


BOSTON, MASSACHUSETTS 


Transtympanic labyrinthectomy was performed on 24 cats, and after survival times of one month to three years, the temporal bones 
were prepared for light microscopic study. The operated ears showed mean neuronal losses of 12% in six months, 24% in 1 year, 35% in 2 
years, and 53% in 3 years. There was no evidence of regeneration of vestibular nerve fibers nor of formation of traumatic neuromata. The 
temporal bones of two human subjects who had undergore transtympanic labyrinthectomy are also presented; one shows atrophy of the 
vestibular nerves while the other exhibits proliferation of nerve fibers not resembling a neuroma. It is concluded that the afferent vestibular 
nerves undergo slow but progressive atrophy following ladyrinthectomy and that they have no potential for the creation of amputation 
neuromata. The evidence suggests that excision of the vestibular nerves may have no therapeutic advantage over labyrinthectomy in the 
treatment of intractable vertigo. 


Ablation of vestibular function is a method of librium. They believe that persisting vestibular neu- 
treatment sometimes used to alleviate the intrac- rons can be responsible for dysequilibrium, even 
table vertigo associated with diseases of the though the sense organs have been obliterated, Ad- 
labyrinth. Among these disorders are Meriére’s ditionally, it is suggested that amputation neuro- 
disease, severe positional vertigo, dysequilibrium mata of the vestibular nerves can develop after lab- 
complicating unsuccessful reconstructive ear sur- yrinthectomy and act as a nidus for continuing dys- 
gery, and the delayed hydrops syndrome.' Ablation equilibrum.'° 


can be accomplished at three anatomical levels in 
the vestibular system: 1) the vestibular sensory cells 
(hair cells), 2) the sense organs (including the af- 
ferent nerve endings), and 3) the vestibular nerve 
trunks. The vestibular sensory cells can be deci- 
mated by the administration of ototoxic doses of 
streptomycin.” The sense organs can be obliterated 
by surgical invasion of the labyrinth (labyrinth ecto- 
my) by approaches through the mastoid? or the ex- 
ternal auditory canal.‘ Vestibular nerve section or 
excision can be done by approaches through the pos- 
terior cranial fossa, the middle cranial fossa,‘ or the 
middle ear (translabyrinthine).’ 


Other surgeons™'™'? point out that labyrinthec- 
tomy, particularly via the transtympanic route, is a 
direct, safe and effective method for accomplishing 
vestibular ablation. They believe that the reported 
failures of labyrinthectomy are due to incomplete 
removal of vestibular sense organs and therefore 
may be attributed to poor surgical technique. A fur- 
ther argument given in favor of labyrinthectomy is 
the lesser morbidity and the fewer postoperative 
complications than are seen with nerve section. The 
stated risks of nerve section are facial palsy, post- 
operative intracranial hemorrhage, edema of adja- 
cent brain structures, cerebrospinal fluid leak and 


There is ample clinical evidence to show that meningitis. While the incidence of these complica- 
when the technical objectives of these various pro- tions is small, it is very real and abundantly docu- 
cedures are fully achieved, each can be successful in mented in the literature.5:'3:"4 


alleviating the disabling dysequilibrium caused by 
peripheral vestibular disease. Once it has been de- 
cided that ablation may be of therapeutic value, the 
conditions which determine the method to be em- 
ployed for any given patient are 1) unilateralism or 
bilaterialism of disease, 2) the auditory function of 
each ear, 3) the age and health of the patient, and 
4) the clinical experience, surgical skill and biases of 
the clinician. 


There can be no question that the transtympanic 
labyrinthectomy is simpler and safer than vestibu- 
lar nerve excision. The argument regarding contin- 
uing or recurring vertigo after labyrinthectomy is 
greatly disaffirmed by the observation that labyrin- 
thectomies are sometimes performed in a haphaz- 
ard manner with incomplete destruction of the 
vestibular sense organs. In such cases a caloric re- 
sponse can be elicited postoperatively, attesting to 


Some surgeons*” believe that any procedure ac- the incompleteness of the labyrinthectomy. More- 
complishing less than total excision of the vestibular over, when revision labyrinthectomy is performed 
nerves may fail to relieve the symptoms of dysequi- in such cases, the utricular maculae are usually still 
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present and their removal under local anesthesia 
precipitates severe vertigo, further indicating the 
inadequacy of the initial labyrinthectomy.' 


A matter of some importance in comparing the 
relative merits of nerve excision versus labyrinthee- 
tomy is the behavior of the vestibular nerves follow- 
ing labyrinthectomy. If the nerves atrophy after 
labyrinthectomy, there is no advantage to nerve ex- 
cision. If amputation neuromata are a common oc- 
currence after labyrinthectomy, that fact might 
weigh against the use of this procedure. 


The vestibular ganglion (Scarpa’s ganglion) con- 
sists of bipolar neurons lying in two linearly ar- 
ranged cell masses extending in a rostral-caudal di- 
rection in the internal auditory canal. It consists of 
superior and inferior cell groups related to the su- 
perior and inferior divisions of the vestibular nerve 
trunk. The superior division supplies the cristae of 
the lateral and superior canals, the macula of the 
utricle, and the anterosuperior part of the macula 
of the saccule. The inferior division supplies the 
crista of the posterior canal and the main portion of 
the macula of the saccule. Central to the vestibular 
ganglion, the nerve fibers of both divisions merge 
into a single trunk which enters the brainstem. 
Richter and Spoendlin'’ describe two types of 
vestibular neurons: large neurons with central 
spherical nuclei, and small neurons with eccentric 
indented nuclei. All neurons contain single nucleoli 
having diameters of about 3 ym. 


The purpose of this report is to provide further in- 
formation on the behavior of the vestibular nerves 
following labyrinthectomy. The observations derive 
from two sources: l) a controlled experimental 
study in which labyrinthectomy was performed on 
cats. and 2) a histological study of the temporal 
bones of two human subjects who had had labyrin- 
thectomy for presumed Meniere's disease. 


EXPERIMENTAL STUDY 


Labyrinthectomy was performed on the right ear 
of each of 24 adult cats with the left ear serving as a 
normal control. (Animals used in this study were 
maintained in accordance with the guidelines of the 
Committee on Animals of the Harvard Medical 
School and those prepared by the Committee on 
Care and Use of Laboratory Animals of the Institute 
of Laboratory Animal Resources, National Re- 
search Council [DHEW publication No. (NIH) 
78-23, revised 1978].) The surgical technique was 
identical to that used by the author for human pa- 
tients except that the cat’s ear canal was entered via 
a postauricular approach. 


A tympanomeatal flap was elevated and a small 
section of the posterosuperior margin of the bony 
tympanic annulus was removed to expose the pos- 
terior part of the mesotympanum. The incus and 
stapes were removed. The saccule was removed by 


aspiration with a 24-gauge suction tube. The 
utricular macula, which is hidden from view in the 
superior part of the vestibule, was engaged by a 
right-angled hook and removed through the oval 
window. A longer right-angled hook was then used 
to probe blindly the ampullae of the semicircular 
canals. Small pledgets of Gelfoam were placed in 
the vestibule. The tympanomeatal flap was re- 
turned to its normal anatomical position, and the 
postauricular incision was closed with a row of ab- 
sorbable sutures. 


The cats were divided into six groups of four ani- 
mals each, distinguished by postoperative survival 
periods of 1 month, 3 months, 6 months, 1 year, 2 
years and 3 years. They were sacrificed by intra- 
arterial perfusion with Heidenhain-Susa fixative so- 
lution. The temporal bones were removed and pro- 
cessed for light microscopic study. The standard- 
ized method included fixation, decalcification, em- 
bedding in celloidin, serial sectioning at a thickness 
of 20 wm, staining every tenth section with hema- 
toxylin and eosin, and mounting on glass slides. 


The total number of neurons for the superior and 
inferior divisions of the ganglion was determined by 
counting the nucleoli of the stained sections (every 
tenth serial section) with the aid of an ocular grid 
and multiplying the resultant number by 10. A fac- 
tor of 0.87 was used to correct for double counting 
of split nucleoli. The formula of Abercrombie (cited 
by Konigsmark'*®) was used: 


N, = Th t 
t+d 


where N, = the estimated number of neurons, ni = 
the counted number, t = the thickness of the sec- 
tions, and d = the diameter of the nucleoli. No at- 
tempt was made to differentiate between large and 
small neurons. 


RESULTS 


Histological study showed all 24 control ears to 
be normal. 


The tympanic membranes of the operated ears 
showed fibrous thickening but all were intact. The 
middle ear spaces and mucosal surfaces of 15 oper- 
ated ears were normal, while 9 showed moderate fi- 
brous tissue proliferation, and 2 had mild otitis 
media. The incudes and stapedes were missing. 
Each oval window was sealed by fibrous tissue con- 
tinuous with fibrous tissue in the vestibule. Twelve 
of the vestibules were partly obliterated and 12 
were totally obliterated by fibrous tissue and bone. 
The bony labyrinths appeared normal in 23 ears. 
The ear of one animal, sacrificed 12 months after 
labyrinthectomy, showed chronic labyrinthitis 
characterized by destruction of both the bony and 
membranous labyrinths, obliteration with fibrous 
tissue and bone, and abscess formation in the 
cochlea. This ear showed no evidence of infection in 
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TABLE 1. VESTIBULAR SENSE ORGANS 


Survival 
Cat Time Maculae Cristae 


No. (months) Utricle Saccule Lat. Sup. Post. 


l l A D A A A 
2 l A D D D N 
3 l A S A A D 
4 l A D D D S 
5 3 A A A A A 
6 3 A D D D S 
7 3 A S D D N 
8 3 A D D D N 
9 6 A A A A A 
10 6 A D A A D 
1] 6 A A A A A 
12 6 A D S S N 
13 12 A A A A A 
14 12 A D D D A 
15 12 A A A A A 
16 12 A D D D S 
17 24 A A D D N 
18 24 A A A A A 
19 24 A A D D D 
20 24 A A A A A 
21 36 A A D D A 
22 36 A A D D S 
23 36 A A A A A 
24 36 A A A A A 


A - Absent; D - Degenerated epithelium; S - Some sensory cells N - Nor- 
mal sensory cells; Lat. - Lateral semicircular canal: Sup. - Superior semi- 
circular canal; Post. - Posterior semicircular canal. 


the middle ear or subarachnoid space of the internal 
auditory canal. 


The cochleas of 20 ears manifested endolym- 
phatic hydrops. It is reasonable to assume that the 
cochlear hydrops is the result of blockage of the 
ductus reuniens causing interruption of the longitu- 
dinal flow of endolymph. The three cochleas with- 
out hydrops each appeared to have a surgically- 
induced fistula of the cochlear duct permitt:ng the 
escape of endolymph into perilymphatic spaces. 
The cochlear hair cell populations were normal in 2 
ears, partially missing in 12 and totally missing in 
10. The cochlear neuronal populations showed losses 
proportional to the severity of atrophy of the sup- 
porting cells of the organ of Corti. 


There was partial resorption of the bone of the 
cribrose area for the superior division of the vesti- 
bular nerve in five ears, including the one with 
chronic labyrinthitis. The bony configuration and 
fluid spaces of the internal auditory canals were 
normal in all ears. 


The utricular maculae were absent and replaced 
by fibrous tissue and bone in all 24 operated ears. 
The saccular maculae were absent and replaced by 
fibrous tissue and bone in 13 ears, degenerated and 
without hair cells in 9, and partially degenerated 
but with some hair cells remaining in 2. The ampul- 
lae of the lateral and superior semicircular canals 
showed similar changes consisting of absence of the 
cristae and replacement by fibrous tissue and bone 


TABLE 2. SUMMARY OF PATHOLOGICAL CHANGES IN 
VESTIBULAR SENSE ORGANS 


Severe Partial 
Absent Degeneration Degen eration 

Maculae 

Utricle 24 

Saccule 13 g 2 
Cristae* 

Lateral 12 1] ] 

Superior 12 1] ] 

Posterior 12 3 4 


*Normal in 5 ears. 


in 12, degeneration of the cristae with total loss of 
hair cells in 11, and partial degeneration of the 
cristae with loss of some hair cells in 1 ear. The 
cristae of the posterior semicircular canals were ab- 
sent and replaced by fibrous tissue and bone in | 
degenerated and without hair cells in 3, partly de- 
generated but with some hair cells remaining in 4, 
and normal in 5 ears. A summary of the pathologi- 
cal changes in the vestibular sense organs appears in 
Tables 1 and 2. The neuronal populations for both 
operated and control ears are shown in Table 3 as 
well as in Figures 1 and 2. 


Figures 3 to 9 are representative photomicro- 
graphs of the superior divisions of the vestibular 
nerves and their ganglia. These photographs also 
show the cribrose areas and the region of the laby- 
rinth normally occupied by the utricular macula, as 
well as the cristae of the lateral and superior semi- 
circular canals. In each case the operated ear shows 
fibrous tissue and bone occupying the intralabyrin- 
thine space. In each case the terminal ends of the 
peripheral fibers of the vestibular neurons have 
been amputated and the compartment filled with 
fibrous tissue and bone. These peripheral fibers 
show retrograde degeneration which begins in the 
cribrose area and progresses in the direction of the 
vestibular ganglia. A loss of neuronal population is 
first seen at six months and is progressive for the 
three-year duration of this study. At three years it 
appears that most of the peripheral nerve fibers 
have undergone retrograde degeneration to the cell 
bodies of the Scarpa’s ganglia. The mean total neu- 
ronal populations show mean losses of 12% at six 
months, 24% at 1 year, 35% at 2 years and 53% at 
3 years. At 3 years the losses are 58% for the super- 
ior division and 40 % for the inferior division. 


There was no evidence of nerve fiber regenera- 
tion or neuroma formation. 


HUMAN TEMPORAL BONE STUDY 


In the collection of temporal bones at the Massa- 
chusetts Eye and Ear Infirmary there are two speci- 
mens from subjects who underwent labyrinthec- 
tomies for presumed Meniére’s disease. 


Case 1. In 1953, at the age of 50, this patient 
began having acute vertiginous episodes character- 
ized by a sensation of rotation associated with right- 
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TABLE 3. VESTIBULAR NEURONAL POPULATIONS 


EE ee U MMM 


Experimental 

Cat Survival Time Superior Division Inferior Division Total 
No. (months) Operated Control perated Control Operated Control 
l ] 6,953 6,128 2,813 3,476 9,766 9,604 
2 l 3,204 4,301 6,604 6,587 9,808 10,888 
3 l 8,024 7,548 3,187 2,890 11,211 10,438 
4 ] 8,576 8,627 3,102 2,881 11,678 11,508 
Mean 6,689 6,651 3,926 3,958 10,615 10,609 
5 3 6,579 6,553 3,111 2,796 9,690 9,349 
6 3 7,539 7,828 3,000 2,915 10,539 10,743 
7 3 7,930 7,590 4,012 4,131 11,942 11,721 
8 3 8,389 8,831 2,924 3,298 11,313 12,129 
Mean 7,609 7,700 3,261 3,285 10,871 10,985 
9 6 6,273 7,335 3,298 3,408 9,751 10,743 
10 6 7,284 7,446 3,187 3,459 10,471 10,905 
1] 6 6,706 7,573 3,340 4,292 10,046 11,865 
12 6 7,743 9,163 3,119 3,689 10,862 12,852 
Mean 7,001 7,879 3,236 3,712 10,237 11,591 
13 12 5,508 6,179 1,470 2,252 6,978 8,431 
14 12 6,230 8,500 2,201 2,473 8,431 10,973 
15 12 5,950 8,704 2,694 3,910 8,644 12,614 
16 12 5,822 7,310 3,332 4,216 9,154 11,526 
Mean 5,877 7,673 2,424 3,212 8,301 10,886 
17 24 4,190 6,519 2,091 3,697 6,281 10,216 
18 24 4,760 7,871 2,822 2,949 7,582 10,820 
19 24 4,267 7,497 3,374 4,326 7,641 11,823 
20 24 4,785 7,905 2,907 3,561 7,692 11,466 
Mean 4,501 7,448 2,799 3,633 7,299 11,081 
21 36 2,150 7,590 722 2,737 2,872 10,327 
22 36 2,610 7,777 2,048 3,009 4,658 10,786 
23 36 3,434 6,519 1,92] 3,043 5,355 9,562 
24 36 4,173 7,369 2,116 2,533 4,793 9,902 
Mean 3,091 7,313 1,701 2,830 4,793 10,144 
Mean Total 5,915 7,445 2,945 3,439 8,807 10,884 


sided tinnitus and vomiting. At the age of 55 she 
complained of a feeling of constant light-headed- 
ness but no longer had severe attacks with vomiting. 
Audiometric study at that time showed a mild might 
sensorineural hearing loss with 58% speech discrim- 
ination score. Ice water caloric testing elicited 
brisk, symmetrical responses. She noted a tendency 
to veer to the right. She was suspected of having a 
posterior fossa tumor, possibly a vestibular schwan- 
noma. Numerous tests, including pneumoencepha- 
logram, were negative. In 1960, at the age of 57, 
she complained of recurrent syncopal attacks, as 
well as vertiginous episodes. Audiometry showed 
mild progression of the right sensorineural hearing 
loss with speech discrimination of 62% (Fig. 10). 
There was no response to ice water caloric testing in 
the right ear. A right transtympanic labyrinthecto- 
my was performed (not by the author) by removing 
the stapes, followed by introducing the aspiration 
tip into the vestibule and aspirating its contents. 
Postoperatively she was nauseated and had a spon- 
taneous nystagmus to the left; this gradually sub- 
sided, and she had no further complaints of vertigo. 
She died of unrelated causes in 1974 at the age of 
71, 14 years following labyrinthectomy. 


Histological study of the right ear shows the 
stapes to be absent and an open oval window (Fig. 


11). The vestibule and semicircular canals obvious- 
ly contain air in continuity with the middle ear. 
The endosteum of the vestibule shows slight thick- 
ening; however, there is neither bone nor fibrous 
tissue proliferation in the inner ear. Reissner’s mem- 
brane is displaced into the scala vestibuli in all three 
turns (Fig. 12). The organ of Corti is missing in 
some areas. and consists of a mound of undifferen- 
tiated tissue in other areas. The tectorial membrane 
is either missing or spherically deformed and encap- 
sulated. About 50% of the stria vascularis and 
roughly 70% of cochlear neurons are missing. The 
utricle and ampullae are widely dilated. The sac- 
cular wall appears to be collapsed on the macula 
(Fig. 13). The stroma of the maculae of the utricle 
and saecule are thickened by fibrous tissue pro- 
liferation (Fig. 14). There is partial preservation of 
supporting cells of the maculae and cristae, but all 
sensory cells are missing (Figs. 14 and 15). The ves- 
tibular nerves are severely atrophied. Only a few 
scattered nerve fibers are seen in the cribrose areas 
and only a few neurons (possibly 5%) remain in 
Scarpa’s ganglia. 


The left ear shows slight atrophy of the organ of 
Corti and neurons at the extreme basal end of the 
cochlea. which appears to be normal for age. The 
sensory and neural structures of the vestibular sys- 
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tem are normal. 


COMMENT. The diagnosis of Meniére’s disease 
seems to be substantiated by endolymphatic 
hydrops of both the cochlear and vestibular parts of 
the labyrinth. Histological study shows that labyrin- 
thectomy failed to accomplish removal or macera- 
tion of the vestibular sense organs; nonetheless all 
sensory cells of the vestibular sense organs have 
degenerated. The severe loss of vestibular neurons is 
most logically attributed to trauma to the periph- 
eral nerve ending associated with atrophy of the 
hair cells and supporting cells of the sensory epithe- 
lium. 


Case 2. In 1964, at the age of 63, this retired mer- 
chant sought treatment at the Ambulatory Services 
Clinic of the Massachusetts Eye and Ear Infirmary 
for bilateral progressive hearing loss of 13 years’ 
duration. He also stated that he had experienced 
two episodes of vertigo; the first, which lasted four 
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Fig. 1. Vestibular neuron populations in 1000s 
plotted against survival time in months follow- 
ing labyrinthectomy. Each entry represents 
mean for four cats. Small circles show popula- 
tions for each of four cats at 24 and 36 months 
survival times. 


36 


days, occurring one year prior to evaluation, and 
the second, lasting for one week, 11 months later. 
There was no hearing change associated with these 
attacks. Audiometry showed a severe hearing loss in 
the right ear with 68 % speech discrimination score, 
and a profound hearing loss in the left ear with zero 
discrimination. Bithermal caloric tests showed 
hypoactive response bilaterally with right di- 
rectional preponderance. Tests for positional 
nystagmus were unremarkable. Plain radiographic 
films of the temporal bones were normal. Neurolog- 
ical evaluation was negative. He had no further ver- 
tigo until the age of 65, at which time he com- 
plained of progressive hearing loss, episodes of ver- 
tigo with vomiting, and headache. Audiometry 
documented progression of the hearing loss (Fig. 
16). Cold caloric responses were reduced in both 
ears, more so on the left. There was a right-beating 
nystagmus in the left-ear-down position which had 
no onset latency and lasted 11 seconds. Again, neu- 
rological evaluation was negative. 
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The patient was presented at the weekly clinical 
conference at the Massachusetts Eye and Ear Infir- 
mary and the consensus of those present held that a 
left labyrinthectomy should be performed in an at- 
tempt to alleviate the vertiginous symptoms, even 
though no specific etiology had been determined. 
The labyrinthectomy was performed via a trans- 


Fig. 4. (Cat 6) Vestibular sensor- 
ineural structures three months 
following labyrinthectomy. 
Control ear - 10,743 neurons; 
operated ear - 10,539 neurons. 
In operated ear there is fibrous 
tissue and small amount of bone 
in vestibule. Cribrose area shows 
partial resorption of bone. De- 
aaa a of ponas nerve 
ibers has advanced toward 
Scarpa’s ganglion. 


Fig. 3. (Cat 1) Vestibular sensor- 
ineural structures one month fol- 
lowing labyrinthectomy. Con- 
trol (left) ear - 9,604 neurons; 
operated (right) ear - 9,766 neu- 
rons. In operated ear there is 
bone and fibrous tissue in vesti- 
bule and peripheral nerve fibers 
are degenerated in cribrose area. 


tympanic approach (not by the author). The foot- 
plate of the stapes was perforated and fluid was 
aspirated from the vestibule for chemical analysis. 
The operative report states “the saccule and utricle 
were grasped with a cupped forceps and removed 
from the vestibule. The walls of the vestibule were 
scraped and the round and oval windows were con- 
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Fig. 5. (Cat 10) Vestibular sen- 
sorineural structures six months 
following labyrinthectomy. 
Control ear - 10,905 neurons; 
operated ear - 10,471 neurons. 
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nected with the aid of a drill.” 


The fluid from the vestibule contained 15 m Eq/L 
of potassium, 120 mEq/L of sodium, and 127 mg% 
of protein, all of which were considered to be nor- 
mal for perilymph. Therefore, the fluid analysis did 
not support the diagnosis of Menière’s disease (in 
which case the potassium value should have been 





Vestibule of operated ear is filled 
with bone and small amount of 
fibrous tissue. There is severe 
degeneration of peripheral nerve 
fibers, but as yet no significant 
loss of neurons. Also see Fig. 9. 


elevated), or vestibular schwannoma (in which case 
the protein should have been elevated) .!” 


Postoperatively the patient exhibited a right- 
beating nystagmus and ataxia, both of which sub- 
sided during the following month. He had no fur- 
ther episodes of severe vertigo, but he continued to 
be unsteady. Three months after labyrinthectomy 


Fig. 6. (Cat 13) Vestibular sen- 
sorineural structures 12 months 
following labyrinthectomy. 
Control ear - 8,431 neurons: 
operated ear - 6,978 neurons. 
Operated ear shows bone and 
fibrous tissue in vestibule, severe 
degeneration of peripheral nerve 
fibers, and slight loss of neurons. 


s 
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Fig. 7. (Cat 17) Vestibular sen- 
sorineural structures 24 months 
following labyrinthectomy. 
Control ear - 10,216 neurons; 
operated ear - 6,281 neurons. 
Control ear shows bone and 
fibrous tissue in vestibule, 
severely degenerated peripheral 
nerve fibers, and ch jah loss 
of neurons. 


he was admitted to the hospital because of right- 
sided headaches, vomiting, left hemiparesis. left 
facial weakness, and papilledema. Craniotomy re- 
vealed a large neoplasm of the right temporal lobe 
which was removed and subsequently identified as 
an astrocytoma. He died of cerebral edema the day 
following surgery. Histological study of the tem- 
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poral bones showed the membranous structures of 
both labyrinths to have moderately severe post- 
mortem autolytic changes. 


The right cochlea has a nearly total loss of neu- 
rons in the basal and middle turns with 50% re- 
maining in the apical turn. The vestibular sensory 


Fig. 8. (Cat 23) Vestibular sen- 
sorineural structures 36 months 
following labyrinthectomy. 
Control ear - 9,562 neurons; 
operated ear - 5,355 neurons. 
Control ear shows bone and 
fibrous tissue in vestibule, par- 
tial resorption of bone in cribrose 
area, severe degeneration of 
peripheral nerve fibers, and loss 
of nearly half of neurons. 
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and neural structures show moderate postmortem 
autolysis but otherwise appear normal. 


The left ear, in which the labyrinthectomy was 
performed, is lacking the incus and stapes: in addi- 
tion, the bony wall between the oval and round 
windows is absent. The vestibule and semicircular 
canals are partly filled with fibrous tissue and bone 
(Fig. 17A). The organ of Corti, stria vascularis. tec- 
torial membrane, and cochlear neurons are severely 
degenerated. Reissner’s membrane is displaced into 
the scala vestibuli in all turns (Fig. 18). There is 
atrophy of the spiral ligament and a rupture of the 
basilar membrane in the basal turn. The utricular 
macula and cristae are present; however, their sen- 
sory epithelia are totally degenerated. 


The saccular macula is missing and the spherical 
recess contains bundles of nerve fibers interspersed 
with fibrous tissue (Fig. 17B). There is a remarkable 
proliferation of nerve fibers within the supporting 
stromata of the utricular macula and cristae (Figs. 
19-21). The nerve fibers are arranged in orderly in- 
terlacing bundles of 10 to 30 fibers each. The iden- 
tification of these bundles as nerve fibers was con- 
firmed by protargol staining. The nerve bundles 
cannot be traced centrally beyond the cribros2 areas 
because the vestibular nerves were avulsed from the 
internal auditory canals at the time of autopsy. 


COMMENT. It is not clear whether this patient's 
symptoms should be attributed solely to the brain 
tumor or whether Menieére’s disease was coexistent. 
The cochlear endolymphatic hydrops could have 
followed the labyrinthectomy as the result of block- 
ing the ductus reuniens and saccule. The stimulus 


Fig. 9. (Cat 10) Vestibular sen- 
sorineural structures six months 
following labyrinthectomy. A) 
Same operated ear as in Fig. 5, 
showing partly degenerated pe- 
ripheral nerve fibers six months 
loma labyrinthectomy (pro- 
targol stain). B) Enlargement of 
Scarpa’s ganglion from A view. 


for the proliferation of nerve fibers in the subepithe- 
lial stroma of the vestibular sense organs is not evi- 
dent. The sensory epithelium is atrophied but, in 
the case of the utricular macula and cristae, the 
nerve fibers were not surgically traumatized by the 
labyrinthectomy. The histological pattern of inter- 
lacing bundles of fibers is somewhat different from 
the more disorderly, tightly intertwining pattern 
characteristic of traumatic neuromata and schwan- 
nomata. 


DISCUSSION 


Gacek and Rasmussen’! found cats to have an av- 
erage of 2,652 nerve fibers to each crista, 1,821 to 
the macula of the saccule, and 2,693 to the macula 
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Fig. 10. (Case 1) Audiogram at age 57. 
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of the utricle. The total of 12,470 includes Voit s 
anastomosis and the efferent fibers. In the present 
experiment, neuronal cell bodies were counted. and 
all, of course, are of the afferent type. This method 
has been used previously for both cochlear gan- 
glia”?! and vestibular ganglia.?? Using this method 
on eight normal cat ears, Richter and Spoendlin® 
found a mean of 11,809 neurons in the vestibular 
nerve trunk, of which 8,015 were in the superior di- 
vision and 3,794 in the inferior division. In the pres- 
ent study the mean total population for the nommal 
ears of the 24 cats was 10,884, of which 7,445 were 


Fig. 12. (Case 1) Right ear show- 
ing cochlear hydrops, severe 
atrophy of organ of Corti, par- 
tial atrophy of stria vascularis, 
and partial loss of cochlear 
neurons. 





Fig. 11. (Case 1) Right ear show- 
ing vestibule and semicircular 
canals in communication with 
middle ear 14 years following 
transtympanic labyrinthectomy. 


in the superior division and 3,439 in the inferior di- 
vision. Working in our laboratory, Richter” re- 
perted a 30% reduction in vestibular neurons in 
three cats one year after labyrinthectomy. Trans- 
mission electron microscopy showed the neurons to 
be less densely packed in the ganglia, and there was 
more fibrous tissue between the cells and nerve pro- 
cesses in the operated ears than in the opposite con- 
trel ears. 


By comparison, Richter** found the mean human 
vestibular neuronal population to be about 18,000 
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with about two thirds in the superior division and 
one third in the inferior division. This compares 
closely with a mean of 18,439 in 15 normel ears 
studied by Naufal and Schuknecht. 


Following labyrinthectomy, the first chance, ob- 
served as early as one month postoperativel, was 
degeneration of the peripheral nerve fibers in the 
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Fig. 14. (Case 1) Utricles. 
Atrophy and fibrosis of right 
macula and atrophy of nerve; 
left macula is normal. 


Fig. 13. (Case 1) Saccules. 
Atrophy of the right macula and 
nerve; left macula is normal. 


cribrose areas. With time the degeneration ex- 
tended progressively toward the ganglion. A loss of 
cell bodies of the ganglion was first noted at six 
months postoperatively and continued at a steady 
rate, so that about 53% were missing at three years. 


Histological studies show that labyrinthectomy 
failed to achieve total destruction of sensory cells of 
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the vestibular system in 10 of the 24 operated ears. 
Most of these failures were due to inadequate prob- 
ing of the posterior canal ampulla which, beeause 
of its more remote location from the oval window, 
is more difficult to reach. This observation suggests 
that a more aggressive approach may be needed to 
reach and destroy the posterior canal crista in hu- 
man labyrinthectomy also. 


A question of some importance is whether any 
vestibular symptoms arise from the slowly progres- 
sive atrophy of the vestibular nerves following de- 
struction of their sense organs. Certainly if the sen- 
sory ablation is complete, the nerves cannot be stim- 
ulated physiologically; therefore episodic dysequi- 
librium could not be attributed to the remaining 
nerve elements. The experiment provides no imfor- 
mation as to whether nerves deprived of their sense 
organs have the potential for creating vestibular 
sensations or symptoms. 


In none of the animal ears was there evidenee of 
vestibular nerve regeneration. It seems quite im- 
probable, therefore, that neuromata will occur at 
the site of amputation of the peripheral nerve fi- 
bers. Moreover, a neuroma must be clearly differ- 
entiated from a schwannoma. A neuroma is a mass 
of intertwining, regenerating nerve fibers prolifer- 
ating in response to nerve injury. A schwannoma. 
often mistakenly referred to as an acoustic neuro- 
ma, is a neoplasm arising from the Schwann cells. A 
neuroma may be difficult to differentiate histologi- 
cally from a schwannoma, particularly on biopsy or 
small excisional specimens. Temporal bone studies 
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Fig. 15. (Case 1) Cristae of 
lateral canals. Atrophy of sen- 
sory epithelium and nerve on 
right side; left crista is normal. 


show that occult schwannomata are not rare, oc- 
curring in 0.17% of the population, and they may 
be entirely intralabyrinthine (author, unpublished 
data). 


The literature contains four case reports of trau- 
matic neuromata following labyrinthectomy. The 
first case, reported by Hilding and House in 1965,* 
had unsuccessful stapes surgery (not by the authors) 
in 1959. complicated by intractable vertigo; a trans- 
tympanic labyrinthectomy was performed in 1961 
(not by the authors), but dizziness continued. A re- 
peat transtympanic labyrinthectomy was per- 
formed in 1963 by W. House and the contents of the 
vestibule were removed for histological examina- 
ticn. Electron microscopic study showed myelin- 
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Fig. 16. (Case 2) Audiogram at age 65. 
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Fig. 17. (Case 2) Left ear three 
months following labyrinthec- 
tomy. A) Fibrous tissue in vesti- 
bule, bone in posterior semicir- 
cular canal (arrow), cochlear 
endolymphatic hydrops, and se- 
vere atrophy of structures of 
cochlear duct and cochlear 
nerve. B) High-power view of 
spherical recess area showing 
saccular macula containing 
fibrous tissue mixed with nerve 


fibers. 


ated and unmyelinated nerve fibers twis-ed to- 
gether among a few strands of connective t:ssue, a 
situation which Hilding and House interpreted to 
be consistent with traumatic neuroma. No clinical 
follow-up report was given. The second case, re- 
ported by Pulec in 1974, had a transtympanic laby- 
rinthectomy by Linthicum in 1960. The staves was 
removed, the contents of the vestibule were aspir- 
ated and the stapes was replaced. Following the 
labyrinthectomy the patient “had constant poor 
balance and was severely disabled.” Four years 
later she exhibited no response to bithermal caloric 
testing in that ear. The patient continued to com- 
plain of vertigo until the time of her death in 1970 


SCHUKNECHT 





at age 78, ten years following labyrinthectomy. His- 
tological study of the temporal bone revealed ves- 
tibular contents consisting of fibrous tissue, bone, 
and a mass interpreted to represent a traumatic 
neuroma (Fig. 22). There was cochlear endolym- 
phatic hydrops, and the ampulla of the posterior 
semicircular canal was intact. The third and fourth 
cases were reported by Linthicum et al in 1979.'° In 
both cases the patients had undergone transtym- 
panic labyrinthectomy (not by the authors), but 
had persistent vertigo. Repeat transtympanic laby- 
rinthectomy revealed tissue masses in the vestibules 
which on histological study were believed to be 
traumatic neuromata. The patients were reported 
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to be free of vertigo following the repeat labyrin- 
thectomies. 


The histological appearance of these traumatic 
neuromata is somewhat different from the nerve fi- 
ber proliferation seen in case 2. The histological fea- 
tures in the former resemble more the Antoni tvpe A 
schwannomata consisting of merging and diverging 
streams of elongated spindle cells, with a tendency 
for the nuclei to be aligned in straight or curved 
rows, their long axes parallel to one another. The 
pathognomonic feature of neuromata is the proli- 


Fig. 19. (Case 2) Utricles. 
Atrophy of sensory epithelium 
and proliferation of nerve fibers 
in stroma of macula on left side; 
right macula is normal. 


Fig. 18. (Case 2) Left ear show- 
ing cochlear endolymphatic hy- 
drops, atrophy of organ of Corti 
and cochlear neurons, and atro- 
phy of spiral ligament with rup- 
ture of basilar membrane in bas- 
al turn. 


feratien of axons; this condition can be demon- 
strated with silver stains as was done in case 2. The 
histolegical appearance of the proliferating axons in 
case 2 is characterized by interlacing bundles of 10 
to 30 fibers each, with growth restricted to the 
subepithelial stromata of the sense organs. It is 
possible that the nerve fiber proliferation in this 
case is unrelated to the labyrinthectomy and may 
represent some other disease entity. 


SUMMARY AND CONCLUSIONS 


Experimental transtympanic labyrinthectomies 
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Fig. 20. (Case 2) A) Left utricle, 
et a stain showing pro- 
iferation of nerve fibers in 
stroma of macula. B) High- 
power view of macula (rectangle 
in A) showing nerve fibers in 
stroma of macula and degener- 
ated sensory epithelium. 


on 24 cats showed that destruction of the vestibular 
sense organs incited a slowly progressive degenera- 
tive change in the vestibular nerves. Atrophy began 
at the peripheral ends of the fibers at the sites of 
trauma and progressed centrally to include the cell 
bodies of Scarpa’s ganglia. Three years fol owing 
labyrinthectomy the peripheral nerve fibers ap- 
peared totally degenerated and about half of the 
cell bodies had disappeared. There was no evidence 
of regeneration of the vestibular nerve fibers. 

The temporal bones of two human subjects who 
had had transtympanic labyrinthectomy for pre- 
sumed Meniere’s disease showed disparate neural 
changes. In both cases the sensory epithelia had de- 
generated, but the supporting stromata of the mac- 





ulae and cristae were preserved. In one case, 14 
years following surgery, there was nearly total loss 
of vestibular nerve fibers and cell bodies. In the 
other case, three months following surgery there 
was a proliferation of nerve fibers in the supporting 
stromata of the maculae and cristae. The growth 
pattern was characterized by interlacing bundles of 
fibers rather than intertwining single fibers in a fi- 
brous tissue matrix as would be expected in a trau- 
matic neuroma. It is assumed that these fibers 
originated from Scarpa’s ganglia; however, positive 
identification could not be made because the vestib- 
ular nerve trunks, including Scarpa’s ganglia, had 
been avulsed from the internal auditory canal at the 
time of autopsy. 
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The principal objective of these studies was to 
determine the morphological behavior of the vestib- 
ular nerve following surgical ablation of the vestib- 
ular sense organs. It was anticipated that this 
knowledge would provide a more rational basis for 
determining the relative merits of labyrinthectomy 
versus vestibular nerve excision for the ablation of 
vestibular function in the treatment of intractable 
vertigo. Should the vestibular nerve prompthy de- 
generate following labyrinthectomy, there would 


Fig. 22. Tissue in vestibule ten 
years following labyrinthec- 
temy; question of traumatic 
neuroma or proliferation of 
Schwann cells. (Photomicro- 
graph courtesy of Fred Lin- 


thicum, Jr, MD.) 


Fig. 21. (Case 2) Ampulla of left 
posterior semicircular canal 
showing proliferation of nerve 
fibers in stroma of crista. Sen- 
sory epithelium is degenerated 
and perilymphatic space con- 
tains Fibrous tissue. 


be no need to subject the patient to the risks in- 
volved in vestibular nerve excision. The question is 
noteworthy only if it is assumed that the vestibular 
nerve can cause vertigo after being deprived of its 
sensory stimulus, which is by no means certain. Be 
that as it may, the studies show that following laby- 
rinthectomy the vestibular nerves undergo progres- 
sive atrophy, but only very slowly. Moreover, the 
condition of total atrophy would not be attained for 
many years. The question not yet answered is 
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whether a vestibular nerve devoid of sensory stimu- 
lation can cause vertigo. The very high therapeutic 
success rate achieved with a well-performed Łaby- 
rinthectomy,' however, augurs well for the proposi- 
tion that a barren vestibular nerve is sensoriallv im- 
potent. 


A closely related question is whether the afferent 
fibers of the vestibular nerve are capable of regener- 
ation to the extent that labyrinthectomy could cause 
formation of traumatic neuromata. The experimen- 
tal studies show quite clearly that the afferent ves- 
tibular nerves of the cat do not have regenerative 
capability. 


Linthicum has kindly provided us with unstzined 
sections of one of his cases of postlabyrinthectomy 
neuroma. We have performed protargol stains on 
this tissue and, indeed, it is composed of intertwin- 
ing bundles of nerve fibers consistent with the 
diagnosis of traumatic neuroma. The origin of the 
nerve fibers cannot be determined because the 
vestibular nerves have been avulsed from the inter- 
nal auditory canal. 


Thus, we face an enigma. The afferent vestibular 
nerves of the cat show no inclination for regenera- 
tion, yet temporal bone studies of postlabyrinthec- 
tomy ears of human patients show neuromata. Are 
these fibers of efferent origin or of some other 
source, or alternatively do the human afferent ves- 
tibular nerves behave differently from those of the 
cat? But here again the question is noteworthy only 
if it is assumed that traumatic neuromata would be 
sensorially potent, a fact which is unknown. 


In summary, an experimental study showed that 
traumatized afferent vestibular nerve fibers of the 
cat show no inclination for regeneration. Human 
temporal bone studies, however, have shown regen- 
eration of nerve fibers within the labyrinth follow- 
ing labyrinthectomy. It has not been shown that 
these fibers are from afferent vestibular neurons, 
nor has it been shown that regenerating afferent 
vestibular neurons, devoid of sensory epithelium, 
can cause dysequilibrium. The total evidence favors 
the proposition that vestibular nerve excision has no 
advantage over a well-performed labyrinthectomy 
in the treatment of intractable vertigo. 
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THE FACIAL CANAL: NORMAL ANATOMY, 
VARIATIONS AND ANOMALIES 


BRUCE PROCTOR, MD 


DETROIT, MICHIGAN 


GEORGE T. NAGER, MD 


BALTIMORE, MARYLAND 


Modern otologic surgery revolves around the use of the cperating microscope. The surgeon must have a thorough knowledge of all 
structures in the temporal bone, particularly since surgery may now be directed to areas in its deeper portions. Of concern here is the 
whereabouts of the facial canal in its complex course through the temporal bone. A detailed descriptive anatomy with emphasis on the rela- 
tions of the facial canal to adjacent structures is presented. The variations -n the course of the facial canal are discussed. The location of de- 
hiscences in the bony canal wall are described. Finally, great stress is laid upon presentation of these anomalies known to us which can oc- 
cur in the course of the facial nerve through the temporal bone. These anomalies have clinical and surgical significance. 


I. NORMAL ANATOMY OF THE FACIAL CANAL 


BRUCE PROCTCR, MD 


Surgery directed to the skull base has become 
more frequent due to new diagnostic techniques 
and the development of microsurgical procedures. 
The intricate course of the facial nerve through the 
temporal bone becomes of vital concern to all oto- 
logical surgeons since it often traverses the operative 
field. Therefore, we will review the course of the fa- 
cial canal through the petrosal portion of the tem- 
poral bone from the internal auditory meatus to the 
stylomastoid foramen, paying particular attention 
to its relations to adjacent structures. 


The facial nerve, along with the intermediate 
nerve of Wrisberg and the auditory nerve, passes 
through the internal auditory canal (5 to 12 mm) 
(Figs. 1-3). The facial nerve occupies the anterosu- 
perior segment of the meatus and lies in a shallow 
gutter (Fig. 1) which is limited above by the super- 
ior wall of the internal auditory canal and belew by 
a barely perceptible crest which becomes pro- 
gressively accentuated until it forms a sharp hori- 
zontal projection at the bottom (fundus) of the in- 
ternal auditory meatus, dividing it horizontally into 


two levels (falciform crest, transverse crest) (Figs. 2, 
4-6). 


The superior level contains (from front to back) 
the facial nerve, the intermediate nerve of Wris- 
berg, the utricular nerve and the horizontal and su- 
perior ampullary nerves (Figs. 1-3). The interior 
level contains the cochlear, saccular and interior 
ampullary nerves. The latter exits through the sin- 
gular foramen. These nerves all reach the lateral 
wall or terminus of the internal auditory meatus. 


The facial nerve and the intermediate nerve of 
Wrisberg pass obliquely into the facial canal (fallo- 
pian aqueduct), whereas the remaining nerves (au- 
Citory and vestibular) penetrate into the labyrinth. 


The facial canal runs a very tortuous course 
across the petrosa (Figs. 7 and 8). This course may 
ke divided as follows: 

1. A first horizontal course which goes from the 
internal auditory canal to the site of the geniculate 
ganglion (Figs. 5-11). 

2. A first turn with an acute angle (Figs. 8, 
0-13). 

3. Asecond straight course which runs along near 
tae top of the tympanum (Figs. 8, 11-16). 

4, A second turn which is a curvature with a large 
radius and which is directed vertically downward 
(Figs. 8, 15 and 16). 

5. A third and last straight portion directed in- 
feriorly and a little posteriorly to end at the 
s-ylomastoid foramen (Figs. 8, 15 and 16). 


FIRST PART OF THE FACIAL CANAL 
(LABYRINTHINE SEGMENT) 


The orifice of the facial canal in the internal au- 
citory meatus measures 0.68 mm in diameter.’ It 
cpens on the anterosuperior wall of the meatus very 
rear the fundus of the meatus. Above the facial 
canal we have the ceiling of the internal auditory 
meatus; below, the falciform crest (transverse 
crest); and externally, a vertical crest (Bill’s bar) 
which separates it from the superior vestibular 
area. The latter contains several small openings of 
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Fig. 1. Schema of internal auditory meatus and contents 
viewed anteriorly on right. 1 - Facial nerve, 2 - Interme- 
diate nerve of Wrisberg, 3 - Cochlear nerve, 4 - Vestibu- 
lar nerve, 5 - Scarpa’s ganglion, 6 - Inferior branch of ves- 
tibular nerve, 7 - Posterior ampullary nerve exiting 
through singular foramen, 8 - Saccular nerve in saccular 
fossa, 9 - Facial nerve in facial fovea at origin of facial 
canal, 10 - Falciform or transverse crest, 1] - Cochlear 
nerve in cochlear fossa, 12 - Superior branch of vestibular 
nerve in vestibular fossa. 


canals that conduct branches of the upper terminal 
ramus of the vestibular nerve through the lamina 
cribrosa to the superior cribrosa macula to the utri- 
cle and to the ampullae of the lateral and superior 
semicircular canals. The facial canal crosses the 
petrosa in an anterior direction and almost perpen- 
dicular to the petrosal axis to empty into the genicu- 
late fossa. 


This first horizontal part (portion) of the facial 
canal contains the facial nerve and the intermediate 
nerve of Wrisberg. Its length varies from 3 to 5 mm. 
It is slightly inclined from above, below, and ĉrom 
behind forward, paralleling the zygomatic line. It 
describes a curve with internal concavity to arrive 
at the geniculate fossa with a direction, if prolonged 
following its curvilinear movement, that would go 
toward the facial hiatus (ie, anteriorly). It passes in 
the intervestibulocochlear groove. 


At the very beginning of the first portion of the 
facial canal (Fig. 7) there is a slight constrietion 
from the vertical crest. The periosteum of the inter- 
nal meatus is thicker than that in the facial canal so 
that the facial nerve is more constricted at this point 
than in the remainder of the canal. If deeom- 
pression of the facial nerve is carried out ir the 
labyrinthine segment of the nerve for Bell’s palsy, 
this constricting ring of periosteum should be cut. 


As the facial nerve enters the facial canal three 
morphological peculiarities are to be noted:? 

1. Whereas the nerves have an individual sheath 
of pia mater in the internal auditory meatus, this 
sheath curves up as the nerve enters the facial canal 
and continues with the arachnoid. This arachnoid- 
pia mater-dura mater junction generally lies in the 
fundus of the meatus but it can occur in the neigh- 
borhood of the foramen or even far into the facial 
canal. 





Fig. 2. Fundus of internal auditory canal and distribution of 
eighth nerve to membranous labyrinth. 1 - External am- 
pullary nerve, 2 - Superior ampullary nerve, 3 - Utricular 
nerve, 4 - Saccular nerve, 5 - Posterior ampullary nerve, 
6 - Superior vestibular fossa, 7 - Inferior vestibular fossa, 
8 - Singular foramen of Morgagni, 9 - Cochlear fossa, 
10 - Falciform crest, 11 - Gora ee. 12 - Facial nerve, 
13 - Superior vestibular nerve, 14 - Cochlear nerve. 


2. There is a slight constriction (0.68 mm) of the 
nerve. This normal stricture must not be confused 
with a pathological stricture. 

3. There is a change in the direction of the nerve 
which produces a 132° angle, open anteriorly and 
medially (Fig. 8). 


RELATIONS 


As it leaves the internal auditory canal, the facial 
canal is in relation with the canaliculi of the utric- 
ular and the superior and lateral ampullary nerves 
as well as with the vestibule in its anterior, medial 
and superior region — immediately adjacent to the 
elliptical or utricular fossa. 


When surgery is carried out in the vestibule, gen- 
tle manipulations are necessary to avoid penetra- 
tion into the internal auditory meatus and facial 
canal. The party wall between vestibule and inter- 
nal auditory meatus is very thin (Figs. 6, 10 and 
11). It is further weakened by passage of the numer- 
ous nerves into the vestibule. 


The facial canal (only 3 to 5 mm long in this first 
portion) quickly leaves the region of the vestibule 
and approaches the geniculate fossa. The first por- 
tion of the facial canal constitutes the internal arm 
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Fig. 3. Schema of right geniculate ganglion and its connec- 
tions. 1 - Intermediate nerve of Wrisberg, 2 - First part of 
facial nerve, 3 - Genu or first turn of facial nerve, 4 - Sec- 
ond part of facial nerve, 5 - Geniculate ganglion, 6 - Les- 
ser superficial petrosal nerve, 7 - Greater superficial petro- 
sal nerve. 


of the first turn whose external arm becomes the 
tympanic portion of the facial canal. The two arms 
of the turn form an acute angle between them of 
74° on a nearly horizontal plane? and are separated 
from each other by a small triangular space filled 
with compact bone whose base rests against the ves- 
tibule and whose summit projects like a wedge into 
the acute turn in the facial canal (Figs. 7, 12 and 
14). 


Medially, the first portion of the facial canal in- 
cludes in its curvature with internal concavity the 
top of the first cochlear turn (Figs. 7, 10 and 11). 


Inferiorly, near the internal auditory canal, the 
facial canal rests on the superior external flank of 
this first spiral in the intervestibulocochlear groove. 
Near the geniculate fossa it rests on the second spiral 
and on the cupula (Figs. 10 and 16). 


Superiorly, it is in relation to the petrosal space 
covered by the petrosal cortex stretched from the 
top of the arch of the superior semicircular canal to 
the cupula of the cochlea (Fig. 10). This space is fre- 
quently pneumatized by cells belonging to the su- 
perior prelabyrinthine tract. 


FIRST TURN OF THE FACIAL CANAL 
AND THE GENICULATE FOSSA 


The geniculate fossa is the crossroad of four nerve 
canals: the central and peripheral extremities of the 
facial canal, the conduit for the greater superficial 
petrosal nerve, and the conduit for the lesser super- 
ficial petrosal nerve. The geniculate fossa is usually 
quadrilateral in shape with sides of 2 or 3mm when 
both petrosal nerves are large. However, the cana- 
liculus for the lesser superficial petrosal nerve is 
often minute and in this case the crossroads take a 
triangular form whose base faces the anterior wall 
of the vestibule and whose apex corresponds me- 
dially to the facial hiatus (Figs. 3 and 7). The latter 
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Fig. 4. Vertical cut through temporal bone showing details 
of fundus of internal auditory meatus. 1 - Singular fora- 
men. 2 - Saccular fossa, 3 - Cochlear fossa, 4 - Cochlea, 
5- Facial canal, 6 - Superior vestibular fossa, 7 - Vertical 
crest, 8 - Transverse crest. 


opens on the anterior surface of the petrosa for pas- 
sage of the superficial petrosal nerves. These run 
from the surface of the petrosa in two small grooves 
which are directed toward the anterior lacerated 
foramen. More often, the geniculate fossa is com- 
pletely encased in bone, but sometimes the canalic- 
ulus for the greater superficial petrosal nerve does 
not form, and then the facial hiatus is carried back 
to the geniculate fossa itself, so that it is covered 
directly by the dura mater (Fig. 7). 


If such a situation is encountered in doing a mid- 
dle fossa approach to the internal meatus, there is 
danger of injury to the exposed facial nerve. Care 
must be taken in elevating the dura from the 
petrosa whenever the dura penetrates through the 
petrosal cortex to contact venous lacunae, as shown 


by Walker.? 


sd 


RELATIONS 


Externally, the geniculate fossa contacts the 
anterior and superior angle(s) of the tympanum in 
front of the cochleariform process. A bed of small 
cells conceals it from view (Figs. 7, 13 and 14). 


Inferiorly, the geniculate fossa rests on the cupula 
of the cochlea, which it overhangs to a considerable 
degree on the medial wall of the tympanum (Figs. 
11 and 16). 


Internally, it is in relation with the compact 
tissue which unites the cupula of the cochlea to the 
certex of the anterior petrosal wall (Fig. 11). 


Superiorly, the geniculate fossa is in contact with 
tke cortex of the anterior wall of the petrosa; but in 
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some cases, there is a space of as much as 3 mm, 
containing air cells of the superior labyrin-hine 
tract (Figs. 5, 9, 14 and 15). 


Posteriorly, the geniculate fossa is in relation to 
the anterior wall of the vestibule, from whick it is 
separated by 2 to 3 mm of compact bone (Figs. 7, 9 
and 11), 


The geniculate fossa contains the geniculate 
ganglion. It is a bulbous enlargement of the facial 
canal. The intermediate nerve of Wrisberg termin- 
ates in the ganglion but emerges from the ganglion 
as the greater superficial petrosal nerve, passing 
through the facial hiatus (Fig. 3). A portion con- 
tinues on for 1 mm or so and emerges as the “esser 
superficial petrosal nerve. Running parallel to the 
greater superficial petrosal nerve, it passes through 
the accessory facial hiatus. 


The first portion of the facial canal is directed 
anteriorly; but at the geniculate fossa, its course is 
abruptly changed, and it courses posteriorly and 
slightly laterally, thus forming an acute angle of 
variable degree but usually at an angle of 75° (Figs. 
fa 41-13), 


Anterior to the turn, the facial canal is anterior to 
the vestibule, but once it turns, its course is along 
the side of the vestibule. Thus, the two arms of the 
facial canal embrace the anterior portion of the ves- 
tibule (Figs. 7, 11 and 12). It is at this point where 
the facial canal passes the labyrinthine barrier after 
leaving the cranial cavity. 


The external relations of the geniculate fossa have 
been studied in some detail in recent years. The 
anterior epitympanic sinus was studied by Wigand 


Fig. 5. Vertical cut through internal and external 
auditory meatuses showing anterior wall of inter- 
nal auditory meatus and anterior tympanum. | - 
Vertical crest with facial fovea immediately in 
front, 2 - Utricular fossa above dot, 3 - Internal 
auditory meatus, 4 - Facial canal at eniculum, 5 
- Cochlear fossa (spiral cribriform ete of coch- 
lea), 6 - Transverse crest, 7 - Cochlea, 8 - Coch- 
leariform process, 9 - Tympanic sulcus, 10 - Exter- 
nal auditory canal, 11 - Styloid process, 12 - Pro- 
tympanum, 13 - Pretympanic sinus, 14 - Promon- 
tory, 15 - Glaserian fissure, 16 - Canal of Huguier, 
17 - Cochlear aqueduct. 


and Trillsch.* This sinus lies between the bony com- 
partment of the tensor tympani muscle and the 
floor of the middle cranial fossa which slopes down 
to meet it anteriorly. The length, height, and width 
of this space vary from 1.8 to 5 mm. Its medial wall 
is in contact with the geniculate ganglion and may 
be dehiscent. A preferred nomenclature for this 
sinus, when present, is geniculate sinus to indicate 
its position. This same area was studied by Hawke 
et alë who reported frequent nonlamellar new bone 





Fig. 6. Posterosuperior view of skeletonized otic capsule of 
adult showing cochlear and vestibular aqueducts, their re- 
lations, and first part of facial canal in intercochleovestibu- 
lar course. 1 - Internal auditory meatus, 2 - Singular for- 
amen (arrow), 3 - Cochlear aqueduct, 4 - Top coil of 
cochlea, 5 - Geniculate fossa, 6 - Superior vestibular 
foramen, 7 - Transverse crest, 8 - Vertical crest, 9 - Jugu- 
lar dome, 10 - Opened vestibular aqueduct, 11 - Superior 
semicircular canal, 12 - Ampullary end of superior semi- 
circular canal, 13 - Lateral semicircular canal, 14 - Pos- 
terior semicircular canal, 15 - Oval window, 16 - Round 
window, 17 - Vestibule. 
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formation in the sinus in the absence of ear or 
systemic disease. This appeared to be a normal 
anatomic feature for this sinus. 


A tiny bony plate extending down (1.5 to 3 mm) 
from the epitympanum in front of the malleus head 
and extending from the facial canal to the scutum 
was described by Hoshino and Suzuki.*® This struc- 
ture is not uncommon. It represents the anterior 
bony wall of the attic. The space anteriorly (supra- 
tubal recess) is in communication with the pretym- 
panum.’ This same structure was reported by 


Fig. 8. Schematic course of facial canal. Length 
of facial nerve in internal auditory meatus varies 
from 5-12 mm. Upon entering facial canal there 
is immediately angulation forward of 132° as 
well as Fee inclination for 3-5 mm to 
reach geniculate fossa. Canal then turns 75° to 
continue posteriorly for 10-12 mm. At the same 
time it is directed outward 17° and inclined in- 
feriorly 7-10° from plane of lateral semicircular 
canal which in turn is inclined 20-25° below 
true horizontal plane. At second turn curve 
formed between second and third parts of facial 
canal varies from 95-125°. Third part of facial 
canal (13 mm) deviates posteriorly as well as lat- 
erally from vertical plane by 5-35°. (After Guer- 
rier? in part.) 


IF 





Fig. 7. Facial canal in its entire length. 1 - 
First part of facial canal (intercochleovestibu- 
lar), 2 - Geniculate fossa with first turn of 
facial canal, 3 - Transverse or second part of 
facial canal, 4 - Second turn of facial canal, 5 
- Vertical or third part of facial canal, 6 - In- 
ternal auditory meatus, 7 - Superior semicircu- 
lar canal, 8 - Posterior semicircular canal, 9 - 
Lateral semicircular canal, 10 - Oval window, 
11 - Round window niche, 12 - Pyramidal em- 
inence, 13 - Tensor tympani canal, 14 - Coch- 
leariform process, 15 - Tympanic sulcus, 16 
- Facial hiatus, 17 - Stylomastoid foramen, 18 - 
Digastric groove, 19 - Mastoid tip cell, 20 - 
Posterior wall of external auditory canal, 21 - 
Promontory, 22 - Chorda tympani nerve. 


Cacek? who uses it as a surgical landmark when 
seekinz the facial nerve at the geniculate ganglion 
level. He shows the temporal bone of a 4-month-old 
fetus wherein this structure forms the outer wall of 
the faeial canal in its tympanic or second part. 


SECOND PART OR TYMPANIC PORTION 
OF THE FACIAL CANAL 
The tympanic portion of the facial canal is 
straight and measures 10 to 12 mm in length. It ex- 
tends ‘rom the geniculate fossa to the posterior wall 





) HORIZONTAL 
a See 
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Fig. 9. Upper half of horizontal cut through internal audi- 
tory meatus and geniculate fossa. 1 - Roof of internal audi- 
tory meatus, 2 - Geniculate fossa, 3 - Canal for superior 
vestibular nerve, 4 - Geniculate sinus, 5 - Tympanum, 6 - 
Zygoma, 7 - Canal and hiatus for greater superficial be- 
trosal nerve, 8 - Superior semicircular canal, 9 - Lateral 


semicircular canal, 10 - Temporomandibular sent Note 


thin bony wall separating geniculate sinus from facial 
nerve in geniculate fossa. 


of the tympanum, running the length of the super- 
ior edge of the internal wall of the tympanum. 
Sometimes its course is parallel to the plane of the 
horizontal semicircular canal, but more often it is 
slightly inclined inferiorly and forms an angle af less 
than 10° with the plane of the horizontal canal 
(Fig. 8). 


The longitudinal axis of the petrous pyramid 
forms an angle of 50 to 53° with the Sagittal pane, 
whereas the tympanic course of the facial canal 
forms an angle of 35 to 40° with the same sagittal 
plane. If one were to extend the plane of the tym- 
panic portion of the facial canal anterior tc the 








Fig. 10. Dissection of bony labyrinth from posterior fossa 
showing relations of facial nerve canal. Note proximity of 
first part of facial canal to basal turn of cochlea and to an- 
terior wall of vestibule. 1 - Internal auditory meatus, 2 - 
Geniculate fossa, 3 - Canal for greater superficial petrosal 
nerve, 4- Cochlea, 5- Canal for superior vestibular 
nerve, 6 - Oval window, 7 - Vestibule, 8 - Superior semi- 
circular canal, 9 - Horizontal semicircular canal, 10 - Pos- 
terior semicircular canal, 11 - Vestibular aqueduct, 12 - 
Termination of cochlear aqueduct at the pyramidal fossa, 
13 - Jugular dome (arrow), 14 - Transverse crest (falci- 
form crest), 15 - Saccular fossa (inferior vestibular area), 
16 - Singular foramen, 17 - Cochlear fossa, 18 - Tym- 
panic canaliculus opened (Jacobson’s nerve), 19 - 
First part of facial canal, 20 - Petromastoid canal. 


geniculate fossa, the line would follow the gutter 
for the superficial petrosal nerves into the facial 
hiatus. Passing through the facial hiatus we find the 
greater superficial petrosal nerve, the artery of the 
geniculate ganglion and especially the homonymous 
veins, whose diameter is five times that of the 
nerve, all passing in a common fibrous sheath.2 


The tympanic (second) part of the facial canal 
forms an angle of 37° with the horizontal plane 
opening posteriorly with the anteroposterior axis 


Fig. 11. Horizontal cut with anterior inclina- 
tion at upper level of internal auditory mea- 
tus showing first part of facial canal and its 
relations to cochlea, vestibule and middle 
ear. l - Carotid canal, 2 - Tensor tympani 
canal, 3 - Promontory, 4 - Cochlea, 5 - In- 
ternal auditory meatus, 6 - Transverse crest, 
7 - Superior semicircular canal, 8 - First 
part of facial canal, 9 - Geniculate fossa, 
10 - Beginning of second part of facial canal, 
11 - Vestibule at ampullary end of lateral 
semicircular canal, 12 - Mastoid antrum, 
13 - Facial sinus, 16 - Cochleariform pro- 
cess, 17 - Incudal fossa, 18 - Utricular ca- 
nal, 19 - External auditory meatus, 20 - 
Tympanic sulcus. Second part of facial canal 
and lateral semicircular canal overhang oval 
window and posterior tympanic sinus to re- 
markable degree. 
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Fig. 12. Schema showing relations of vestibule with facial 
canal (left side). Corners of vestibule are all rounded and 
walls are convex externally except superior wall. 1 - Super- 
ior wall of vestibule, 2 - External wall of vestibule, 3 - An- 
terior wall of vestibule, 4 - Ampullary orifice of superior 
semicircular canal, 5 - Ampullary orifice of lateral semi- 
circular canal, 6 - Nonampullary orifice of superior semi- 
circular canal, 7 - Nonampullary orifice of lateral semieir- 
cular canal, 8 - Ampullary orifice of posterior semicircular 
canal, 9 - Oval window, 10 - Tympanic or second part of 
facial canal, 11 - First part of facial canal, 12 - Geniculate 
fossa, and 13 - Second turn of facial canal. 


but this time laterally so that its anterior part is 
deep and its posterior part superficial. 


Relative positions of the tympanic facial canal 
are indicated below. 

1. Anteriorly it lies above and medial to the coch- 
leariform process. 

2. In its middle portion it runs over the oval win- 
dow forming the roof of the posterior tympanic 
sinus.*”” 

3. It then runs under the lateral semicizcular 
canal. 

4. The lateral semicircular canal forms an angle 
of 30° with the horizontal plane. Therefore, the sec- 
ond part of the facial canal forms a backward and 
downward opening angle of 7°. 

5. The facial nerve forms a backward anc out- 
ward opening angle of 17° with the labyrinthine 
wall of the tympanic cavity. 


RELATIONS 


The principal relations are established externally 
with the tympanum and internally with the vesti- 
bule. 


External Surface. This faces the tympanum. It is 
free, except at its two extremities: 1) at its exit from 
the geniculate fossa, where it is concealed by small 
air cells (Figs. 14 and 15); and 2) at the level of the 
pyramid, where it enters the bony mass of the sty- 
loid complex (Reichert’s cartilage) (Fig. 17). 


Between these two extremities the externa! wall 
of the facial canal is made up of a very thim bony 
lamella which is easily fractured at surgery if deli- 
cate techniques are not used. In such instances, the 
facial nerve may be seriously damaged even by a 
tiny bone spicule. 


anterior 





posterior 


Fig. 13. Schema showing divergence of tympanic part of 
facial canal with mere! al of vestibule. 1 - Geniculate 
fossa, 2 - Tympanic (second) part of facial canal, 3 - Su- 
a wall of vestibule and its external border, 4 - Ampul- 
a of superior semicircular canal, 5 - Nonampullary orifice 
of superior semicircular canal, 6 - Internal auditory mea- 
tus, 7 - First part of facial canal. 


At the level of the aditus, the facial canal forms a 
semicylindrical projection, running from front to 
back on the floor of the aditus passage, thus consti- 
tuting its threshold; below, it is the tympanum; 
a ove, it is the aditus ad antrum, or passage into the 
antrum (Fig. 11). This portion of the canal, which 
is 3 mm long, is usually seen clearly at surgery. If 
not, its position may be indicated by its relation to 
the anterior extremity of the projection of the later- 
a. semicircular canal, below which it can be local- 
ized, or by finding it directly across the oval win- 
dow niche from the projecting cochleariform pro- 
cess. 


The tympanic portion of the facial canal lies 
media! to the attic and its contents from front to 
back are the malleus head, the incudomallear joint, 
the incus body and its horizontal or short process. 


Va 
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Fig. 14. Medial wall of tympanum showing re dehis- 
cence over geniculate fossa extending to facial hiatus as 
well as one over jugular dome. 1 - Oval window, 
2 - Round window niche (arrow), 3 - External auditory 
meatus, 4 - Groove for tensor tympani muscle, 5 - Pyra- 
midal orifice, 6 - Promontory, 7 - Carotid canal, 8 - Pro- 
tympanum, 9 - Facial canal, 10 - Lateral semicircular ca- 
nal, 11 - Dehiscence over geniculate fossa, 12 - Facial hia- 
tus, 13 - Dehiscence over jugular dome. 
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The posterior extremity of the short process of the 
incus marks the point where the facial canal begins 
its second turn. 


Inferior Surface. The inferior surface of the tym- 
panic portion of the facial canal can be dividec into 
three parts: anterior, middle and posterior. 


The anterior part goes from the geniculate fossa 
to the extremity of the cochleariform process which 
advances up over the anterior border of the oval 
window niche. It has a length of 3 to 4 mm (Figs. 7, 
11, 14 and 15). Its internal border rests on the su- 
perior and external side of the cochlear cone, and its 


Fig. 16. Medial wall of tympanum showing de- 
tails at second turn of facial canal. 1 - Oval win- 
dow, 2 - Facial canal at second turn, 3 - External 
auditory canal, 4 - Helicotrema of cochlea, 5 - 
Skeletonized wall of internal auditory meatus, 
6 - Digastric groove, 7 - Pyramidal eminence, 
8 - Second part of facial canal, 9 - Third part of 
facial canal, 10 - Lateral semicircular canal, 
ll - Vertical semicircular canal, 12 - Stylomas- 
toid foramen, 13 - Dehiscence in facial canal, 
l4 - Tympani sinus ponticulus, and 15 - Sub- 
iculum. 


Fig. 15. View of medial tympanic wall 
with high jugular dome and high stylo- 
mastoid foramen. Pyramidal eminence 
is a shell. Note small geniculate cells in 
anterior tympanum. 1 - Tensor tym- 
pani canal, 2 - Geniculate cells, 3 - Fa- 
cial canal (second part), 4 - Large pon- 
ticulus, 5 - Lateral semicircular canal, 
6 - Second turn of facial canal, 7- 
Third part of facial canal, 8 - Lateral 
tympanic sinus, 9 - Pyramidal muscle 
canal, 10 - Jugular dome, 11 - Stapes, 
12 - Promontory, 13 - Opening of coch- 
lear aqueduct, 14 - Protympanum, 15 - 
Carotid canal. 


external border overhangs the promontory and ad- 
heres to the superior lip of the cochleariform process 
(Fig. 7). 

The middle part of the inferior surface of the 
facial canal goes from the cochleariform process to 
the pyramidal apex and measures 3 to 4 mm. It is 
made up of a very thin bony lamella and is often 
dehiscent. Thus, the facial canal in the middle part 
of its tympanic course is covered by very thin and 
fragile bone which overhangs the oval window. It 
may conceal the top of the oval window so that in 
order to see the top of the oval window, one must 
look at it from below (Figs. 7, 11, 14 and 16). 
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Fig. 17. Schema of posterior tympanum showing pe 
of facial sinus (arrow) lying on posterior aspect of stybid 
complex (C, P and S) between pi tympani nerve (C) 
and descending facial canal. Posteriorly it is limited byin- 
cudal fossa and pars squamosa of mastoid. A - Mastoid an- 
trum, ET - Eustachian tube, St - Stapes, ST - Tympamnic 
sinus, P - Pyramidal eminence, S - Styloid protuberance 
of Politzer, C - Chordal eminence (iter annie posticus), 
and M - Malleus handle. 


The posterior part of the inferior surface af the 
facial canal is about 2 mm long. It adheres closely to 
the pyramid and overhangs the posterior tympanic 
sinus or the upper portion of the tympanic sinus 
(Figs. 7, 11, 14-16). 


Superior Surface. The superior surface oi the 
tympanic portion of the facial canal is at first m re- 
lation with the small prelabyrinthine air cells in 
front of the projection of the semicircular eanal 
(Figs. 9, 14 and 15); then, exactly at the point 
where it passes above the anterior commissure of 
the oval window, the facial canal engages under the 
ampulla of the horizontal semicircular canal. Its su- 
perior surface enters in very intimate contact with 
the inferior surface of the ampulla for a length of 
about 2 mm (Figs. 7 and 14). The bony plate separ- 
ating the cavity of the horizontal ampulla and the 
facial canal is often less than 1 mm thick (Fig. 16). 
More posterior, the facial canal passes under the 
horizontal canal until it reaches the middle of the 


Fig. 18. Horizontal cut near floor of internal 
auditory meatus. l - Descending facial ca- 

nal, 2 - Facial sinus, 3 - Pyramidal fora- 

men, 4 - Round window, 5 - Internal audi- iC 
tory meatus, 6 - Carotid canal, 7 - Tympan- 

ic sulcus, 8 - External auditory meatus, 

9 - Vestibule, 10 - Basal turn cochlea. 


arch of the canal. It then begins its second turn in 
order to assume a vertical direction downward 
(Figs. 7 and 16). The facial canal slopes slightly 
downward in relation to the plane of the horizontal 
canal. If only 1 mm separates it from the anterior 
edge ef the ampulla, there are often 2 mm at the 
level of the arch of the canal. 


The horizontal canal covers the superior surface 
of the facial canal to a variable degree. If the facial 
canal takes a more transverse direction in its rela- 
tion to the petrosa, it engages deeply under the 
semicircular canal (Fig. 11). On the other hand, if 
it tends to become parallel to the longitudinal axis 
of the petrosa, the facial canal is only slightly en- 
gaged under the anterior arm of the horizontal ca- 
nal. 


Internal Surface. On leaving the geniculate fossa 
for 2 to 3 mm, the internal surface of the facial 
canal corresponds to the triangular space which 
separates the two arms of its first turn in front of the 
vestibule (Fig. 7). It then arrives at the anteroexter- 
nal angle of the vestibule just above the anterior 
commissure of the oval window and just below the 
anterier edge of the ampulla of the external canal 
(Fig. 7). This is the point where the facial canal and 
the vestibule are the closest to each other. Only the 
labyrinthine capsule separates their cavities by 1 
mm of bone or less (Figs. 12-14 and 16). 


At this level, the facial canal passes in a sort of 
groove formed above by the ampulla of the horizon- 
tal canal and, medially, by the portion of the vestib- 
ular wall which extends from the ampulla to the su- 
perior edge of the oval window. This section of the 
wall rarely has more than 1 mm of height in the 
middle of the window. It is a little wider at the level 
of the commissure because of the rounded shapes of 
the ampulla and of the lintel of the window which 
it faces on their convexity. That is why the facial 
canal, which often has nearly a 2-mm diameter, 
cavity and walls included, cannot lodge completely 
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Fig. 19. Horizontal section of temporal bone showing relation of third part of facial canal just below its second turn. 
l - Carotid canal, 2 - Eustachian tube, 3 - Base of cochlea. 4 - Tympanic sinus, 5 - Stapedius muscle, 6 - Facial 
nerve, 7 - Chorda tympani nerve, 8 - Umbo, 9 - Posterior semicircular canal. and 10 - Mastoid antrum. Note dense 
bone of styloid complex lateral to facial nerve end dense bony labyrinth medial to it. 


in the groove and instead hangs over the lintel of the 
oval window below. That is why the top of the oval 
window is often found concealed by the facial canal 
(Figs. 7, 11, 12 and 14). 


The facial canal is closest to the ampulla of the 
horizontal canal, to the external wall of the vesti- 
bule and to the oval window at the level of tke an- 
terior commissure of the oval window. At that 
point, the facial canal is equidistant from the am- 
pulla above, from the vestibule medially and from 
the oval window below. This distance is usually less 
than 1 mm. 


Posterior to this point, the facial canal terds to 
swerve externally, while the external wall cf the 
vestibule is inclined toward the interior (Fig. 13). 
That is why the relations of these structures at the 
level of the posterior commissure of the oval win- 
dow are no longer the same as before. Here the fa- 
cial canal can be 2 mm from the window end a 
lesser distance from the vestibule. The facial canal 
would be even more separated if the external wall 
of the vestibule did not present an external con- 
vexity. 


On leaving the posterior commissure of the oval 
window, the external wall of the vestibule turns 
medially, while the facial canal goes externally, so 


that at the level of the posterior edge of the vestibule 
the two structures can be found separated from 
each other by 3 or 4 mm (Figs. 7 and 13). 


It is possible for the facial canal to lose contact 
with the bony labyrinth because an accessory cavity 
of the tympanum, the tympanic sinus or the poster- 
ior tympanic sinus is insinuated between them 
while occupying the angle formed by the posterior 
half of the external wall of the vestibule medially, 
the posterior semicircular canal posteriorly and the 
horizontal semicircular canal above. 


SECOND TURN OF THE FACIAL CANAL 


The second turn of the facial canal is a curvature 
with a wide, graceful radius which starts in the 
horizontal plane and then becomes almost vertical. 
Sometimes this curvature is double, not only bend- 
ing inferiorly, but also a bit posteriorly and medial- 
ly to approach the posterior semicircular canal and 
the vestibule. 


The angle formed by the second and third por- 
tion(s) of the facial canal is never a right angle, but 
varies from 95 to 125°. The curvature presents vari- 
ous forms; sometimes it is short and at other times 
very large, with the inflexion beginning at the level 
of the posterior commissure of the oval window and 
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Fig. 20. Temporal bone of premature infant showing high 
level at which stylomastoid foramen located. 1 - Faeial 
nerve at stylomastoid foramen, 2 - Styloid process (Rei- 
chert’s cartilage), 3- Tympanic ring, 4 - Malleus with 
large anterior mallear process (Meckel’s cartilage) and 
5 - Incus. 


ending at the inferior third of the vertical portion of 
the facial canal. 


In the newborn and young child the second turn 
appears to stretch backward like a loop. This dispo- 
sition can also be found in the adult and then repre- 
sents an anomaly in its course. 


The tympanomastoid course of the facial canal is 
extremely variable; hence, descriptions vary censid- 
erably. 


RELATIONS 


The concavity of the second turn corresponds to 
the posterosuperior region of the tympanum. It is 
divided by the pyramidal eminence for the stapedi- 
us muscle which is seen at the bottom of the bend 
(Fig. 18). The concavity faces the rounded emi- 
nence of the promontory separating the oval and 
round windows. The bend of the facial canal is 3 to 
4 mm from the posterior commissure of the oval 
window and 3 mm from the tympanic sulcus. The 
latter distance is fairly constant and represents the 
thickness of the styloid complex, which is derived 
from Reichert’s cartilage. 


The convexity of the second turn of the facial ca- 
nal has relations posteriorly with the posterior semi- 
circular canal and the posterior cranial fossa. In 
large pneumatized petrosas, 10 to 12 mm separate 
the turn from the posterior fossa (Fig. 7); and in 
small, narrow petrosas, the distance may be only 4 
mm. In the first case the ampullary arm of the 
posterior canal is 3 to 4 mm from the turn, but in 
the second, the facial canal and posterior canal con- 
tact each other, and their cavities are separated on- 
ly by the thickness of the labyrinthine capsule and 
the facial canal wall — a distance of 1.5 mm. 


The distance separating the turn of the facial 


from the summit of the angle formed by the hori- 
zontal semicircular canal and the posterior vertical 
canal is at most 3 to 4 mm (Fig. 7). 


Above the second turn of the facial canal lies the 
arch of the horizontal semicircular canal, but the 
turn im the facial canal quickly separates from it as 
it proceeds posteriorly and inferiorly (Fig. 7). 


Mecially, the second turn of the facial canal is 
separated from the ampulla of the posterior semi- 
circular canal by 4 to 5 mm of compact bone or cells 
in large petrosas (Fig. 7) and by only 2 mm of com- 
pact bone in contracted petrosas. In the first case, 
the tympanic sinus often separates it from the pos- 
terior ampulla (Fig. 19). This does not occur in the 
second case. 


Externally, on leaving the posterior third of its 
tympanic portion, the facial canal immediately en- 
counters progressively thickening bone on its ex- 
ternal and superior surface. This heavy bone separ- 
ates the posterior tympanum from the mastoid cells 
up to the level of the fossa incudis, which is the floor 
of the mastoid antrum. It is referred to as the pos- 
terior buttress and as the “massif du facial” by the 
French otologists. It is of second branchial arch 
arigin (Reichert’s cartilage). The facial nerve is the 
nerve of the second branchial arch. It takes a posi- 
ton on the posterior and medial portion of this ex- 
tension up into the complex posterior tympanum of 
tne styloid complex. The term “styloid complex” is 
applied to the styloid process, posterior wall of the 
tympanum up to the fossa incudis, the pyramidal 
process, ponticulus, and subiculum and chordal 
eminence.” The facial canal keeps this relationship 
until it emerges at the stylomastoid foramen. 


From the surgeon’s view, the facial canal and the 
posterior limb of the horizontal canal are suddenly 
covered by this styloid complex. If one dissects care- 
fully through this mass of bone, one can uncover the 
facial sinus (Fig. 17), which is a recess descending 
along the external surface of the facial canal as far 
cown as the level of the canal for the chorda tym- 
pani nerve.” Once this sinus is uncovered laterally, 
it is usually possible to see the descending facial ca- 
ral beneath its thin, smooth medial wall. Laterally, 
tne styloid complex fuses with the tympanic bone. 


THIRD PART OR VERTICAL PORTION 
OF THE FACIAL CANAL 


The vertical portion of the facial canal extends 
from the second turn to the stylomastoid foramen 
(13 mm). It is nearly rectilinear. It forms an angle 
cf 95 to 125° with the tympanic portion of the facial 
canal (Figs. 7, 8, 15 and 16). It deviates from the 
vertical posteriorly. It runs through the mastoid 
process and thus merits the name “mastoid portion.” 


The vertical portion of the facial canal tends to 
swing laterally, and at the level of the stylomastoid 
foramen the nerve is found more external than at 
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the level of the last turn. This lateral deviation may 
reach 2 or 3 mm. In some individuals, however, the 
canal may be found to have deviated medially in- 
stead of laterally. 


The superior half of the third portion of the facial 
canal rarely deviates from its vertical course except 
for a minimal external shift. The second tum lies 
beneath the posterior portion of the horizontal ca- 
nal. Therefore, the facial canal is very rarely ex- 
ternal to the projection of the horizontal canal. If 
the surgeon remains 1 or 2 mm external to the hori- 
zontal canal, there is no risk of injury to the facial 
nerve. 


Posteriorly, the vertical portion of the acial 
canal is separated from the posterior fossa by a dis- 
tance of 4 to 12 mm. This retrofacial space is usually 
occupied by the retrofacial air cells. The inferior 
third of the descending mastoid portion of the Later- 
al sinus lies directly behind the facial canal at a dis- 
tance varying from 3 to 10 mm. The mastoid por- 
tion of the facial canal deviates posteriorly from the 
vertical by 5 to 35°, a point to always remember 
when operating in the mastoid (Fig. 8). 


Medially, the vertical portion of the facial canal 
enters in relation to the jugular bulb (Fig. 15). 
These relations are very variable. When the jugular 
fossa is high, the facial canal is accessible from the 
posterior via the retrofacial space or anteriorly via 
the tympanum. The facial canal can be found € mm 
external to the jugular dome, and at other times 
(rarely) its thin bony shell can adhere to the dome 
along its entire vertical length. The facial canal 
may even be dehiscent in the jugular fossa (Fig. 15). 
If the jugular fossa is nonexistent, the facial canal is 
not in relation with the jugular bulb, which re- 
mains below the level of the stylomastoid foramen. 


When the facial canal is not in contact with the 
jugular dome (this is the usual case), the space 
which separates them is filled with compact bone 
separating the tympanum from the occipitojucular 
region. However, this endofacial region can be 
filled by air cells, the jugular fossa may be absent, 
and the sublabyrinthine space is found pneuma- 
tized. In such a case tympanum, occipitojugular 
cells, and sublabyrinthine spaces can form a very 
large pneumatic area, which could be difficult to 
eradicate in cases of infection. The tympanic sinus 
often passes medial to the facial canal as far up as 
the inferior arm of the posterior canal. 


The third portion of the facial canal is in relation 


anteriorly with the tympanum and the external au- 
ditory canal. In its superior region, it is in relation 
to the posterior wall of the tympanum, which is 
made up by the styloid complex (Fig. 17) and which 
varies from 2 to 4 mm in thickness. At the level of 
the round window, it crosses the tympanic bone in 
an “X” and is found hereafter behind the external 
auditory canal (Fig. 15). This crossing results from 
the fact that the tympanic membrane is more or less 
strongly inclined from above below and from ex- 
ternally internally, while the facial canal is nearly 
vertical.’ The tympanic ring is thus a good land- 
mark for the facial canal, 3 mm separating it con- 
stantly. Further down, the posterior wall of the ex- 
ternal auditory canal and the facial canal deviate a 
little more from each other. The external auditory 
canal being horizontal and the facial canal vertical, 
their relationships are measured by the height of the 
external canal and cease completely at the level of 
its floor, which corresponds to the junction of the 
middle and inferior thirds of the facial canal. 


STYLOMASTOID FORAMEN 


The stylomastoid foramen opens at the base of 
the petrosa between the mastoid process and the 
styloid. It is always very close to the styloid process, 
and often it is contiguous to its base and lies on its 
posteroexternal surface. Viewed from the profile of 
the head, it is projected on the suture of the tym- 
panic bone and the mastoid (tympanopetrosal su- 
ture). At the time of mastoid surgery, the stvlomas- 
toid foramen can be localized by following the mid- 
dle of the digastric groove forward to the base of the 
styloid process. The foramen lies immediately pos- 
terior to the styloid process (Figs. 7, 15 and 16). To 
avoid injury to the facial nerve at the stylomastoid 
foramen, the surgeon should limit the surgery to the 
anterior extremity of the diagastric groove or to the 
anterior edge of the base of the mastoid process. 


In the newborn the stylomastoid foramen (Fig. 
20) is at a very high level with the facial nerve 
emerging at the level of the floor of the mastoid an- 
trum. With the growth of the squamosal portion of 
the mastoid the facial canal is displaced downward 
while adhering to the styloid process. The position 
of the facial nerve in the newborn must be kept in 
mind whenever surgery is done in this area. 


Extensive studies of the anatomy of the facial 
canal have been made by Bellocq," Girard,'’? and 
Paturet.'* Further information may be obtained 
from these sources. 


II. ANATOMICAL VARIATIONS AND ANOMALIES 
INVOLVING THE FACIAL CANAL 


GEORGE T. NAGER, MD 


All portions of the temporal bone are subject to 
variations and anomalies. They concern the forma- 
tion of the components that constitute the temporal 
bone, the extent of pneumatization, the configura- 
tion of the middle ear cavity, the differentiation of 
the middle ear structures, and the development of 
the otic and vestibular capsule. They also involve 
the anatomy of the facial canal, the architecture of 
the internal and external auditory meatuses, the 
position of the endolymphatic sac, the location of 
the major blood vessels, and the persistence of cer- 
tain embryonic vascular structures. 


The facial canal, as it traverses the temporal 
bone, may display congenital bony dehiscences, 
variations and anomalies of its natural course, and 
in a rare instance, include a large persisting embry- 
onic artery or vein. Each of these features may have 
clinical and surgical significance. 


The otologic surgeon must be familiar with these 
variations and anomalies, suspect them and identify 
them preoperatively whenever indicated, so that he 
can adjust his surgical approach or leave them un- 
disturbed, in order to avoid an injury to the facial 
nerve. 


CONGENITAL BONY DEHISCENCES 
IN THE FACIAL CANAL 


It is not surprising that the facial canal can be 
defective since it is made from two separate em- 
bryologic structures, the primordial otic capsule 
and Reichert’s cartilage from the second branchial 
arch.'* In the 10-week-old fetus, the facial “canal” 
is a deep sulcus in the canalicular portion of the 
primordial otic capsule. The otic capsule is at that 
time entirely cartilaginous. Reichert's cartilage 
becomes attached to the otic capsule and provides 
the remaining cartilaginous circumference to the 
labyrinthine and tympanic segments of the facial 
canal. Its ossification begins at that time. This con- 
tribution from Reichert’s cartilage persists as a 
readily identifiable histologic structure through the 
first postnatal year. By the end of the year ossifica- 
tion is generally completed. In some instances cło- 
sure of the facial canal is never fully accomplished, 
and in localized areas or dehiscences the canal pe- 
mains open to mucoperiosteum of the middle ear, 
just as the tissue of the facial sulcus in fetal life was 
continuous with the mesenchyme beneath the epi- 
thelium of the expanding tympanic cavity." 
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A gap in the continuity of the osseous wall may be 
observed in any portion of the facial canal; the ma- 
jority, however, is observed along the tympanic seg- 
ment (Fig. 21). Such dehiscences may involve the 
inferior. lateral and medial wall. They are most fre- 
quently located above and posterior to the oval win- 
dow, and occasionally at the cochleariform process 
over the lateral aspect of the geniculate ganglion. 
The remaining gaps are found along the mastoid 
segment, and very rarely over the superior aspect 
and medial to the geniculate ganglion. Their great- 
est width varies from 0.5 to 3 mm. As a rule they are 
less numerous and smaller in a well-pneumatized 
temporal bone, and they are regularly observed bi- 
laterally and symmetrically in location and extent. 
The presence of more than one gap is not unusual. 


The most accurate information concerning their 
incidenee, size and location has been derived from 
histologic examination of serially sectioned tem- 
poral bones. Baxter'* examined 535 temporal bones 
from 332 individuals from the collection of the 
Massachusetts Eye and Ear Infirmary. His observa- 
tion revealed an incidence of 55% . Ninety-one per- 
cent of dehiscences were located in the tympanic 
segment and 9% in the mastoid segment. Of all de- 
hiscences in the tympanic segment, 83% were lo- 
cated adjacent to the oval window involving the 
lateral, inferior and medial portion of the canal, 
with the facial nerve protruding from its canal in 
26%. Their greatest diameter ranged from 0.5 to 
3 ] mm. In less than 1% (0.8%) did a dehiscence 
involve the entire length of the tympanic segment. 
Of all the dehiscences in the mastoid segment 79 % 
opened into the facial recess and 21% into the tym- 
panic sinus or into the retrofacial cells, with the 
nerve protruding from its canal in 12%. Their 
greatest diameter ranged from 0.4 to 2 mm. Baxter's 
findings are very similar to those of Dietzel’s’® who 
had examined 211 temporal bones and found an in- 
cidence of 57%, identical predilective sites and 
comparable dimensions. The frequency of dehis- 
cences in the facial canal is therefore sufficient to 
regard them as a variation rather than an anomaly. 
Guild” emphasized the clinical and surgical signifi- 
cance. Since Politzer'® wrote about them in his text- 
book in 1894, numerous aural surgeons reported 
their observations. 


Dehiseences in the tympanic segment of the facial 
canal may lead to an inferior protrusion of the 
nerve frem its canal (Figs. 21-24). This protrusion 
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Fig. 21. Locations of bony dehiscences in facial canal. 


may vary from a slight bulge of the nerve through a 
small opening to a situation in which the 2reater 
portion of the nerve has emerged from the facial 
canal and has come to lie upon the superior aspect 
of the crural arch and upon a portion of the foot- 
plate of the stapes (Figs. 23 and 24). Occasionally 
the entire lateral and inferior circumference of the 
facial canal may be missing around the posterior 


Fig. 22. Vertical section through 
left temporal bone at level of vesti- 
bular and cochlear fenestra in 
adult. Facial nerve partially pro- 
trudes through congenital dehisc- 
ence in inferior wall of tympanic 
segment of facial canal. (H & E, x 
16) 


crus of the stapes leaving the facial nerve widely ex- 
posed (Fig. 25). That such an exposed nerve has a 
higher risk to become involved in an inflammatory 
process (Fig. 26) or any other form of injury is 
readily understandable. Similarly, a facial nerve in- 
jury may result, for instance, from elevation of the 
middle cranial fossa dura during an approach to the 
trigeminal nerve in a patient with a bony dehi- 
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scence in the labyrinthine segment of the facial 
canal, above or just medial to the geniculate gang- 
lion (Fig. 27). The observation that in a dehiscence 
the mucoperiosteum of the middle ear is in direct 
apposition with the epineurium may explain thepo- 
tential effect of a local anesthetic in the middle-ear 
upon the facial nerve. The inferior sagging of the 
seventh nerve through a bony defect above the eval 
window (Fig. 21) should not be confused with an 
aberrant course of the facial canal in that particular 
area. 


A dehiscence in the lateral wall of the facial canal 
at the geniculate ganglion exposes the nerve to the 
anterior epitympanic recess. Care, therefore, must 
be exercised when eradicating disease from that 


Fig. 23. Vertical section through 
left temporal bone at posterior end 
of stapes footplate in adult. A) Ab- 
normal vein (persistent lateral 
capital vein) occupies one third of 
facial canal. Major portion of fa- 
cial nerve lies outside canal on pos- 
terior crus of stapes. Its lateral 
portion reveals early asympto- 
matic schwannoma (H & E, x 12). 
B) Tumor is composed of inter- 
woven bundles of long bipolar 
a Pe cells with ovoid or rod- 
shaped central nuclei containing 
variable amounts of chromatin 
and inconspicuous nucleoli (type A 
tissue of Antoni) (H & E, x 250). 


area." Similarly the aural surgeon must be aware of 
the frequent occurrence of dehiscences in the later- 
al. inferior and medial wall of the facial canal 
abeve and posterior to the oval window.'””° A de- 
hiscence over the vestibular fenestra may be so large 
as +o permit the facial nerve to slide out of its bony 
carnal and rest on the stapedial arch where it may 
produce a conductive hearing loss. Marked protru- 
sions of an exposed facial nerve have been observed 
by many surgeons and reported in the literature.”’ 
Their oceasional presence in middle ear dysplasias is 
wel recognized.2? Many years ago one of the 
authors (GTN) discovered a small asymptomatic 
schwannoma in a herniated facial nerve in this loca- 
tioa in the left temporal bone of one of our patients 
(Fiz. 23). A subsequent report of a tumor-like her- 
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niation of the tympanic portion of the right facial 
nerve in a 17-year-old girl” raises the question of a 
possible causal relationship. Of interest in this re- 
spect are the observations by Babin et al of a 
“traumatic” neurinoma of the facial nerve in such a 
herniation in two patients with a history of long- 
standing chronic otitis media. 


ANATOMICAL VARIATIONS IN THE 
COURSE OF THE FACIAL CANAL 


The labyrinthine segment of the facial canal ex- 
tends from the fundus of the internal acoustic mea- 
tus to the geniculate ganglion across the axis of the 
petrous pyramid. It varies in length between 2.5 


Fig. 24. Vertical section through 
left temporal bone at center of 
stapes aaar Pri of adult. A) 
Almost half of facial nerve pro- 
trudes into oval window niche 
through congenital dehiscence in 
floor of Iscia cont (H & E, x 15), 
B) Extracanalicular portion of 
facial nerve covers cranial half of 
stapes footplate in its entire 
length. There is no separation be- 
tween epineurium of nerve and 
mucoperiosteum of footplate (H & 
E, x 30). 


and 6 mm.” The tympanic segment runs from the 
geniculate ganglion posteriorly to the lateral semi- 
circular canal in a more or less inclined plane 
parallel to the axis of the pyramid. As it courses 
along the medial wall of the tympanic cavity above 
the oval window it follows an oblique direction 
from inside out. It varies in length from 7 to 11 
mm.** The mastoid segment generally runs straight 
downward from the posterior margin of the oval 
window to the stylomastoid foramen. Its length var- 
ies between 9 and 16 mm.” It may form a slight 
anterior, posterior or medial curve when viewed 
laterally (Fig. 28 C-E). In most instances its course 
is straight downward. In some patients, however, 
the stylomastoid foramen is located more laterally 
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Fig. 25. Vertical section through 
right temporal bone at junction of 
tympanic with mastoid segment of 
facial canal in adult. Congenital 
absence of lateral, inferior and 
part of medial portion of bony 
canal wall resulted in almost total 
exposure of facial nerve in that 
location. (H & E, x 12) 


when viewed from behind, and in such instances 
the mastoid segment of the facial canal follows, in- 
stead of a vertical, an outward oblique direction 
(Fig. 28 F). Rarely does the mastoid segment follow 
an inward oblique course. 


ANATOMICAL ANOMALIES OF THE 
COURSE OF THE FACIAL CANAL 


In addition to the variations, there are a number 
of recognized anomalies involving the course of the 
facial canal. These anomalies are seldom en- 
countered in the normally developed temporal 
bone, but frequently are observed in its malforma- 
tions. Fowler?’ collected the most pertinent forms 
from the literature and depicted them in a diagram- 
matic manner. Whereas the observations involving 
the mastoid segment may be found in a normally 
developed temporal bone, the ones involving the 
tympanic segment are frequently associated with a 
dysplasia of the stapes, lack of differentiation, or 
agenesis of the oval window. Severe dysplasias of 
the middle and inner ear are, with few exceptions, 
regularly accompanied by an aberrant course of the 
facial canal. 


The anomalies of the course of the facial canal 
may be conveniently classified according to the 
level at which they involve the facial nerve or the 
segment of the facial canal in which they are en- 
countered. 


Canalicular Segment of the Facial Canal. In an 
exceptional instance the facial nerve may enter the 
petrous pyramid instead of via the internal acoustic 
meatus through the subarcuate fossa and run 
through the center of the superior semicircular 
canal to the stylomastoid foramen, bypassing the 
middle ear cavity?’ (Fig. 29 A). In a rare situation a 
bifurcation of the nerve may be encountered within 





the internal auditory canal. 


Labyrinthine Segment of the Facial Canal. Rare 
cases of a bifurcation of the facial nerve within the 
labyrinthine segment of the facial canal were de- 
scribed by Altmann”? and Miehlke and Partsch.” 


Tympanic Segment of the Facial Canal. Aberra- 
tions in the course of the facial nerve in this segment 
of the facial canal can be subdivided into the fol- 
lowing categories: 

1. Facial nerve coursing along the superior aspect 
of the lateral semicircular canal (Fig. 29 B). 

2. Bifurcation of the facial nerve anterior or prox- 
imal to the oval window (Fig. 29 C-F). 

3. Facial nerve coursing horizontally over the 
oval window (Fig. 29 G). 

4. Facial nerve coursing through the stapedial 
arch (Fig. 29 H, I). 

5. Facial nerve coursing posteriorly between the 
oval and round window (Fig. 29 J). 

6. Facial nerve coursing posteriorly inferior to the 
round window (Fig. 29 K). 

7. Facial nerve coursing from the geniculate 
ganglion straight downward over the promontory 
(Fig. 29 L). 

8. Hypoplasia of the facial nerve (Fig. 29 N, X, 
1): 


H. House (personal communication) has seen the 
facia. nerve coursing along the superior aspect of 
the lateral semicircular canal in two instances (Fig. 
29 B). One observation was in a cadaver, the other 
in a patient scheduled for a fenestration operation. 


Bifurcations of the facial nerve anterior to the 
oval window are commonly associated with devel- 
opmental anomalies of the vestibular fenestra and 
stapes whereby the greater or lesser portion of the 
nerve may run above or below the totally or partial- 
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ly undifferentiated oval window. This forn of bi- 
furcation has been observed by the authors and 
others on many occasions?! ?”-?! (Fig. 29 CF). 


A transcrural course of a facial nerve has been ob- 
served on several occasions’??? (Fig. 29 H, I). 
Marquet™ reported a patient in whom one portion 
of a bifid facial nerve passed through the center of 
the stapedial arch (Fig. 29 I). Butler,” during the 
removal of a cholesteatoma, found an exposed fa- 
cial nerve passing through the stapedial arch almost 
totally occupying its lumen. The facial nerve reen- 
tered a bony facial canal which continued its course 
downward posterior to the round window (Fig. 29 


H). 


Fowler?’ observed a facial nerve crossing the 
promontory in a patient with congenital fixation of 


Fig. 26. Vertical section through 
left temporal bone at level of oval 
window in child with congenital 
dehiscence in tympanic segment of 
facial canal and acute bacterial 
otitis media. A) Purulent exudate 
occupies most of middle ear cavity 
and drains through central per- 
foration in inferior tympanic 
membrane into external ey 
canal (H & E, x 12). B) Acute cel- 
lulitis involves mucoperiosteum 
covering facial canal and extends 
through dehiscence in bony canal 
into exposed underlying facial 
nerve (x 75). 


the footplate and a persistent stapedial artery. Mar- 
tin and Martin’ reported a bilateral course of the 
facial nerve below the oval window in association 
with bilateral congenital fixation of the footplate 
and ossification of the stapedius tendon. Mayer and 
Crabtree’ added three additional patients and re- 
viewed nine previous cases from the literature. All 
12 patients had a congenital conductive hearing loss 
and the facial canal was dehiscent in that segment. 
The exposed nerve appeared normal in nine, but as 
a “boggy mass” in three patients. In ten instances 
the stapedial arch was markedly anomalous and the 
stapedial footplate lacked differentiation. In one of 
these author’s three patients the lateral semicircular 
canal and vestibule were abnormally large. 


Durcan et al?! discussed three patients in which 
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Fig. 27. A) Paramodiolar section 
through right temporal bone at level 
of geniculate ganglion and origin of 
greater superficial petrosal nerve in 
adult (H & E, x 14). B) Same sec- 
tion. Due to complete absence of su- 
perior bony wall of labyrinthine seg- 
ment of facial canal, geniculate 
anglion is exposed and has become 
irmly attached to overlying dura of 
middle cranial fossa (x 50). 


the facial nerve ran over the promontory between 
the oval and round window. The nerve appeared 
slightly larger than normal and overlaid the oval 
window from below. Leek” and Henner” made a 
similar observation in one patient with an otoscler- 
otic process, and another with a dysplasia of the 
stapedial arch and oval window. Jahrsdoerfer’’ ob- 
served anomalies of the facial nerve in 13 of 54 ears 
(24%) operated for minor malformations of the ear 
(patent outer ear canal and identifiable tympanic 
membrane). The most frequent abnormalities were 
an exposed facial nerve devoid of any bony cover 
(10/13 patients), and an abnormal position of the 
facial nerve. The position of the tympanic segment 
of the facial nerve was normal, above the oval win- 
dow, in two patients. In two it was impinging the 





stapedial arch from above. In 4 patients it was cov- 
ering the oval window, in 4 it was below the oval 
window, and in 1 the exposed nerve segment was 
suspended in midair. In these 13 patients the ano- 
maly of the facial nerve was associated with a nor- 
mal stapes in 3, with a malformed stapes in 8, and 
with an absent stapes in 2 patients. The oval win- 
dow was present in four but absent in nine patients. 
The round window was present in 7 patients, ab- 
sent in 2 and not visualized in 3 patients. 


A facial nerve, descending over the promontory 
anterior to both windows and leaving the temporal 
bone threugh the hypotympanum, associated with 
an empty facial canal in a normal position was re- 


ported by Dickinson et al” (Fig. 29 L). Angell- 


52 





PROCTOR & NAGER 


Semic-rcular 
Canals 


Geniculate 


7 gang. 


Mastoid 
process 


AN 


Ç 


Fig. 28. Yariations in course of facial nerve. 


- =- Å- -ennn 
-~ 


Y 


‘ 
‘ 


' 
i 
rr ‘ 
iz x ' 
a ——— j 28 
: g Q I 
ea i 
= ‘ 
‘ 
= a ‘ 
E ee 
ke `S 





J 























ANATOMY OF FACIAL CANAL 53 


James (personal communication to Fowler’) 
describes a patient in whom the facial nerve ran 
through the anterior wall of the external auditory 
canal wall (Fig. 29 M). 


Kodama et al*° discussed the histologic findings in 
the left temporal bone of a 9-year-old girl, born 
with a deformed left auricle and left facial nerve 
paralysis. The extremely hypoplastic left faeial 
nerve ran together with a large persisting stapedial 
artery within a bony canal downward over the 
promontory anterior to the oval and round window 
(Fig. 29 N). The stapedial artery entered the middle 
cranial fossa at the facial hiatus. Failure of certain 
portions of the branchial arch cartilages to develop, 
and nonunion or a delayed union between these 
branchial arch elements and the primordial otic 
capsule, may permit the developing facial nerve to 
assume the abnormal forward position in these mal- 
formations. Similarly a delay in the fusion of the 
stapedial crura with the lamina stapedialis of the 
primordial otic capsule may be responsible for a 
partial or total transcrural course of the facial 
nerve.*):“ 


Mastoid Segment of the Facial Canal. Aberra- 
tions in the course of the facial canal in this segment 
can be subdivided into the following three categer- 
ies: 

l. Facial nerve following an abnormal posterier, 
lateral or anterior course (Fig. 29 O-T). 

2. Bifurcation and trifurcation of the facial nerve 
posterior or distal to the oval window (Fig. 29 
U-W). 

3. Hypoplasia of the facial nerve (Fig. 29 X, Y). 


The most frequent anomaly so far observed is the 
one characterized by a distinct posterior and lateral 
bulge (“dorsal hump”) of the canal just beneath the 
prominence of the lateral semicircular canal?’ *? 
(Fig. 29 O). In that instance the nerve is in a more 
lateral position than usual and closer to the opera- 
tor. Fowler” and Angell-James (personal communi- 
cation to Fowler’’) together had observed seven pa- 
tients with that anomaly. Wright** reported seeing 
vascular prominences in that location. They repre- 
sent anastomoses between the descending superti- 
cial petrosal vessels and the ascending pharyngeal 
vessels. Their usual location is just above the level of 
the pyramidal process of the facial canal. 


Fowler” and Kettel? described an abnormal 
posterior position of the mastoid segment, with the 
nerve overlying the anterior wall of the lateral 
sinus. This situation may be associated with an un- 
usual lateral displacement of the nerve?” *5 (Fig. 29 
P); 


The entire mastoid segment of the facial nerve 
may be in an abnormal posterior location“ (Fig. 29 
Q). In such a situation it may course 2 to 4 mm pos- 
terior to its usual location which is posterior to the 
posterior wall of the tympanic cavity. The mastoid 


segment is therefore located between the external 
meatus and the sigmoid sinus. 


Glasseock*’ reported an S-shaped anomaly of the 
rigat mastoid segment of the facial canal in a 
5-year-ald female with a history of two episodes of 
right facial palsy preceded in each instance by acute 
otitis media. An abnormally large chorda tympani 
nerve joined the facial nerve at the level of the 
pyramical process (Fig. 29 R). 


Fou** reported an infant with agenesis of the 


mastoid segment of the facial canal. In its absence 
the facial nerve made an anterior turn somewhat 
anterior and lateral to the level where normally the 
secend turn of the facial canal would be encoun- 
tered, to follow the chorda tympani nerve (Fig. 29 
5): 


Bellucci*? noted that in 9 of 71 patients with con- 
genital aural dysplasia, the facial nerve followed an 
abnormal course in the hypotympanum, turning 
anteriorly at the level of the round window instead 
of continuing downward toward the stylomastoid 
foremen (Fig. 29 T). During the removal of the 
atresia plate in congenital aural dysplasia, on two 
occasions, Pracy*® observed the facial nerve taking a 
lateral tarn below the short process of the incus, 
passing forward at this level to leave the temporal 
bone at the height of the temporomandibular arti- 
culetion. 


Tne tympanic segment of the facial nerve is formed 
by tie 35th week of fetal life. The posterior opening 
of the camal is located at the end of the second turn. 
This aperture is referred to as the primitive mastoid 
foramen. The formation of the mastoid portion of 
the sacial canal occurs during the subsequent devel- 
opment of the mastoid process. Any disturbance in 
the development of that segment of the canal may 
resut in an abnormal location or division of the 
nerve. Harpman*’ presented a radiograph of the 
mastoid process of a patient in whom the facial 


nerve emerged from the lateral surface of the mas- 
toid. about 1.27 cm (0.5 in) above the tip. 


A bifurcation of the facial nerve posterior or 
distal to the oval window, with the two branches 
continuing in separate canals and leaving the mas- 
toid process through individual foramina, was men- 
tioned by several otologists?5*5-5? (Fig. 29 U,V). The 
separate branches may cross on their way to in- 
divicual stylomastoid foramina, or reunite either at 
or just outside the stylomastoid foramen into a 
single trumk again.** ** The lateral of the two trunks 
is usually the larger and the one which received the 
chorda tympani nerve** (Fig. 29 U, V). Basek®? 
found bifurcations in 3 of 500 individuals, or in 
0.6%. A trifurcation of the facial nerve in the same 
locat.on and with identical characteristics (separate 
canals and separate stylomastoid foramina), was 
reported by Botmann and Jongkees,** and also by 
Heermann“ (Fig. 29 W). 
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Fig. 29. Anatomical abnormalities in course of facial nerve. 
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Fig. 29, cont'd. 
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Hawley,“ Tobeck’’? and Miehlke*® fcund the 
main trunk of the facial nerve to end ir a blind 
pocket of the mastoid process while only a very 
small branch continued the normal course of the 
nerve (Fig. 29 Y). Marquet** reported a similar 
dysplasia of the facial canal and nerve (Fig. 29 X). 


The most severe malformations of the favial canal 
and nerve, including their total agenesis, Lave been 
observed in the thalidomide embryopathy.*° 


ANATOMICAL VARIATIONS OF THE 
CHORDA TYMPANI NERVE 


The chorda tympani nerve may exhibit variations 
and aberrations in relation to its origin frcm the fa- 
cial nerve as well as its course through th2 mastoid 





Fig. 30. Vertical section through 
right temporal bone at level of 
cochleariform process in adult. A) 
Abnormally large vein (persistent 
lateral capital vein) occupies half 
of lumen of tympanic segment of 
facial canal (H & E, x 10). B) 
Same abnormal vein is seen ac- 
companying right facial nerve in 
mastoid segment of facial canal (H 
& E, x 10). 


process.*” Its origin may vary from 1 mm distal to 11 
mm proximal to the stylomastoid foramen. On the 
average the chorda arises 5 mm above the stylomas- 
toid foramen. In the rare situation of an extratem- 
poral origin (2%) the chorda travels in its own 
separate bony canaliculus parallel to the facial 
canal. In an exceptional middle ear malformation, 
the chorda may join the facial nerve in its tympanic 
segment at the cochleariform process.?” Three in- 
stances of a bifurcation of the chorda tympani nerve 
have been described by Durcan et al.2! 


Abnormal Artery and Vein. Occasionally a per- 
sisting stapedial artery may be encountered enter- 
ing the tympanic segment of the facial canal 
through the stapedial arch. It is a remnant of the 
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Fig. 31. Vertical section through 
left temporal bone of same patient 
in Fig. 30 at level of oval and 
a j window. A) Abnormal 
vein, accompanying facial nerve, 
is well recognized (H & E, x 12). 
B) Same abnormal vein accom- 
panies left facial nerve and stylo- 
mastoid artery in mastoid segment 
of facial canal (H & E, x 16). 





B 
dorsal end of the second aortic arch which usually bryonic life it provides the main venous drainage 
disappears early in fetal life. The persisting from the anterior and middle portions of the brain. 
stapedial artery arises from the internal carotid It normally undergoes involution in later fetal life 
artery, traverses the floor of the hypotympanum, when the anterior and middle cerebral veins begin 
ascends along the promontory within its own bony to drain into the posterior cerebral vein. 
canal, passes through the stapedial arch, and enters 
the facial canal above the oval window. It accom- SUMMARY 


panies the facial nerve upward and supplies the 
outer surface of the dura in a similar fashion as the 
middle meningeal artery does.** 


In a rare instance a large vein, of equal size or 


The regional and surgical anatomy of the facial 
canal as it traverses the temporal bone and relates to 
important adjacent structures is reviewed in detail. 


larger than the facial nerve, may be observed join- Congenital bony dehiscences in the facial canal 
ing the nerve in the facial canal near the geniculate are encountered in about 55% of temporal bones. 
ganglion and accompanying it to the stylomastoid They result from incomplete closure of the canal 
foramen. This vessel represents a persisting lateral wall during its development. Dehiscences may be 


capital vein (Figs. 30 and 31). During early em- observed in anv portion of the facial canal. The ma- 


60 PROCTOR & NAGER 


jority, about 90% , are located in the tympanic seg- 
ment, and about 10% are situated in the mastoid 
segment. In the tympanic segment, about 8) % are 
located adjacent to the oval window, involving the 
lateral, inferior and medial portion of the canal, 
with the facial nerve protruding in about 25%. In 
the mastoid segment about 80% of the dehiscences 
open into the facial recess and about 20% com- 
municate with the tympanic sulcus or with the re- 
trofacial cells, with the nerve protruding in about 
12%. 


The variations of the facial canal may involve the 
length and direction of each segment, the angular 
relation between the tympanic and the mastoid seg- 
ment, and the downward course of the mastoid seg- 
ment. 


Anomalies of the facial canal are seldom en- 
countered in the normally developed temporal 
bone, but frequently are observed in its malforma- 
tions. They include aberrations of the course of a 
single or of all segments of the canal, an abnormal 
relation to the oval and round window, bifurcations 
and trifurcations of the nerve, and associations with 
dysplasias of the stapes, oval window, external ear 
canal and auricle. In a rare instance the facial nerve 
may be severely hypoplastic or totally absent. 


Two abnormal vessels may occasionally accom- 
pany the facial nerve in the facial canal: a persistent 
stapedial artery and a persistent lateral capi-al vein. 


AXIOMS AND CONCLUSIONS 


1. Always be on the lookout for the facial nerve. 

2. Know exactly where you are at all times. Be- 
ing careful is not enough. 

3. If the surgical procedure involving tne facial 
nerve makes corrective surgery difficult, -hen the 
operation should not be pursued to the point that 


makes facial paralysis a possibility. 

4. Anticipate dehiscences all along the course of 
the facial canal. 

5. If the facial canal is opened without injury to 
the nerve, there is no need to do a decompression. 

6. If a soft tissue mass involves the promontory 
and hypotympanum, check the facial nerve at the 
geniculate and follow it peripherally before curett- 
ing soft tissue. A boggy mass on the promontory can 
be the facial nerve.** 

7. When cholesteatoma obscures the course of 
the facial nerve, identify the nerve in an uninvolved 
area, and using important landmarks (promontory, 
lateral semicircular canal, cochleariform process), 
follow the nerve into and through the diseased tis- 
sue. 

8. Remove matrix if it is present on the facial 
nerve — even if there is a dehiscence. 

9. If in doubt, probe the facial nerve gently with 
a blunt probe. 

10. Never avulse the stapedial muscle or tendon 
but rather cut it with a sharp scissors or knife — it 
may be firmly attached to the facial nerve. 

11. Polytomography is essential when anomalies 
are suspected. 

12. Look for minor anomalies (preauricular cysts, 
etc) which may indicate other anomalies. 

13. A bifurcated facial nerve can easily be cut ac- 
cidentally — the two parts are usually unequal and 
the smaller overlooked. 

14. Beware of any soft tubular structure in the 
middle ear regardless of its location. 

15. If an anomaly is evident, do not cut a large 
chorda tympani nerve — it may have facial nerve 
fibers. 

16. Never ligate the stapedial artery — it may 
compromise cerebral circulation. 

17. Abnormalities should be carefully docu- 
mented and reported. 
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SPEECH AND LANGUAGE DEVELOPMENT IN A PARENT-INFANT 
TOTAL COMMUNICATION PROGRAM 


A. DEE, MA 
I. RAPIN, MD R. J. RUBEN, MD 


BRONX, NEW YORK 


INTRODUCTION these infants. The data were collected by means of 
diaries maintained at least weekly on each of the 
children. A description of the audiometric and 
medical information on each of the children is pro- 


A long-term controversy exists between educators 
advocating a strictly oral and those a total commun- 
ication (TC) approach to the habilitation of deaf 


children. A TC program mandates early exposure to vided. 
manual signs and finger-spelling, always combined 
with speech and with speechreading training. METHOD 
Advocates of TC point to research findings that Population. The subjects of this study were all of the hearing- 


impaired children enrolled in a regional TC parent-infant pro- 


indicate the failure of oral educational environ- gram from September 1977 to September 1980. The chil i. 


ments to foster adequate language development were entered in the program on the basis of age, geographic loca- 
among most deaf children and adults.'-* These re- tion, and handicap. Selection of the program by the parents was 
ports conclude that a deaf child who cannot hear or not based on its educational method as the parents were not 
understand connected speech has minimal oppor- aware, at intake, of the characteristics of TC. 

tunity to learn language if his/her exposure is lim- Subjects. The 11 subjects ranged in age from 14 to 30 months at 
ited to oral communication. When manual signs are entry into the TC program. They left the program at ages 31 to 42 


months (Table 1). There were no uniform intake or exit dates for 


incorporated into the habilitation approach, more the subjects, and the total number of months spent in the program 


normal language acquisition can occur during the varied from 6 to 21 months. None of the subjects had known in- 
critical early years.5-7 Language, once learned, can tellectual deficits. One, subject 4, was multiply handicapped, 
then be expressed verbally as speech skills develop.® with a cleft palate and a tracheotomy because of subglottic steno- 
One need not stress the importance of language for sis that impaired his ability to produce speech (Table 2). Subject 9 

had Goldenhar’s syndrome with velopharyngeal insufficiency 
the optimum social, psychological, and educational which decreased the intelligibility of her speech. Subject 1 had a 
development of the hearing-impaired chik =u progressive neurological illness with ataxia, myoclonus, and retin- 


itis pigmentosa. 
Advocates of oralism contend that the ability of jij 


young deaf children to develop speech is irhibited if All children had hearing parents who agreed to be trained in 


TC. Six of the children had normal-hearing siblings who were 


they are permitted to communicate in sign language. ú also involved in sign language training. The families’ social 
The null hypothesis of our investigation is that the background was predominantly middle income (Table 3). 
use of sign language in the early habilitation of the The children were all thought to have severe to profound sen- 
significantly hearing-impaired child will inhibit the sorineural hearing losses on the basis of brainstem auditory evoked 
development of speech. potentials and/or behavioral audiometry when they entered the 
program. Subject 11 was found to have a severe loss with a pure- 
This null hypothesis was examined in the total tone average of 83 dB in the left ear and 75 dB in the right ear. 
population of deaf infants, ages 14 to 42 months, The audiometric data on 7 of the 11 children in which audio- 
enrolled in an early intervention parent-infant pro- grams are available are given in Table 4. Subjects 3, 6, and 7 had 
, : , : soundfield responses of greater than 90 dB. Subject 1 had sound- 
gram which used TC. This longitudinal study docu- field responses at 75-80 dB. Information was available concerning 
ments the acquisition of speech and language in responsiveness to hearing aids in all 11 children (Table 5). 
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TABLE 1. AGE AT DIAGNOSIS AND TIME IN 
PROGRAM (MONTHS) 


Subject Age at Age at Time in Age 
No. Intake Exit Program Aided 
l 23 4] 18 18 
2 30 36 6 30 
3 16 37 21 19 
4 28 4] 13 27 
5 16 37 21 19 
6 20 35 15 20 
T 14 34 20 13 
8 20 37 17 22 
9 20 33 13 24 
10 18 31 13 14 
1] 22 42 20 22 
Average 20.6 36.7 16.1 20.7 


Teaching Method. The TC method integrated speech, sign lan- 
guage, finger-spelling, aural/oral training, and amplification. 
Total communication was used to stimulate the language and 
cognitive development of the infants and to allow communication 
between infant and parents. 


Speech and auditory training were coordinated into the normal 
day-to-day living activities appropriate for each infant’s develop- 
mental level. Supplementary formal speech and auditory training 
outside of the program was recommended as soon as the infant 
appeared to be able to respond to such training; it was instituted 
in subjects 4, 8, 10 and 11 (Table 6). 


Family Instruction Sessions. Each family met weekly for two- 
hour sessions with the parent-infant teacher in the infant room of 
the local public school in which the program was located. Fathers 
participated as often as their work schedules permitted. All of the 
fathers were able to attend sporadically throughout the year and 
received training in TC. Siblings and other family members were 
encouraged to attend these sessions. Occasional home visits were 
made on an “as needed” basis. This enabled the teacher to 
monitor compliance with the program in the home environment. 
Two of the 1] infants (subjects 4 and 5) received almost all of their 
instruction in the home setting. 


These family instruction sessions were structured to give the 
family members skills for the habilitation of their hearing- 
impaired child. This was done by demonstration-teaching of the 
child with the parent observing, and then by having the parent 
interact with the child under the guidance of the parent-infant 
teacher. Routine age-appropriate activities such as eating, play- 
ing, toilet training, storytelling, bathing, etc, were used as a basis 
for this instruction, in addition to educational games and tasks. 


The parents were trained in TC techniques designed to develop 
the infant’s awareness of voice, to foster maximum use of residual 
hearing and lipreading skills, to develop language input strategies 
and concept formation, and to promote age-appropriate sensori- 
motor and cognitive skills. In addition, the parents were made 
aware of the implications of their child’s hearing impairment in 
terms of his/her emotional, social, and educational development.” 
At the end of each session, the teacher gave specific assignments 
for home reinforcement to be carried out during the next week. 
The family sessions helped the family group cope with the initial- 
ly overwhelming problem of having a hearing-impaired child. 


TABLE 2. ETIOLOGIES OF DEAFNESS 


eee TŘ 
Uncomplicated, idiopathic 
Meningitis 


poe N 


Malformation syndromes 
Vater syndrome with absent labyrinth and 
no vestibular function (subject 4) 


Goldenhar’s syndrome (subject 9) 


Progressive ataxia, myoclonus and retinitis 
pigmentosa (subject 1) l 


Weekly parent education sessions supplemented the weekly in- 
structional sessions. 


Data Collection. The data for this study were derived from 
weekly diary entries for each child collected in a systematic man- 
ner, The information came from three sets of observations and 
was entered_after each of the family sessions: 1) each family kept a 
diary of the day-to-day development of its child; 2) the parent- 
infant teacher kept a diary of the progress of each child and fami- 
ly while in the instructional environment; and 3) information ob- 
tained at the weekly parent instructional session was recorded by 
the teacher. 


Diary information used for this report concerned the expressive 
and receptiwe speech and language development of each of the 
children (Tables 8-11), together with an assessment of the 
families’ communicative competence at the time the child left the 
program (Tables 12 and 13). 


RESULTS 


Fiadings at Intake. The communicative charac- 
teristics of the subjects at intake are summarized in 
Table 7. All of the subjects attempted to communi- 
cate with their parents by means of various combi- 
nations of voice, gesture, body language, and facial 
expression. The children would get attention by 
tugging at their parents clothing, arms or legs, or 
by the use of some form of vocalization, eg, whining 
or crying. Vocal output, at intake, varied from min- 
imal (subjects 4, 5, 9 and 11) to occasional (subjects 
1, 3 and €), to frequent (subjects 2, 7, 8 and 10). 
There were significant differences between subjects 
in the character of this vocal behavior, which 
ranged from minimal, nondifferentiated sounds, 
through more varied and consistent vocal play, to 
actual and deliberate first speech attempts by sub- 
jects 2 and 8. Some families used their own system 
of basic gesture language. The overall communica- 
tion competence of each of the families was inade- 
quate and inappropriate. Each experienced a high 
degree of frustration because of their inability to 
communicate with their hearing-impaired child. 


Sign Language Development — Receptive and 
Expressive. The development of receptive and ex- 


TABLE 3. SOCIOECONOMIC STATUS OF FAMILIES 


Level of education 


Mcther 
High school 3 
College 7 
Unknown l 
Level of education 
Father 
High school 2 
College 7 
Unknown 2 
Marital status 
First marriage 8 
Second marriage 2 
Single parent l 
Occupation 
Mother 
Homemaker 1] 
Occupation 
Father 
Blue collar l 
Skilled trades 4 
Executive/professional 5 
Unknown l 
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TABLE 4 HEARING STATUS OF SUBJECTS 


Frequency (Hz) 


Ear Subject Age (months) 250 500 1000 2000 4000 8000 


Right 1* 
2 36 85 
3t 
4 51 85 
5 58 85 
6t 
TY 
8 52 85 
9 56 NR 
10 36 
ll 52 60 
Left i 
2 36 
3t 
4 51 85 
5 58 90 
6t 
UT 
8 52 90 
9 56 NR 
10 36 
ll 52 75 


NR - No response. 


100 105 105 NR NR 
90 NR NR NR NR 
NR NR NR NR NR 
90 100 105 NR NR 
NR NR NR NR NR 
95 105 95 80 

75 95 75 50 80 
100 110 110 

105 NR NR NR NR 
NR NR NR NR NR 
90 95 105 100 NR 
NR NR NR NR NR 
100 110 NR NR 

85 100 75 65 55 


*Pure tone audiogram not available. Behavioral response in free field at >90 dB. 
tPure tone audiogram not available. Behavioral response in free field at 75-80 GB. 


pressive sign language is detailed in Tables 8 and 9. 
There was significant and orderly development of 
expressive and receptive sign language, closely 
paralleling the stages of spoken language develop- 
ment of normal-hearing children. 


Comprehension of a number of basic first signs, 
eg, eat, drink, bed, etc, was almost immediate. Ac- 
quisition of these signs resulted in prcmpt sub- 
sidence of what, in some families, was a cestructive 
feeling of impotence and frustration brovght about 
by the parents’ feeling of hopelessness in their in- 
ability to communicate with their hearing-impaired 
child. Within a few months, all subjects were un- 
derstanding simple directions and could respond to 
“yes/no,” “either/or,” and “where” questions, eg, 
“Do you want milk or juice?” and “Where are your 
shoes?” “Where” was the first wh- question word of 
the English language learned. “What.” “who,” 


TABLE 5. AWARENESS OF SOUND WITH HEARING AID 


Subject No. Awareness Level (dB) 


55 
45 
90 
85 
NR 
85 
80 
30 
75 
40 
35 


m— COOWAANDUWU SF WHY — 


— pat 


NR - No response. 


“when,” “why” and also “how” were acquired 
later. There was a minimum lag of 1 to 30 days be- 
tween the understanding of a first sign and its pro- 
duction. Thereafter, the children all moved rapidly 
from understanding to the expressive use of signs. 
All of the 11 infants started using signs in a com- 
municative mode within a month of entering the 
program (Table 10). 


Subjects 6, 8 and 9 produced their first sign as a 
meaningful communication within one week of ex- 
posure. The oldest, subject 4, who was 28 months at 
intake, mastered several signs receptively and ex- 
pressively during his first day of instruction. The 
youngest, subject 7, who was 14 months at intake, 
used his first sign at 15 months of age, only slightly 
later than the age a normal-hearing child produces 
a first word. 

The first communicative signs resembled the first 
words used by hearing children. These identified 
people, objects, and events important to the child’s 
life, such as favorite food and toys, highlights of the 
daily routine, and words to influence parents, peers, 
and siblings. The earliest signs produced by the 


TABLE 6. SUPPLEMENTAL INTERVENTION (SI) 


Age SI Months of SI 
Instituted Before Exit Type of 


Subject (mo) from Program Intervention 
4 39 2 Oral, motion and 
swallowing therapy 





8 31 6 Speech therapy 
10 29 2 Speech therapy 
1] 36 6 Speech therapy 
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TABLE 7. COMMUNICATIVE CHARACTERISTICS OF SUBJECTS AT ENTRANCE 


I 2 3 4 


Communicates with eet Fett ++++ +++ 


Subjects 
7 8 9 10 11 


bket phit etk tet FrEE EEPE Prot 


body or og ges- 


ture and/or facial 


expression 
Gains attention by ++ ete aes iai 
using voice or crying 
Gains attention by +++ +++ ++ mee 
tugging 
Vocalizes when playing + + +++ ++ + 
Makes speech attempts + + + o + 
Frustrated at needs not + + + ke pta p 


being met by parents 


++ +++ +++ ++ +++ ++ 
+ + +++ +++ 7 +++ +++ + 
++ +++ +++ + +++ + 
+ . ++ E + 
+++ -++ +++ ++ +++ ++++ ++++ 


+ - Almost never: + + - Occasionally; + + + - Frequently; + + + + - Almost aways. 


youngest signers (subject 7, 15 months; subject 5, 17 
months; and subject 10, 19 months) were infantile 
approximations of adult signs, just as the first words 
of hearing infants are approximations of adult 
speech. 


After learning their initial signs the subjects dis- 
played a number of behaviors commonly seen in 
normally hearing children who are first beginning 
to communicate in recognizable speech. These in- 
cluded visual-attending behavior, experimental 
finger and hand play, and both imitative echoic 
type signing and spontaneous jargon signing. These 
visual and signing behaviors of the hearing- 
impaired children correspond qualitatively to the 
auditory and oral behaviors of hearing children. 


Like hearing children, the hearing-impaired chil- 
dren’s first (signed) utterances were single signs that 
stood for an entire sentence. Depending upon the 
context in which it was used, a single sign would 
communicate a number of diverse meanings. The 
sign for “shoe” could mean “My shoe lace is untied 
again”, “My milk spilled on Daddy’s shoe”, or “Put 
on my shoes so I can go outside.” 


The sign “hurt” was a particularly functional sign 
for these children who had a limited signing vocab- 
ulary. Even the youngest signer quickly learned to 
position the “hurt” sign over the injured area to 
show which specific area needed parental attention: 
eg, “I hurt my knee.” This communicative behavior 
parallels the “one-word sentence” holophrastic 
stage that marks the beginning of expressive lan- 
guage in hearing children. 


The sequential development of signs paralleled 
that of speech (Tables 8-10). Both the signers and 
hearing children progressed from one-word sen- 
tences to the “telegraphic speech” stage of two- and 
three-word sentences.?°"?? Only subject 9 progressed 
beyond this stage and was signing age-appropriate 
standard English phrases and sentences when he 
finished the program at 37 months. 


“Shortcut” questions and negative forms often 
preceded the appearance of more standard two-sign 


phrases expressing question and negation. “Who” 
and “what” questions were first expressed by point- 
ing, accompanied by a questioning facial and body 
expression. “Where” was almost immediately used 
as a formal sign when it was introduced into the 
child's lexicon. Negative statements were observed 
very early. For example, one child made the sign for 
medizine and shook his head vehemently in the neg- 
ative fashion, conveying emphatically that he did 
not want his medicine. 


The two-sign phrases used by the subjects ex- 
pressed the same relationships recorded in the 
speech of hearing children, eg, “More milk” (recur- 
rence); “Daddy shoe” (possessive); “baby cry” 
(agent action).?' Negative constructions were also 
ident cal to the first negative phrases of hearing 
children, eg, “no eat,” “no bed,” ete. 


Assessment of finger-spelled items included in 
Table 9 show that 8 of the 11 subjects were able to 
finger-spell the entire alphabet imitatively or from 
a wall chart before they were 3 years old. Three of 
the subjects were beginning to finger-spell simple 
words or familiar names. They could also produce 
the hand formation corresponding to four or more 
printed letters of the alphabet. 


The comparison of the growth of vocabulary in 
speech and sign is found in Tables 10 and 11. All of 
the subjects except subject 8 learned more signs 
faster than spoken words. 


Speech Development and Verbal Behavior. Seven 
of the 11 children had a hearing aid at the time of 
intake. The remaining four acquired them within 
three months of entering the program (Table 1). 


At ntake seven of the subjects used their voice 
minimally, while the other four produced frequent 
vocalizations (Table 7). Most of the vocalizations 
were n the category of nondifferentiated sounds. 
Subject 2 and subject 8, who was unaided, produc- 
ed several differentiated sounds in apparent speech 
attempts before entering the program. 


All of the children (Tables 12 and 13) learned to 
understand and respond to the signed directions 
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TABLE 8. DEVELOEFMENT OF SIGNING SKILLS — RECEPTIVE 
Ee LL E 


Subject by Age in Months 


Skill 1 2 3 4 5 6 7 8 9 10- H Average 
Understands and responds to yes/no questions 23 31 17 29 17 25 18 20 21 20 23 22.2 


Understands 10 everyday basic signs 24 31 17 29 7 2 18 20 22 21 24 22.5 
Understands (and follows) simple requests 24 32 18 30 18 25 22 20 22 23 24 23.5 
Understands “where?” 25 3il 21 30 20 26 2 2 2 24 25 24.1 
Can “give me,” “show me” on request 25 32 28 38 24 28 24 21 22 26 29 27.0 
Understands “help me,” “do you need help?” 30 34 28 38 24 28 24 23 24 26 34 28.5 
Will point to familiar objects when signed 3 32 28 30 24 8 34 21 244 23 28 27.9 
Will point to 3-5 pictures in a book when 

signed 27 32 28 3 4 28 34 20 26 24 28 27.4 
Understands “same” 35 32 32 30 24 28 Æ 20 24 26 26 27.7 
Understands “open,” “close” 31 oe 21 30 18 27 29 20 24 27 29 25:5 
Understands “in,” “out” 25 32 2) 30 18 27 24 20 24 24 25 24.5 
Understands “on,” “off” 26 34 21 30 20 28 34 23 24 24 25 26.3 
Understands “put it back” 27 34 36 38 36 28 30 23 %4 23 22B 29.3 
Understands “clean-up time” 25 34 22 38 18 29 30 23 24 24 30 27.0 
Understands “under” 25 (48) 40 (40) 30 42 37.0° 
Understands “over” 35 (48) 40 (40) 30 42 39.2f 
Understands several animal signs 27 32 20 28 20 27 30 21l 23 23 28 25.4 
Recognizes name signs of family members 26 32 18 36 18 27 26 21 24 23 30 25.5 
Recognizes own name sign 31 32 35 40 35 30 34 24 26 31 36 32.2 
Understands “your turn — my turn” 31l 32 28 36 28 30 30 24 26 27 36 28.8 
Understands “finished! — next!” 3l 33 28 36 20 30 26 24 26 26 36 28.7 
Understands “where does this belong?” 40 (48) 38 (40) 28 PA 36.8** 
Understands “not now . . . later” 45 33 30 40 24 3] 34 24 24 26 36 31.5 
Understands toilet sign for bathroom needs 31 31 24 39 24 3l 30 24 24 26 28 28.4 
Understands at least two color signs 30 33 34 36 33 33 33 24 28 (33) 30 ei E l 
Appears to understand “who” 40 36 40 35 21 (38) 31 (43) 35.5łtł 
Understands and responds to “what's this?” 

“what’s that?” 35 35 (41) 39 (41) (41) 22 33 3l 34 35.2ttt 
Appears to understand “what happened?” 4] 36 33 27 38 35 
Understands and follows series of two 

related commands 31 34 32 40 32 34 34 21 24 26 36 31.3 
Appears to understand simple signed stories 36 (49) 36 (39) 21 (36) 36.2 
Can “read and understand” finger-spelling 

of simple words or familiar names 40 (53) 41 (53) 28 32 40 4] 
Understands “which one do you want?” 36 36 (48) 34 34 28 30 3l 31 34.2 
Understands “why” questions (48) (57) (56) 37 49.5 


TAverage = 36.8 without subjects 3 & 5. 
TTAverage = 33.8 without subjects 9 & 11. 
TT TAverage = 32.7 without subjects 3, 5, 7. 


( )Information obtained after the subject left the program. 
“Average = 34.3 without subjects 3 & 5. 
**Average = 33.3 without subjects 3 & 5. 
***Average = 31.4 without subject 10. 


given for speech training and speech stimulation. 
The child (subject 4) with the tracheotomy and cleft 
palate mouthed visible lip movements and would 
produce an occasional “ah” vowel and an “m” con- 
sonant when his airway permitted vocalization. 
The other ten children imitated an i icreasing 
number of speech sounds and single words. They 
learned how to combine sounds with signs in 
response to the frequently signed direct-on, “Use 
your voice — I want to hear you when you sign to 
me.” There was considerable variation in the dif- 
ficulty each child experienced in producing audible 
words. Four of the 11 children did so with less effort 
than the other 7. 


Subjects 4, 8, 10, and 11, whose development 
suggested they would be able to utilize this addi- 
tional help, were given speech and auditory train- 
ing by speech and hearing clinicians outside of the 
program (Table 6). These four children responded 
favorably to the additional intervention when they 
worked with signing speech clinicians. 


Ten of the 11 subjects used spontaneous verbali- 
zations on occasion when signing, and 3 could ver- 
balize two- or three-word utterances, in combina- 
tion with sign, when they left the program (Tables 
12 and 13). The only child who could not do this 
was subject 4, with the tracheotomy and cleft 
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TABLE 9. DEVELOPMENT OF SIGNING SKILLS — EXPRESSIVE 
Subjects by Age in Months 
First sign used 24 31 19 28 17 20 15 2 20 19 23 21.5 
Used 10-20 signs 27 32 24 29 19 2 223 2 2 2 23 24.6 
Signs “where?” 25 3l 28 30 34 30 26 20 22 30 29 27.7 
Signs “no” 25 24 2 23 D 6 23 2 19 29 24.1 
Signs “yes” 25 4] 41 35 283 2838 23 X7 2% 30.2 
Signs “up,” “down” 25 32 24 34 E8 28 27 20 23 22 25 25.3 
Signs “in,” “out” 29 33 3l 34 OD 32 3l 21 26 24 26 28.8 
Signs “open,” “close” 25 33 35 34 24 31 292 20 26 26 Zi 27.5 
Signs “on,” “off” 299 34 35 £34 Z7 3l 34 23 26 (34) 26 30.3* 
Can sign toilet needs 25 32 30 3 Sl 3l 34 23 26 24 26 29.1 
Uses 50 + signs 29 36 29 34 2 D 27 2 2 24 2% 27.9 
Uses “mine” (possession) 29 34 30 41 2 2 32 22 27 23 4] 30.1 
Uses “same” appropriately 31 32 35 383 32 P 29 23 26 3l 30 30.5 
Uses name signs of family members 29 32 28 36 Ss @ 28 22 28 QA 27 29.3 
Uses 75+ signs 29 30 35 #24 a 32 22 28 29 3 29.0 
First 2 sign phrases 28 34 29 36 3l e=! 28 21 24 31 28 29.5 
“I want” phrases 36 38 (46) 23 28 3l 35 33.9** 
Names at least two colors 35 33 35 36 33 5 33 23 29 30 32.2 
“Reads” books by signing picture contents 31 34 36 34 3% B 21 24 27 3 30.5 
Signs to self and toys in make-believe 

play activities 29 34 30 24 A 28 21 24 27 36 28.4 
Uses 100 + signs 32 32 39 28 A 34 23 28 3l 33 31.4 
First 3 sign phrases 28 30 36 32 33 (34) 22 28 (34) 35 31.4f 
Uses “what?,” “what's this” (48) 30 33 37.0 T 
Uses “who,” “who's that?” (48) 30 (45) 41.0 
Begins to communicate about past experiences 41 (51) 30 40.7 
Begins to describe feelings, eg, “scared,” 

“tired,” “angry” 36 36 4l 36 24 28 42 34.7 
Uses 200-300 signs 36 37 4l 36 35 27 338 42 35.9 
300 + signs 36 
Uses signs continuously to express wants 

and needs 29 29 34 24 3l 30 22 24 27 27.8 
Uses signs conversationally, to share 

experiences with others 36 36 41 3234 30 22 30 30 29 32.0 
Can sign 6 letters of manual alphabet 36 34 38 34 (36) 23 30 36 33.4°** 
Can sign entire manual alphabet from wall 

chart 38 36 40 36 (38) 24 32 42 s T. eae 
Can sign 4 or more letters of alphabet in 

correct correspondence with printed symbol (48) 41 (40) 24 40 38.6ttt 
Can finger-spell simple words or names 40 41 (50) 29 (36) 42 39.7tttt 


( )Information obtained after the subject left program. 
*Average = 29.0 without subject 10. 
** Average = 31.8 without subject 5. 
*** Average = 33.0 without subject 7. 
****Average = 35.4 without subject 7. 


palate. Two of the children (subjects 2 and 8) made 
occasional speech attempts without sign. Follow-up 
studies on these children at 5 years of age show that 
they use speech alone when attempting to commun- 
icate with individuals who do not sign. 


All except subject 8 acquired new sign words 
more quickly than new speech words. Except for 
subject 8, all children had larger active signing 
vocabularies than speech vocabularies at exit 
(Tables 10 and 11). 


The intelligibility of the children’s speech gen- 
erally was poor. The most intelligible words were 
the simplest, such as “mama,” “bye-bye,” etc. Signs 
were necessary with almost all speech efforts to 
clarify the meaning of the speech utterance. The 


tAverage = 30.8 without subjects 7, 10. 
ttAverage = 31.5 without subject 1. 
tttAverage = 35 without subjects 1, 5. 
ttttAverage = 38 without subjects 5, 8. 


variability of children’s acquisition of speech is 
noted in Table 11. All of the subjects showed an in- 
crease in oral behavior and speech attempts as their 
signing proficiency increased. 


Follow-up information was obtained for 9 of the 
11 children. Of those nine, eight were using speech, 
while speech development was slow in one. Eight of 
the nine were attending preschool for hearing- 
impaired children, and one attended a regular kin- 
dergarten with a resource program. 


DISCUSSION 


This study provides information about the speech 
development, auditory training, language acquisi- 
tion, and communication competence of young deaf 
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TABLE 10. DEVELOPMENT OF EXPRESSIVE SIGN LANGUAGE 
Age Age 






First Sign 10-20 Signs 50+ Signs 7&+ Signs 
Subject A No. A No. A No. A No. 
] 24 (l) 27 (4) 28 (5) 29 (6) 
2 3l (l) 32 (2) 36 (6) 

3 17 (l) 24 (8) 29 (13) 30 (14) 

4 28 (0) 29 (l) 34 (6) 35 (7) 

5 17 (1) 19 (3) 21 (5) 24 (8) 

6 20 (0) 24 (4) 28 (8) 30 (10) 

7 15 (l) 23 (9) 27 (13) 32 (18) 

8 20 (0) 21 (l) 22 (2) 22 {9 

9 20 (0) 2a (2) 26 (6) 28 (8) 

10 19 (l) 22 (4) 26 (8) 29 (11) 

1] 23 (l) 25 (3) 29 (7) 30 (8) 
Average (0.6) (3.7) (1:2) (9.2) 


A - Age in months; No. - Number of months in program. 


children in a total communication environment. It 
also highlights psychological, social, and educa- 
tional consequences of this approach. 


Acquisition of Speech with Sign. The da-a do not 
support the null hypothesis that the use of sign lan- 
guage inhibits the development of speech. The data 
clearly show that all of the children with an intact 
speech tract acquired speech vocabularies and made 
oral attempts while signing. The findings in this 
study are consistent with those of Meadow and 
Schlesinger,*' who recorded similar findings in 
four children. The children in the present study all 
increased their verbal behavior as their signing skills 
increased. More speech attempts were made in con- 
junction with signs than without signs, siggesting 
that sign language makes speech production more 
relevant. 


Intelligibility. The lack of the intelligibi ity of the 
speech of significantly hearing-impaired children 
and adults, especially the congenitally deaf, is well 
documented.':'8:?3-24 Conrad! reports that in 
England only 10% of profoundly deaf 15- to 16- 
year-old teenagers who had received at least ten 
years of strictly oral training spoke well enough to 
be understood by strangers. This communication 
barrier did not exist for the children in this study 
since all their speech efforts, no matter how imper- 
fect or distorted, acquired immediate meaning be- 
cause they were associated with the corresponding 
sign. 


Intelligibility, the ability to associate a ver- 
balization with its sign so as to communicate unam- 
biguously, begins with the earliest attempts at lan- 
guage. The first word of the oral deaf toddler, 
“buh,” will have a variety of meanings which are 
important to the child. Thus “buh” coulc mean, in 
different contexts, “bottle,” “ball,” “balloon,” 
“boat,” “bubble,” ete. The parent will have diffi- 
culty determining which of these words the child is 
conveying when he says “buh.” The TC family es- 



















Began Left 
100+ Signs 200+ Signs 300+ Signs Signs Program Program 
A No. A No. A No. At Exit Months) (Months 


























(7) 36 (13) 200 + 23 4] 
65 + 30 36 
(16) 37 (21) 200 + 16 37 
(8) 40 (12) 200 28 4] 
(12) 36 (20) 200 + 16 7 
(12) 35 (15) 200 20 35 
(20) 100 + 14 34 
(3) 27 (7 33 (13) 300 + 20 37 
(8) 33 (13) 200 + 20 33 
(13) 100 18 31 
(11) 42 (20) 200 + 29 42 
(11) (15) (13) 


capes the frustration of degraded intelligibility and 
its barrier to understanding since the child will also 
produce a sign which clarifies the meaning of the 
speech word. There will be no ambiguity about the 
meaning of “buh” with the sign for “bath” as op- 
posed to the combination of “buh” with the sign for 
“bottle.” 


Comparison of Rate, Complexity and Extent of 
Acquisition of Verbal and Sign Language. All of the 
children, except subject 8, acquired new signs faster 
and with greater ease than new verbal words. This 
was an expected finding in view of the known diffi- 
culties hearing-impaired children experience in ac- 
quiring speech.*> The complexity and extent of the 
children’s active sign vocabulary was greater than 
that of their oral vocabulary, with the one excep- 
tion. Ten of the 11 children would be considered 
substantially delayed in language development if 
only their oral language was measured. However, 
when their total language skills, including sign, are 
measured, they are all found to approach age level 
for expressive and receptive language. This infor- 
mation supports the concept that language is not 
dependent upon the mode of reception or expres- 
sion. Furthermore, there may be a “critical” period 
for the establishment of language.?*-?8 The children 
in this study acquired language during this critical 
period and should be able to build upon this lan- 
guage base as they grow. Children who are de- 
prived of a language base during the critical period 
may be significantly impaired in their ability to ac- 
quire normal linguistic skills and thus become func- 
tionally retarded. 


The manual signs provided the children with an 
adequate channel for communication without hav- 
ing to wait for speech to have developed to the point 
of giving them a functional verbal vocabulary. These 
early manual signs laid the foundation of language 
and enabled the children to acquire more extensive, 
complex, and varied lexicons than that of deaf oral. 
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TABLE 11. DEVELOPMENT OF EXPRESSIVE SPEECH 





First Word 1-5 Words 5-10 Words 
A No. A No. A No. 
l 25 (2) 26 (3) 27 (4) 
D 25 30 (0) 32 
3 30 (14) 33 (17) 35 (19) 
4t 
5 i (1) 18 (2) 20 (4) 
6 31 (11) 32 (12) 35 (15) 
7 23 (9) 33 (19) 
8* 17 18 19 
9 28 (18) 33 (13) 
10 25 (7) 26 (8) 28 (10) 
ll 25 (3) 28 (6) 29 (7 


A - Age in months; No. - Number of months in program. 
*Had first words before entering program. 
tHad cleft palate and tracheotomy; could not produce speech. 


ly trained children of a comparable age.?5:2°:3° 

Subject 8 developed differently from the rest of 
the group: he had the more extensive sign and speech 
vocabulary of all of the children and his speech and 
sign developed at the same rate. Yet his speech was 
often unintelligible, requiring him to use sign to 
convey his meaning clearly. He also used his knowl- 
edge of sign to understand and respond to his com- 
municative environment. This child’s hearing loss 
was no less than that of many of the other children 
in the group. The biological or psychological rea- 
sons for his rapid linguistic development is not 
known, except that his parents, both hearing, be- 
came very good signers and provided an enriched 
linguistic environment. This boy has progressed to 
the point where he is now partially mainstreamed 
in an oral classroom with a sign language inter- 
preter. 


Distinction Between Speech and Language De- 
velopment. A clear distinction must be made Þe- 
tween speech and language acquisition when one 
considers the communication handicap of deafness. 
When a deaf child is taught how to speak or lipread 
a particular word, this does not guarantee that the 
child knows language or the meaning of the word. 
Language ability is the child’s ability to understand 
and communicate ideas, needs, and feelings. Chil- 
dren learn language by using it freely, first with 
parents, then with peers, and with other adults. A 
deaf child who cannot hear or understand can- 
nected speech has a minimal opportunity to learn 
language if his/her exposure to language is limited 
to oral communication. 


A young TC child can develop and expand beth 
language competence and communication skills 
through constant and meaningful usage of the lan- 
guage of signs, thereby reaching closer to normal 
levels of linguistic and communicative functioning. 


Language Acquisition and Communication Com- 


No. Ki Age Began Age Left 
10-20 Wosds 20-25 Words Wor Program Program 
; A No. At Exit Months) (Months 
36 (13) 41 (18) 23 23 4] 
36 16 30 36 
7 16 37 
0 28 4] 
33 (17) 37 420) 25 16 37 
6 20 35 
5 14 34 
20 21 (1) 300 + 20 37 
4 20 33 
31 (13) 13 18 31 
30 (3) 32 (10) 66 22 42 


petence: Comparison of Young TC and Young Oral 
Child. There is no substantive data base concerning 
the anguage acquisition and communication com- 
petence of young deaf children who have been ex- 
posed to an exclusively oral program. The only 
available information is its outcome in older school- 
children. These data uniformly demonstrate that 
almost all orally trained children have substantial 
language and communication retardation in recep- 
tive and expressive abilities for both speech and 
reacing.® 

One area in which the TC children in our study 
had a clear advantage over orally trained children 
was in their knowledge and use of question and an- 


TABLE 12. COMMUNICATION COMPETENCE OF 
SUBJECTS AT EXIT 


Yes No 

Two-word sentence H 0 
Three-word sentence 7 4 
Mosty holophrastic 9 2 
Mosty phrases and sentences 2 9 
Imitetes oral speech with signs spontaneously ri 4 
Initiates oral speech on commands 9 2 
Initiates oral speech spontaneously without sign 6 5 
Communicative competence in family sufficient 

for normal activities ll 0 
Conversational language 7 4 
Conversational language age - appropriate 

for hearing child ] 10 
Concept of “where” receptive 1] 0 
Spontaneous and appropriate use of “where” 10 
Can “inger-spell manual alphabet from wall chart 8 3 
Can <inger-spell more than 4 letters in correct 

correspondence to 2 printed symbols 3 8 
Beginning to finger-spell single words and 

amiliar names 4 7 
Using “my.” “mine” appropriately 10 
Has concept of “same/different” and uses “same” 

sign appropriately 1] 0 
Answers “what's this?”, ““who’s this?” question 9 2 
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TABLE 13. COMMUNICATION CHARACTERISTICS OF SUBJECTS AT EXIT 


Almost Almost 


Never Never Occasionally Frequently Always 


Verbal response or verbalization for speech tasks at imitation or on 


command 
Single words elicited 
Two-word utterance elicited 
Three or more words and/or phrases elicited 
Spontaneous vocalization while signing 
Initiates deliberate speech attempts while signing single words 
Initiates while signing two-word utterances 
Initiates while signing three words or more and/or phrases 
Deliberate speech attempts without sign 
Intelligible without sign 
Intelligible with sign 
Signs without vocalizing 
Vocalizes while signing 
Signs with meaningful speech or speech attempts 
Uses spontaneous speech or speech attempts without sizning 


Frustration at needs not being met by parents 


swer forms. Quigley et al?’ showed that this was an 
area of serious linguistic deficit in older dea? chil- 
dren in that many of them were neither able to ask 
nor to answer questions appropriately. 


All of the children in this study were able to pro- 
cess and respond to a variety of question and answer 
forms. This suggests that TC may make a significant 
difference in early language and communication 
competence. The TC children in this stucy were 
able to communicate at an age-appropriate level in 
the sense that their parents could fulfill their nor- 
mal child-rearing roles. There was social ccmmun- 
ication and communication concerning environ- 
mental events and the daily routine of family life. 
The children were able to make themselves under- 
stood and to understand language close to their age 
level. This is not the case of older orally trained 
children or those exposed to TC only by schocl age. 
One would expect that children exposed to TC from 
infancy or toddler age will continue to deve op lan- 
guage at a more nearly normal rate and that the 
final outcome will be a person with more function- 
ally appropriate communication skills to interact in 
society. 


The enjoyment and relative ease with whieh the 
children in this study acquired receptive and expres- 
sive language stands in stark contrast to the frustra- 
tions and difficulties of young children attempting 
to communicate in the oral mode.” Total com mun- 
ication families used a wide range of channels for 
satisfactory interpersonal communications which, 
in our experience, few strictly oral families ecrieve. 
Effective communication with teachers and peers 
was also facilitated. 


In the oral deaf child, communication is limited 
to the child’s ability to understand and procuce in- 
telligible speech. His communicative capaaty is 


0 l 2 4 4 
0 l 5 2 3 
0 7 2 0 2 
0 9 0 l l 
0 l 3 2 5 
0 l 6 2 2 
0 8 l l l 
0 9 l 0 l 
0 8 3 0 0 
l 8 2 0 0 
0 0 0) 0 1] 
0 5 2 3 l 
0 2 2 2 5 
0 l 6 2 2 
0 8 3 0 0 
0 l 10 0 0 


much more restricted than that of the TC child 
whose skills approach those of the hearing child 
both quantitatively and qualitatively. The TC 
child’s ability to use both speech and sign greatly 
enhances his/her intelligibility. Previous data’ 
show that the orally trained deaf child has little or 
no verbal capacity at age 5 or 6. The children in this 
study, at 3 years of age, were communicating with 
greater ease, flexibility, and diversity than many 
older oral deaf children. Language development 
appears to depend on the acquisition of certain 
basic communicative skills in early life. The TC 
children’s acquisition of this basic substrate affords 
them the opportunity for language growth. The 
oral children’s markedly retarded language may be 
attributed to the lack of this basic language sub- 
strate. Quigley et al*' predicted that the use of TC 
during the early stages of language development 
would foster better language skills in deaf children. 
Our observations support this prediction. 


Implications of Parent-Infant TC for Speech De- 
velopment, Speechreading Skills and Utilization of 
Residual Hearing. Signs ensured that each newly 
developed speech sound would be incorporated into 
a meaningful communicative act. For example, 
“m” used with the sign for “milk,” “mom,” etc, was 
reinforced in a meaningful manner, rather than be- 
ing taught through meaningless repetition of a 
speech drill. Sign language enabled the speech ther- 
apist, the teacher, and the parent to give clearly 
understood directions for speech training tasks, 
speech games, and speech situation activities. It also 
enabled the instructor to develop more effective 
speech skills, using signs to tell the child to use 
his/her voice, make a loud sound, make two short 
sounds, ete. The child was not dependent on his/her 
mastery of the meaning of oral words to acquire 
specific speech skills since the meaning of the word 
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TABLE 14. TOTAL COMMUNICATION COMPETENCE OF 
PARENTS AT EXIT FROM PROGRAM 


Beginner Fair Good Excellent 


Mothers l 2 6 2 
Fathers 5 l 3 l 
Total 6 3 9 3 


could be conveyed through its sign. The use of sign 
also improved the efficacy of lipreading. Signs fos- 
tered the use of residual hearing by giving meaning 
to the auditory component of the spoken communi- 
cation. Both parent and teacher were more effective 
in reinforcing the traditional auditory training pro- 
cedures by bringing environmental sounds to the 
child’s attention, helping him/her to localize them 
and explaining their source, their significance, and 
other attributes. Signs were an efficient means of 
informing the child of the auditory environment; in 
fact they were the tools with which the child could 
come to understand his/her world. 


Effect on Parents. Early intervention programs 
for deaf infants place special demands on parents. 
Parents are expected to participate in many aspeets 
of their infant’s remediation and to become know- 
ledgeable about deafness and its implications.’ 
They are also expected to support and enhance the 
optimum development of their child by becoming 
skilled in home reinforcement of therapies and in 
training procedures. A TC program commits the 
parents to learn sign language and to create an ef- 
fective home environment for total communication. 
Parents need ongoing counseling and sustained edu- 
cational services to allow them to become effective 
in the program. Experience from this study indi- 
cates that the sign language program for the parent 
should emphasize the signs needed for day-to-day 
living. 


There needs to be an appreciation of the parents’ 
overwhelming feeling of loss when they first realize 
that their child is deaf. Continued involvement of 
the parents, from the start of habilitation, allows 
them to begin to function in such a way as to hdp 
their child to overcome his/her handicap. Their 
ability to communicate with their child enables 
them to fulfill their natural need to parent. When 
parents are limited to the oral mode of communica- 
tion there will be much that they cannot convey to 
their child; this results in deep feelings of frustxa- 
tion, anger, and despair within the family. How 
can a parent communicate the concepts of good and 
bad, religious beliefs and cultural values, or even 
tell a story or make a joke with the extremely lim- 
ited avenue of oral communication? Signs allow the 
parents to communicate all of the above and mare 
to the child and ensure a much more normal child- 
parent relationship. 


Table 14 shows the parents’ variable fluency in 
use of sign. All of the parents did advance to at least 
the level of an advanced beginner. Mothers were us- 


ually more proficient than fathers; this was prob- 
ably due to mothers’ more consistent use of signs. 
Even in those families in which TC skills were mini- 
mal, sigms provided a pleasurable mode of com- 
munication between child and parent. Most impor- 
tantly, al of the families established communica- 
tive competence. It was our feeling that their level 
of competence was greater than that of families 
limited te oral communication alone. 


Despite the difference in communication com- 
petence among families, all had, at the time of exit 
from the program, adequate and appropriate basic 
communication skills for their day-to-day needs. 


CRITIQUE 


Tne original purpose of the diaries used in this 
repcrt was to provide the parent-infant teacher 
witt ongoing information so that she could assess 
progress in parent-infant communication and so 
that she could set new goals and/or make changes in 
the individual educational plan. All the diaries 
represent a sample in time of the progress of each 
child; they document the child’s and the parents’ 
progress ever time. 


Quantification of the growth in the vocabulary 
for the first 100 signs and the first 100 verbal utter- 
ances was precise. Once the child had more than 
100 items in his vocabulary, counts became less ac- 
curate. The parents found it difficult to keep track 
of new signs. Data on all lexical items above 100 are 
only approximations and probably represent mini- 
mal estimates. It would have been ideal to have au- 
diovisual documentation of each child’s progress. 
This avenue of data collection should be explored in 
the future. 


The number of subjects is small but they do rep- 
resent the total population of this program. This 
sample appears to be representative of the total 
population of congenitally hearing-impaired chil- 
dren in terms of etiology and the extent of their 
hearing loss. Therefore, the observations made 
from these children can probably be generalized to 
othe- hearing-impaired infants without significant 
menzal retardation or other neurological deficits. 
Multiply handicapped deaf children may even ben- 
efit more from a TC program than “normal” deaf 
chilcren because of their curtailed ability to process 
information. 


CONCLUSIONS 


Tetal communication (the use of manual signs 
with oral aural language) does not inhibit the de- 
velopment of speech. There is evidence suggesting 
that it faeilitates the development of speech. Total 
communication provides a channel for early com- 
munication between the hearing-impaired child 
and his/her family. In addition, total communica- 
tion fosters the development of linguistic skills that 
begin to approach those of hearing children. 
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Tissue impedance was measured in the cochleas of monkeys and guinea pigs implanted with electrode arrays. The impedances were 
measured within the scala tympani and between the scala tympani and the internal auditory meatus of the modiolus. The measurements 
revealed several impedance properties. 1) The impedances inside and outside of the scala tympani are resistive for frequencies between 8 
Hz and 12.5 kHz. 2) The impedances measured between the seala tympani and the internal auditory meatus were larger in magnitude than 
the impedances measured in the scala tympani. 3) Impedance was not affected significantly by changing stimulus current flow from 0.45 to 
45 pA rms. 4) Impedance magnitude increased rapidly by different factors inside and outside the scala tympani after sacrifice of the subject 


animals. Measurements of the tissue impedance made in conjunction wi 


th measurements of threshold of response to electrical stimulation 


revealed that the threshold of response to electrical stimuli was lowest when the stimulating currents were highest outside the scala tym- 
pani. We conclude that the excitable elements of the auditory nerve are being stimulated within the modiolus rather than within the scala 


tympani. 


INTRODUCTION 


An optimal cochlear implant would provide the 
maximum transfer of information to the patient for 
the minimum expenditure of energy. The former 
criterion requires that suprathreshold electrical 
stimuli be delivered to the appropriate nerve cells 
for a given effect; stimulation of too many, or too 
few, or inappropriate cells may distort the auditory 
information underlying the process and make inter- 
pretation difficult for the patient. The latter criter- 
ion allows a maximum dynamic range within the 
limits imposed by considerations of safety and pro- 
longs the life of both the electrodes and the energy 
source that powers the implant. To meet these eri- 
teria, one must know the locations of the surviving 
neural elements within the patient’s ear, and under- 
stand the best way to apply suprathreshold stimuli 
to those elements. 


The interaction of electrical energy with im- 
planted tissues has been under investigation for 
decades. In large peripheral nerves, stimuli can be 
minimized when electric currents parallel the axes 
of nerves, when electrodes are separated by at least 
1-2 mm, and when electrical currents are appliec at 
frequencies below 100-200 Hz.' Similar effects have 
been demonstrated with respect to the relation be- 
tween electrodes and nerve fibers in tissues of the 
central nervous system.?* The frequency depen- 
dence of thresholds of stimulation in the nervous 
system also has been studied over the last several 
decades.*’° 


The behavioral thresholds of electrical stimula- 
tion in the inner ear are less at low frequencies than 
at higher frequencies, and dynamic ranges are greater 


at lower than at higher frequencies.’* It is necessary 
to know whether the similarities between the excit- 
able tissues of the inner ear and other excitable tis- 
sues are due to properties of the cells or to redirec- 
tion of stimulating currents through the tissues 
surrounding them. This understanding is particu- 
larly important if stimulus frequency is to be used as 
part of the code delivered to patients via cochlear 
implants. 


The vocoder model of the cochlear prosthesis 
assumes it is possible to convey frequency informa- 
tion to patients by stimulating particular electrodes 
within an array, and thus exciting nerves that are 
associated with particular regions of the basilar 
membrane.*"'? It is not yet clear whether a cochlear 
prosthesis can be built successfully on this vocoder 
model. A basic concern is whether the patient re- 
tains sufficient fibers to allow multichannel stimu- 
lation and whether stimulus current can be directed 
to independent sets of cells within a given ear. 


To help determine the basis of stimulation of cells 
of the inner ear, we embarked on a series of studies 
in two directions. The first was to determine the 
threshold of stimulation of evoked responses as a 
function of stimulus frequency and electrode posi- 
tion:'* the second was to determine the paths taken 
by stimulus currents applied to the prosthesis, as 
functions of the stimulus frequency and electrode 
placement. The investigation reported here is an ex- 
tension of previous studies of the latter kind.'*'° In 
those studies, we investigated current flow with the 
existing electrodes of the implanted array and in- 
cluded the electrode impedance in the measure of 
current flow. In the present study we used a 4-ter- 
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Fig. 1. Schematic diagram of implanted ear. Six electrodes 
are shown as filled circles. For one of the three stimulus ar- 
rangements, stimulus is applied between basal and apical 
electrodes in scala tympani. Voltages are measured be- 
tween two additional electrodes in scala tympani (Vpq), as 
well as from basal sensing electrode to external sensing 
electrode (Vpe) and from apical to external sensing elec- 
trodes (Vae). External stimulating electrode is not used in 
this measurement. Applied current (lap) is split into scalar 
(Is) and external (Íe components. These currents are 
determined by scalar (Zst), apical-external (Za) and basal- 
external (Z) impedances. 


minal technique with independent stimulation and 
voltage measurement electrodes to estimate tissue 
impedance, thus eliminating the electrode impe- 
dance from the measurements. 


METHODS 


Measurements were made on 12 healthy guinea pigs and one 
healthy rhesus macaque (Macaca mulatta). The guinea pigs were 
selected specifically for this study. The monkey was also used in a 
series of psychophysical experiments, the results of whieh are re- 
ported elsewhere.’ 


The guinea pigs were anesthetized with ketamine hydrochlor- 
ide (100 mg/kg, supplemented as necessary during the experi- 
ment). The implant was placed in the scala tympani" and held in 
place with dental acrylic. The animals’ heads were stabilized with 
stainless steel screws fixed to their skulls and with dental acrylic 
and small screws threaded into the bones. Surgical procedures for 
the monkey are described elsewhere.* 


The implants were modified slightly from our previous design.® 
They originally had two pairs of closely spaced electrodes (0.2-0.5 
mm) that were separated by 1.5-2 mm on a substrate of Silastic 
rubber (Dow Corning, Midland, Mich). The electrodes were 
made of platinum-iridium (90-10% ) 25-um-diameter wire flamed 
to a 200-um-diameter ball. The electrode carrier was cu-ved to fit 
within the scala tympani, but was not molded to fit snugly in the 
scala.'* In addition to the scalar electrodes, external electrodes 
were placed in the internal auditory meatus in the guinea pig and 
in the mastoid cortex in the monkey. Both external electrodes had 
the same dimensions as the scalar electrodes. The external elec- 
trodes were placed near each other (within 0.2-0.5 mm). 


Measurements were made of the magnitude and phase angle of 
the voltage elicited within the tissues of the inner ear when a con- 
stant current stimulus was applied via the implant electrodes. 
Currents were applied at three pairs of electrodes: the two most 
widely spaced electrodes in the scala tympani array, the most 
basal electrode in the array paired with the external stmulating 
electrode, and the most apical electrode in the array paired with 
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Fig. 2. Magnitudes of average impedances of apical (A), 
basal (B), and scala tympani (S) paths of four guinea pigs 
for frequencies of 63-2,000 Hz. Apical path is path bien 
by current that flows between most apical electrode and 
internal auditory meatus; basal path is path taken by cur- 
rent that flows between most basal electrode and internal 
auditory meatus; scala tympani current is sum of basal and 
apical currents. Same impedances are shown for a single 
animal (A,B,S). 


the external stimulating electrode. Voltage measurements were 
made between each pair of the three monitoring electrodes that 
were placed in the inner ear (Fig. 1). Two of those electrodes 
were in the scala tympani array and one was implanted within 
0.5 mm of the external electrode. For each applied stimulus cur- 
rent, three voltage measurements were made. The magnitude of 
the applied current varied from 1 to 32 pA rms, while frequency 
varied from 63 to 2,000 Hz. Current was taken as the reference 
for the phase shift measurements. The voltage measurements 
were made with a differential amplifier (AD 521, Analog De- 
vices, Norwood, Mass) and averaged with a minicomputer 
(MED-80, Nicolet Instrument Corp, Madison, Wisc). Twenty- 
five cycles were averaged in each case. The reference current sig- 
nal and the measured voltage signal were analyzed for magnitude 
and phase on the minicomputer and saved for later analysis. 


The resulting data formed three-by-three complex voltage ma- 
trices, which were analyzed as previously described. '5 Briefly, it is 
necessary to solve the complex matrix equation [I]=[V x Y], 
where [I] is the vector of applied current, [V) is the complex 
voltage matrix, and [Y] is the complex admittance vector. In a 
totally deterministic system, three applications of current and 
three measurements of voltage would be sufficient to determine 
the admittances and thus to determine the current flow within the 
ear for a given stimulus pair. As this system is noisy, more mea- 
sures and analyses are necessary. The system is reciprocal, ie, in- 
dependent of the direction of current flow (the cofactors of the 
matrix are symmetrical with respect to the principal diagonal) 
but it contains noise. The data were reduced by averaging the re- 
ciprocal terms and requiring that each equation fit Kirchoff’s Vol- 
tage Law. The modified voltage matrix was inverted, the equa- 
tion solved for admittances, and the currents were calculated. 
The admittance magnitudes were inverted and phases negated to 
obtain complex impedance values. 


For 6 of the 12 guinea pigs, the stimuli were broadband 
(8-12,500 Hz) white noise waveforms generated by the computer 
as signals for the current generator. The voltage responses were 
averaged, and complex spectra were obtained for the stimulus 
current and the response voltage. Impedances were calculated 
over the full frequency range. 


In two guinea pigs, impedance was measured with a white 
noise current just before sacrifice, for two hours immediately 
following sacrifice (in five-minute intervals) and at 16 hours after 
sacrifice. The purpose of these measurements was to determine 
whether cochlear current paths are changed postmortem and thus 
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Fig. 3. Ratio of external current (Ies) to ap lied current 
(lapp) when current is apne to two scalar electrodes (Ie). 
and ratio of thresholds (I;¢/I;;) to elicit brachial evoked re- 

nse when current is applied scalarly or between scalar 
electrode and external electrode (I,). Ratios are plotted as 
senan of frequency (63-2,000 Hz) for guinea pigs 14 and 


whether these measurements could be made in the temperal 
bones of human or nonhuman primate cadavers. 


RESULTS 


Measurements made within the basal turn of the 
cochleas of four of the guinea pigs are shown in 
Figure 2, along with measurements made in a single 
animal for comparison. The impedance is larger in 
magnitude for the paths from both the basal and 
apical electrodes to the internal auditory meatus 
than it is within the scala tympani. The impedance 
had a negative phase angle, which indicates a capa- 
citive component in the tissues. The phase angle 
never exceeded 20°. The magnitude of the impe- 
dance remained within 3 dB of its low-frequency 
value throughout the range for frequencies mea- 
sured (63-2,000 Hz). The impedances in the ear of 
the monkey were similar to those in the guinea pigs, 
except that the measured magnitudes were less by 
20%. 


The measurements of current flow within the im- 
planted ear show that the shunting effect of the 
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fluid in the scala tympani has marked influence. 
When a constant current is applied to the electrodes 
of the scala tympani, approximately 75% flows 
through the scala and 25% flows outside of it. The 
relation is not changed significantly as frequency is 
varied from 63 to 2,000 Hz. If, on the other hand, 
current is applied to one of the scalar electrodes and 
to the external electrode, all of the applied current 
must flow through external pathways. The circuit 
model in Figure 1 shows that when stimulus current 
is applied to either the basal or the apical electrode 
and the external electrode, all of the applied current 
flows externally. The amount of current flow through 
the scala tympani and the unstimulated path is 25 % 
when current is applied to the basal and external 
electrodes, while 40% of the current flows through 
the scala tympani when current is applied to the 
apical and external electrodes. The amount of cur- 
rent flowing through the scalar path is not signifi- 
cantly affected by changing frequency. 


When the data acquired by measuring current 
flow in the ear are compared with those acquired by 
measuring the neural evoked responses to electrical 
stimulation (Fig. 3),'* the crucial parameter for 
threshold neural stimulation was the current that 
flowed outside the scala tympani. When the ani- 
mals were stimulated with currents applied basal- 
externally or apical-externally, the thresholds were 
similar (usually within 1 dB in both cases). When 
current was applied scalarly, the thresholds mea- 
sured were 9 dB greater than in either of the other 
two cases. The difference in threshold does not 


change markedly over a frequency ranging from 
500 to 16,000 Hz." 


In the monkey, the electrodes were arrayed so 
there were two pairs spaced 4 mm apart in the 
scala. The electrode pairs were two platinum- 
iridium electrodes, each 4 mm apart. The behav- 
ioral detection threshold at 1 kHz was 10-15 dB 
greater for stimulation of either closely spaced pair 
of electrodes than it was for the widely spaced pairs 
(either the inner pair or the outer pair). The mea- 


Fig. 4. Magnitude, |Zpp|, and phase p», of basal impedance as function of frequency from 


8-12.500 Hz for a white noise stimulus. 
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Fig. 5. Ratio of magnitude of impedance measured at var- 
ious applied currents to magnitude measured at minimum 
current (—70 dB re 1.41 mA rms). Stimulus was broad- 
band white noise from 8-12,500 Hz. 


sured magnitude of the tissue impedance of the path 
terminated by two electrodes 4 mm apar- in the 
scala tympani was 2,170 Q, while the paths from the 
scala to the external electrode have magnitudes of 
2,540 and 2,990 Q for the basal and scalar elec- 
trodes. 


A typical set of impedances obtained in the noise 
studies is shown in Figure 4. The magnitude of the 
impedance varies less than 10% over the entire fre- 
quency range and the phase lag has a maximum val- 
ue of 6°. The results obtained with sinusoids at dis- 
crete frequencies agree with those shown for the 
white noise current, indicating that the system is, to 
a first approximation, resistive in nature. It -s there- 
fore reasonable to employ the magnitude of the im- 
pedance, independent of its phase, for the other 
measures shown here. 


In three guinea pigs, we measured the variation 
in the magnitude of the tissue impedance as a func- 
tion of applied current. The results are summarized 
in Figure 5. Current was varied from 0.45 to 45 pA 
rms. In no case did the magnitude of impedance 
vary more than 10% as current was varied, and im- 
pedance varied by less than 2% over all 75 measure- 
ments. The ratio of impedance at test currents to 
that measured at 0.45 pA is shown in Figure 5. 


The results of the tests made just before and after 
sacrifice are shown in Figure 6. The magnitude of 
impedance is expressed as a ratio of the magnitude 
measured postmortem to that measured immediate- 
ly before sacrifice. The impedances increas2d with 
the most rapid rate of change occurring during the 
30 minutes following sacrifice. The increase was 
most pronounced in the tissue of the scala tympani 
and least pronounced in the tissue between the 
apical electrode and the external electrode in the in- 
ternal auditory meatus. 


CONCLUSIONS 


In previous studies of the electrical properties of 
the inner ear, we measured impedance witk a two- 
electrode technique. That technique is misleading, 
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Fig. 6. Ratio of impedance measured postmortem to that 
measured just before sacrifice. Impedance ratio is shown as 
function of time postmortem. 


since it requires one to measure the sum of the elec- 
trode impedance and the tissue impedance. The 
electrode impedance contributed significantly to 
the magnitude of the impedance and to the frequen- 
cy-dependent effects that were measured, and it led 
to erroneous conclusions with respect to the current 
paths in which the greatest current flowed (we con- 
cluded previously that the primary paths of current 
were outside of the scala tympani). However, the 
present results and the companion neural observa- 
tions'* support the previous conclusion that the 
location at which cells are excited is outside the 
scala tympani, despite the shunting effects of the 
scala tympani. 


Our current results are consistent with earlier 
results in other laboratories. Like Ranck,? we ob- 
tained, in a volume of neurons, tissue impedances 
with magnitudes between 1 and 10 kQ and negative 
phase angles of less than 20°. Like Strelioff'? and 
Black and Clark, we found that the impedance 
measured more apically is greater than that mea- 
sured basally. The technique described here is use- 
ful in investigations of the characteristics of the im- 
planted ear because it not only leads us to descrip- 
tions of the location of excitable elements, but it 
also has shown us anomalies in the implant. In the 
case of one animal (guinea pig 15), we found that 
the voltage matrix was not reciprocal. That result 
suggests either that there were sources of voltage in 
the implanted ear that led to voltage levels on the 
order of 30 mV, or that there was something wrong 
with the electrode array. Calculation showed that a 
nonreciprocal result could be measured if one of the 
sensing electrodes had an extremely high impedance 
or was not in contact with the solution. Histological 
study revealed a folded electrode array, with the 
suspect electrode hidden in the innermost fold. 


Two observations support our conclusion that the 
excitable cells lay outside the scala tympani. First, 
the threshold current to elicit an evoked potential 
decreased by nearly the same value that external 
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current increased when stimulus was applied be- 
tween electrodes within the basal turn of the scala 
tympani. Second, the threshold remained essential- 
ly the same when current was applied with a basal- 
external electrode or with an apical-external elec- 
trode. The current changed substantially in the two 
external paths, but the total external current re- 
mained unchanged. The elements excited by stimu- 
lation in the basal turn of the implanted cochlea 
were not markedly different in location whether the 
stimulating electrode was located basally or 2 to 4 
mm apically. It remains to be seen what the effect 
of stimulation from other turns will be. We cannot 
state on the basis of these data what the site of ex- 
citation is: whether it is in the habenula perforata 
where the dendrites of the cells of the eighth nerve 
develop their myelin sheaths, at the cell bodies, or 
along the axons. 


The fluids of the scala tympani shunt current 
from excitable cells. That conclusion is drawn from 
the currents measured in the cochleas of guinea pigs 
and from the data collected in the single monkey 
measured in this study. It is possible to calculate a 
difference in current flow for stimuli applied be- 
tween either widely spaced or closely spaced pairs 
of electrodes. If it is assumed that the impedance 
per unit distance of the scala tympani is constant 
over the length occupied by the implant,*' the 
scalar impedance for closely spaced electrodes in 
this implant would be 216 Q. The change in external 
current flow for closely spaced electrode pairs 
would be 17 dB less than it would be for the widely 
spaced pair. This calculated effect is slightly larger 
than the measured threshold effect (10-15 dB). 


Measurements made here in the guinea pig and 
preliminary measurements in the monkey (Spel- 


man, umpublished results) indicate that tissue im- 
pedance is invariant with current up to 45 pA rms. 
The linearity of the tissue impedance means that 
two currents directed to the same location within 
the inner ear will operate additively on the cells in 
that location. The cells will respond nonlinearly to 
summed currents because of their imposition of a 
threshold, but electrode arrays can be designed to 
increase or decrease local currents by algebraic 
summation. 


These results indicate that current paths within 
the inner ear can be resolved with spatial and spec- 
tral detail. However, significant questions remain. 
The longitudinal and transverse impedances within 
the mociolus must be measured. Current flows 
must be measured concurrently with evoked behav- 
ioral or electrophysiological responses. These stud- 
ies should be conducted in damaged cochleas to pro- 
vide a useful model of patient implant candidates. 
It is essential to understand the change in the paths 
of current flow that result as 1) electrode positions 
are varied, 2) extraneous tissues grow in the im- 
planted cochlea, and 3) current drive is varied be- 
tween electrode pairs (in the hope of focusing cur- 
rents in the regions that contain excitable cells). The 
values of tissue impedance obtained in guinea pigs 
premortem and postmortem show it is unwise to in- 
fer particular values in vivo that are based on 
postmortem studies. To understand how to direct 
stimulus currents to particular tissues in the inner 
ear, we will have to make acute or chronic measure- 
ments in live animals. A more complete understand- 
ing of the electrical properties of the implanted ear 
should result in the design of an electrode array that 
will minimize drive currents, maximize dynamic 
range, and maximize the useful life of implants for 
human patients. 
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A cochlear prosthesis designed to electrically stimulate eighth nerve fibers in deaf subjects was studied in acute guinea pig prepara- 
tions. The prosthesis, which consisted of two pairs of platinum-iridium electrodes, was inserted into the scala tympani through the round 
window. The electrical impedances of different current paths and their effectivenessan evoking neural responses in the central auditory sys- 
tem are compared. Assuming lumped neural elements, the results indicate that the sites of neural excitation lie outside the scala tympani. 
Frequency-response characteristics of neural excitation are in <greement with resistive spread of current through tissue to the site of stimu- 
lation. Neural membrane characteristics similar to those previously studied in nonmammalian nerves seem to account for the response in- 


itiation. 


INTRODUCTION 


In the normal ear, the mechanical fluid motion of 
the cochlea is changed into neural firing through 
the mediation of hair cells. In damaged ears, these 
hair cells are often missing, and cochlear prostheses 
have been developed to alleviate profound hearing 
loss by direct electrical activation of whatever 
neural elements remain in the region of the cochlea. 
Quantitative criteria for a successful cochlear pros- 
thesis have not yet been established because its 
limits and variations are still unclear. Qualitat-ve 
criteria may be specified as a maximum transfer of 
information with the minimum possibility for dam- 
age or postoperative complications. Based on eur 
knowledge of cochlear function, a multichannel im- 
plant that selectively stimulates spatially discrete 
portions of the afferent auditory array would seem 
to have advantages for the transfer of sound infor- 
mation. Attempts have been made to provide multi- 
channel stimulation through electrodes introduced 
through the scala tympani,'” the modiolus,** and 
the lateral wall of the cochlea. While most im- 
plants are still used as single-channel devices, there 
is continuing support for multichannel stimulation e 


Introduction of speech signals through a multi- 
channel implant poses problems. We need to devise 
an encoding strategy for separating and introducing 
signal features through independent transmission 
channels, and we have to find the most effective ar- 
rangements for electrodes and optimal stimulating 
waveforms for the discrete activation of these chan- 
nels. At the center of these problems is a lack of 
knowledge about which neural elements are likely 
to remain in profoundly deaf individuals, and the 
ways in which cochlear implants stimulate these 
elements. While there are currently no suitable di- 
agnostic techniques for electrically determing 


which excitable neural elements remain in damaged 
cochleas. many patients probably have few spiral 
ganglion cells remaining in the basal turns of the 
cochlea, which are most accessible to the scalar im- 
plants currently in use.®'° Given an unpredictable 
population of surviving neural elements, which 
must be stimulated more or less discretely, it is of 
paramount importance that we clarify the electrical 
properties and neurophysiological mechanisms rele- 
vant to the operation of cochlear implants. 


Cochlear prostheses evidently effect stimulation 
through mechanisms associated with neural mem- 
branes. Neural and behavioral thresholds to electri- 
cal stimulation'’-'? through these implants show a 
frequency dependence that agrees with known prop- 
erties of nerve membranes.'*'S Manipulation of the 
biochemical environment in the cochlea affects neu- 
ral respensiveness to prosthetic stimulation™ in a 
manner predictable from the behavior of squid ax- 
ons.'® These observations aid in the search for the 
location and function of the neural elements that 
mediate electrical stimulation in the cochlea. 


In this paper is described a series of neurophysi- 
ological observations made in conjunction with 
studies øf the pathways of electrical current for 
electrical signals introduced through scalar and ex- 
trascalar electrodes. These measurements were de- 
signed to locate the neural elements responsible for 
central activation under these conditions. Electrical 
observations, described in a companion paper," 
consisted of voltage measurements at selected sites 
in and around the cochlea during stimulation with 
sinusoidal and white noise waveforms through sca- 
lar and extrascalar electrodes. The neurophysiolog- 
ical observations included threshold estimates of 
responses evoked at the inferior colliculus by tran- 
sient signals. 
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METHODS 


Subjects and Procedures. Six pigmented guinea pigs weighing 
200-350 g were anesthetized with ketamine hydrochloride (100 
mg/kg) and xylazine (20 mg/kg) supplemented as necessary. 
Respiratory problems were minimized with a presurgical dose of 
atropine sulfate (0.8 mg/kg) and a tracheotomy. The head was 
stabilized by a small bolt, attached to the rostral skull with dental 
acrylic, and stainless steel screws threaded into the bore. 


The middle ear was widely exposed by removal of overlying 
tissues, the tympanic membrane, and the cochlear bulla caudal to 
the tympanic membrane. A free-fit cochlear prosthesis containing 
at least two pairs of bipolar electrodes within a Silastic mold" was 
inserted through the round window and fixed in place with Dure- 
lon. The electrodes in a pair were separated by 0.2-0.5 mm, and 
the pairs were 1.5-2 mm apart along the axis of the scala next to 
the basilar membrane. An electrical connector to the implanted 
prosthesis was attached to the skull near the defect in -he bulla. 
Pairs of stimulating and measuring electrodes were also im- 
planted external to the cochlea at one or more of the following 
sites: the internal meatus near the modiolus as approached 
through the vestibule, the internal auditory meatus as exposed 
through a posterior fossa approach, the junction of the eighth 
nerve and cochlear nucleus as exposed by aspiration of the over- 
lying cerebellum, and the neck muscles. All animals used for im- 
pedance measurements had external electrodes in the in-ernal au- 
ditory meatus and some had electrodes at the cochleer nucleus 
and neck muscles. Electrodes for recording evoked potentials in 
the rostral auditory pathways consisted of a silver wire insulated 
except for its terminal 1.5 mm. This exposed portion was bent 90° 
to form a boot, which was placed on the brachium of the inferior 
colliculus opposite the implanted ear. A reference electrode was 
placed near the sagittal sinus. 


Stimulation and Voltage Measurement Procedures. One aspect 
of these experiments was the introduction of constan- currents 
either between pairs of electrodes in the scala tympani or between 
an electrode in the scala tympani and an external electrode. Vol- 
tage differences were measured between all nonstimulated elec- 
trodes in the system, and a later analysis provided estimates of tis- 
sue impedance for characterization of the electrical properties of 
the cochlea and the surrounding tissues. The techniques for these 
measurements and calculations used for data analysis are de- 
scribed in a companion paper." 


Recording of Evoked Responses. Electrical artifact from 
stimulation through a cochlear prosthesis interferes significantly 
with any electrophysiological recording in the area of the brain- 
stem. While the components of the stimulus resulting from capa- 
citance coupling and electromagnetic radiation can be mini- 
mized, a significant component resulting from current spread re- 
mains. To minimize this interference and yet obtain frequency- 
specific information about the electrophysiological response, we 
presented single cycles of sinusoids to electrode pairs through a 
constant-current stimulator.'* The frequency of the sinusoids was 
varied in l-octave steps from 500 Hz to 16 kHz. These electrode 
pairs were separated by 1.5-2 mm along the scala tympani, or one 
was in the scala and the other outside the cochlea. To reduce the 
duration of the electrical artifact, we set all filters in the recording 
circuit at their widest point to achieve an impulse response of 
minimal duration. The brachial potential resulting from these 
transient stimuli was sampled at 25 kHz for 10.24 ms and aver- 
aged 50 times with a Nicolet MED-80 computer. The averaging 
was repeated while the intensity of the stimulating current was 
adjusted to estimate the threshold for an evoked response. The 
threshold was established as a minimally detectable evoked wave- 
form on the cathrode-ray computer display. Suprathreshold ob- 
servations were made with 1-dB increases in stimulus intensities so 
we could follow the growth of the evoked response from threshold 
to a maximum value, determined by either 1) interference from 
electrical artifact or limitations dictated by current spread to 
nonauditory nerve or muscle or 2) gassing limits of the platinum- 
iridium electrodes.'? Threshold estimates could be mace rapidly 
and safely in conjunction with impedance observations throughout 
an acute experiment (8-18 hours). 


TABLE 1. MEAN DIFFERENCE IN THRESHOLDS (dB) 
BETWEEN THREE ELECTRODE COMBINATIONS 


ACROSS FREQUENCIES (N = 5) 
SSS ŘÁ 


Electrode Pairs Compared 


kHz S-A S-B B-A 
eee ee RA 


0.5 11.49 9.89 1.60 
l 8.21 6.91 1.30 
2 8.56 7.23 Loo 
4 8.37 6.13 2.24 
8 16 6.21 1.44 
16 8.06 5.69 A 
Overall mean 8.72 7.01 1.70 


95% confidence intervals 7.18-10.26 8.69-5.33 1.20-2.19 


Confirmation of Electrode Location. The placements of stimu- 
lating and recording electrodes both on the prosthesis and external 
to the cochlea were confirmed after the experiment by dissection 
of the cochlea and surrounding tissue under an operating micro- 
scope. Twisting, folding, and other displacements of the pros- 
thesis were noted, along with any other unanticipated electrode 
placements. Some preparations were unsuitable because of poor 
electrode placement, or because of defective implants or other 
technical or physiological considerations. 


RESULTS 


Relatively stable thresholds were obtained for all 
electrode combinations and frequencies in accepta- 
ble preparations. Independent replications were al- 
ways possible to within + 2 dB and commonly with- 
in + 1 dB. Thresholds for detectable evoked poten- 
tials at the brachium of the colliculus were below 10 
uA rms for optimal electrode placements and 
stimulating frequencies in every animal except 
guinea pig (GP) 15. In this animal, the implant was 
folded within the scala tympani so that the plat- 
inum electrodes were isolated from scalar fluids by 
the Silastic carrier. For GP 15, therefore, measure- 
ments of both impedance’® and neurophysiological 
thresholds deviated from those obtained for the 
other preparations. Thus the following results do 
not apply to GP 15 except where indicated. 


At every frequency in every preparation except 
GP 15 (n=5), current passing from a scalar elec- 
trode to an external one evoked a neural response 
more effectively than did current passing between 
electrodes within the scala. The apical-to-external 
(A) and basal-to-external (B) electrode pairs had 
thresholds that were significantly lower than the 
base-to-apex or scalar (S) pair (Table 1). While the 
A electrode configuration yielded consistently lower 
thresholds than the B configuration, the difference 
was less than 2 dB. In contrast, the S configuration 
was 7-9 dB less effective than either the A or B con- 
figuration. Clearly, directing current across the 
scalar-external boundary increases its effectiveness 
by 2 to 3 times. 


The relation between log threshold and log fre- 
quency of stimulation was an increasing, cur- 
vilinear one (Fig. 1). This form of relationship has 
been reported previously for middle ear stimula- 
tion,’ is qualitatively predictable from experimen- 
tal observations on squid giant axon,'® and agrees 
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qualitatively with behavioral measures." Thresh- 
old-frequency functions can be compared by noting 
their slopes. These slopes in decibels per octave 
changed in an orderly manner, ranging from less 
than 1 dB/octave at 0.5-1 kHz to 8.46 dB/octave at 
8-16 kHz (Table 2). The S, A, and B electrode pairs 
were not different with respect to these slopes, only 
in absolute thresholds. 


Electrical analysis of the cochlea revealed that 
the current paths were primarily resistive, ie, little 
phase shift was seen between the applied voltage 
and measured current flow.'® For comparison of 
measured electrical and neurophysiological charac- 
teristics, the following results and analyses are given 
for three animals. These animals had complete im- 
pedance and threshold observations, confirmed 
placements of prostheses, stable physiological signs 
throughout all procedures, and appropriate replica- 
tions. The following analysis is for data at 1 kHz, 
but entirely comparable results would hold at 500 
and 2,000 Hz; the other frequencies overlap for the 
neural and electrical data. 


It was assumed that a discrete site of neural ex- 
citation existed regardless of the site of stimulation, 
and that these neural elements could be exclusively 
associated with one of the three current paths. The 


TABLE 2. MEAN SLOPES OF THRESHOLD-FREQUENCY 
RELATIONS (dB/OCTAVE) ACROSS FREQUENCY 


Electrode Pair 95 % 
Confidence 

Frequen S A B Mean Interval 
0.5-1 0.67 1.04 0.74 0.816 0.59-1.04 
1-2 4.48 4.13 4.16 4.26 3.80-4.71 

9-4 5.28 5.47 6.38 5:71 4.33-7.09 
4-8 6.00 6.72 5.92 6.21 5:18-7-25 
3-16 8.43 8.00 8.95 8.46 7.34-9.58 





60 

ii = Fig. 1. Threshold for evoked response versus frequency 
- of stimulation for three electrode pairs. Both ex- 
= trascalar current paths were associated with thresholds 
= 7-9 dB less than those for scalar pathway throughout 
> frequency range (Table 1). Shapes of functions are very 


similar, with increasing slopes at higher frequencies 


(Table 2). 
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electrical characteristics for each pathway were also 
assumed to be lumped and resistive. Because no cur- 
rent-voltage phase shifts exceeded 6° for these pre- 
parations, the assumption of resistive characteristics 
appeared valid. Absolute threshold for excitation at 
the site of neural activation could not be deter- 
mined from the overall current threshold because of 
the possibility of an undetermined portion of the 
threshold current being shunted through an alter- 
nate, ineffective pathway. However, changes in 
thresholds for changes in pairs of stimulating elec- 
trodes can be predicted from measured impedances 
for the three possible sites of neural activation. The 
site associated with the most accurate prediction of 
the observed threshold changes is thus supported. 


The first step is to determine the relative current 
magnitudes in the direct and indirect current path- 
ways. A single impedance characterizes the direct 
current path, while the indirect pathway has two 
serial impedances. As shown in Table 3, the direct 
pathway for the S path has 2,574 Q impedance, and 
the indirect (extrascalar) pathway has 8,520 Q im- 
pedance (5,119+ 3,401). For a constant current in- 
jected through the scalar pair of electrodes, the de- 
cibel ratio of indirect to direct current is 20 log 
(2,754/8,520) = —9.81 dB. 


Also shown in Table 3 are the mean neural 
threshold current values for the S, A, and B pairs of 


TABLE 3. ELECTRICAL PARAMETERS AND OBSERVED 


NEURAL THRESHOLDS AT 1 kHz FOR S, A, AND B 
PATHWAYS IN THREE GUINEA PIGS 


Mean Current Out of Pathway Threshold 


Pathway Impedance (dB re Current in Pathway) (pA, rms) 


S 2,754 —9.81 25.88 
A 5,119 — 1.60 8.46 
B 3,401 — 7.29 9.59 
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TABLE 4. CHANGE IN THRESHOLD (dB) FOR CHANGE IN 
STIMULATION ELECTRODES FOR OBSERVED 
THRESHOLD VALUES IN TABLE 3 


= SS EE eee 
Electrode Change Threshold C hange 


StoA = 9.71 
S to B — 8.62 
A to B +1.09 


stimulation electrodes. Table 4 gives the relative 
change in threshold for changes in stimulation con- 
figuration from the data of Table 3. For example, 
changing from the S to the A stimulating electrode 
pair yielded a change of —9.71 dB = 20 log 
(25.88/8.46). These data allow a comparison of the 
evidence for assumed loci of excitable neural ele- 
ments (Table 5). 


DISCUSSION 


Describing pathways of current flow in the inner 
ear is particularly difficult because of the complex, 
three-dimensional structure of soft tissues, bone, 
and cochlear fluids. These tissues and their inter- 
faces are characterized by specific electrical proper- 
ties. We must know the current densities that a 
cochlear prosthesis induces in these tissues if we are 
to approximate the sites of neural excitation. In the 
present case, we made simplifying assumptions to 
estimate these current pathways. At the center of 
these assumptions is a linear, lumped-constant, re- 
sistive model of the inner ear during stimulation 
with a scalar prosthesis. Our data support the as- 
sumption of a relatively pure resistance, and checks 
on the assumption of a linearity across different in- 
tensities indicate that it holds within the range 
where the electrode-fluid interface is stable.'® The 
assumption of lumped-constant elements is not di- 
rectly supportable by observation; it is, of course, 
an assumption of necessity and not conviction. In 
the absence of an adequate field model and greatly 
improved resolution of voltage samples in the spa- 
tial domain, some variation on the lumped-constant 
assumption is indicated. 


Neurons are distributed elements in terms of elec- 
trical stimulation.’ Obtaining relative thresholds 
for spike initiation with, for example, an exploring 
stimulation electrode is not an adequate characteri- 
zation of the mechanisms of a cochlear prosthesis 
placed in the scala tympani. A low threshold at one 
stimulating electrode position does not ensure that 
the site is a successful competitor with other sites for 
spike initiation, given that current injected through 
a prosthesis will affect many possible loci of spike 
initiation simultaneously. Current injected into the 
cochlea spreads through an apparently resistive me- 
dium that, in turn, determines local increases and 
decreases in transmembrane potentials. Different 
sites of current injection may thus induce mem- 
brane depolarization and hyperpolarizatior at the 
same place on a neuron. The resulting activation 
process is likely to reflect integrative processes of 


TABLE 5. DISCREPANCIES (dB) BETWEEN PREDICTED 
AND OBSERVED CHANGES IN THRESHOLDS FOR 
THREE POSTULATED LUMPED LOCI OF STIMULATED 
NEURAL ELEMENTS 


Change in Stimulation Locus 95 % 
Postulated Confidence 
Site StoA StoB AtoB Mean Interval 
S 11.31 15.91 4.60 10.61 4.97-16.24 
A 0.1 6.1 6.2 4.13 0.67-7.59 
B 1.5 1.19 2.69 1.79 1.01 


neurons that are unique to an individual arrange- 
ment for stimulation through a prosthesis. The only 
method of completely describing this current acti- 
vation process involves simultaneous measurements 
of current flow patterns and neural thresholds 
across different conditions of current injection. The 
overall strategy is to establish variations in neural 
thresholds that correlate positively with variations 
in current densities specific to anatomical loci. The 
data presented here represent an attempt to imple- 
ment this strategy using three stimulation and 
measuring sites and their three associated interelec- 
trode pathways. Table 5 contains the results of this 
implementation. 


The prediction of changes in neural thresholds 
from measured electrical characteristics of the coch- 
lea most closely agrees with the excited neural ele- 
ments lying in the scalar-external current pathway. 
The basal-external pathway is most congruent with 
the observed results, although both external path- 
Way assumptions are more consonant with the data 
by a factor of more than 2 to 1 over the scalar as- 
sumption. 


These results agree with other estimates of the lo- 
cation of excited neural elements. Using middle ear 
stimulation, Clopton and Bosma” found that a 
modiolar locus was probably based on the manipu- 
lation of cochlear biochemistry and the survival of 
structures on the basilar membrane. Clopton et al" 
also found support for a similar locus on the basis of 
relative thresholds with different electrode posi- 
tions, although an analysis lacking an incorporation 
of electrical impedance data compromised this con- 
clusion. The somas of spiral ganglion neurons are 
the probable foci of excitation. Previous investiga- 
tions have indicated restricted spatial activation of 
elements conforming to tonotopic organization for 
closely spaced scalar electrodes.2!? The most par- 
simonious basis for this observation is that electrical 
stimulation of ganglion cells occurs immediately ad- 
jacent to the electrodes, where a restricted segment 
of the tonotopic map would be influenced. Current 
invasion of the nerve would be expected to yield 
much less spatially discrete excitation patterns as, in 
fact, occurs with higher stimulation levels. 


The membrane mechanisms involved in spike 
generation seem to have properties similar to those 
observed in squid giant axon'’ and frog axon" over 
the frequency range observed. The mechanism is 
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Fig. 2. Ninety-five percent confidence intervals for slopes 
of threshold vs frequency functions (shaded area) com- 
pared with those predicted from first-order ee and 
second-order (triangles) systems. Physiological data agree 
more with characteristics of second-order system than with 
those of first-order system, although both are inaccurate at 
lowest octave. 


similar to the operation of a threshold device pre- 
ceded by a low-pass filter. Figure 2 shows the 95 % 
confidence intervals for the slopes of the threshold- 
versus-frequency relation in Table 2. Any effort to 
fit absolute threshold values with parameters would 
involve assumptions about the values of membrane 
electrical characteristics, but the shape of thresh- 
old-versus-frequency relations as reflected by their 


slopes can be compared with simple models. The 
circles of Figure 2 represent a first-order system re- 
sponse (eg, a resistance-capacitance circuit) with a 
break frequency of 894 Hz. The high-frequency 
slopes of first-order systems asymptote at 6 dB/oc- 
tave. The triangles represent a second-order, paral- 
lel-resonance system (eg, resistance-capacitance-in- 
ductor circuit) with a break frequency of 3,450 Hz 
and a damping factor of two. Such systems asymp- 
tote at 12 dB/octave. Both approximations are fit by 
trial and error. The second-order system better de- 
scribes the data at 8-16 kHz, although both systems 
diverge from the observed slopes at 0.5-1 kHz. 


A simple charge integration mechanism such as a 
resistance-capacitance low-pass filter followed by a 
thresholc device seems inadequate to describe the 
data at higher frequencies. This is not surprising in 
light of knowledge about the dynamics of mem- 
brane mechanisms.” One could extrapolate non- 
linear diferential equations derived for the squid 
axon? to the mammalian nerve to approximate the 
observed data, but the usefulness of such an exercise 
is doubtful for this data base. The distortion of 
membrane response characteristics within this ex- 
perimental paradigm must be considered. The 
thresholds observed were for a population of 
neurons, and the measurement used is open to possi- 
ble frequency selectivity resulting from central pro- 
cessing, although we do not believe this is a factor. 
We did not observe changes in current paths with 
frequeney,'® so it is unlikely that the slopes of the 
threshold-versus-frequency relations were distorted 
by nonmembrane mechanisms. 


In summary, threshold variations correlate with 
changes in current densities in extrascalar path- 
ways. The basal-external pathway is especially in 
agreement with the observations as a site of ex- 
citable meural elements. These conclusions are 
based on the assumption of a linear, resistive cur- 
rent-spread model supported by physical measure- 
ment. The observed threshold-versus-frequency 
relations may reflect membrane mechanisms, but 
we need to obtain further observations on single 
neurons. 
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Vertigo... going... gone 






BRIEF SUMMARY OF PRESCRIBING 
INFORMATION: 

"INDICATIONS: Based on a review of this drug 
by the National Academy of Sciences — 





mation, FDA has classified the indications as 






vomiting, and dizziness associated with 





ment of vertigo associated with diseases 
affecting the vestibular system. Final classifi- 
cation of the less than effective indications 
requires further investigation. 


CONTRAINDICATIONS. Administration of 
Antivert® (meclizine HCl) during pregnancy 









C) 1982 Pfizer Inc. 





National Research Council and/or other infor- 
follows. Effective: Management of nausea and 


motion sickness. Possibly Effective: Manage- 





Antivert/25 





meclizine HCl 25 mg Tablets 


Dosage sor vertigo’ The recommended dose is 25 mg to 100 mg daily in divided dosage. 


Also available 


Antivert* (meclizine HCl) 12.5 mg Tablets ¢ Antivert® 


or to women who may become pregnant is 
contraindicated in view of the teratogenic 
effect of the drug in rats. The administration 
of meclizine to pregnant rats during the 12th- 
15th dar of gestation has produced cleft 
palate im the offspring. Limited studies using 
doses of over 100 mg/kg/day in rabbits and 10 
mg/kg/day in pigs and monkeys did not show 
cleft palate. Congeners of meclizine have 
caused cleft palate in species other than the 
rat. Meclizine HCl is contraindicated in indi- 
viduals who have shown a previous hypersen- 
sitivity '0 it. WARNINGS. Since drowsiness 


may, on occasion, occur with use of this drug, 


patients should be warned of this possibility 


and cautioned against driving a car or operat- 


25 (meclizine HCl) 25 mg Chewable Tablets 


ing dangerous machinery. Usage in Children: 
Clinical studies establishing safety and 
effectiveness in children have not been done: 
therefore, usage is not recommended in the 
pediatric age group. Usage in Pregnancy: 

See “Contraindications.” ADVERSE REAC- 
TIONS. Drowsiness. dry mouth and, on rare 
occasions, blurred vision have been reported. 
More detailed professional information avail- 
able on request. 


ROCRIG Ge 


A division of Pfizer Pharmaceuticals 
New York, New York 10017 
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A Conference on Otology and Neurotology 


June 2-3-4, 1983 
HYATT REGENCY SAN FRANCISCO- 


Program Director: 
Rodney Perkins, MD 
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Concurrent Conference 
on Audiology 


and NeuroAudiology CME: 24 Hours Category | 





Boston Medical Products, Inc. 





Boston Medical Products offers tracheal and esophageal prostheses and related instruments 
In a range of sizes: 

Montgomery Tracheal T-Tubes fer tracheal reconstruction. 

Montgomery Tracheal Cannula, short-term and long-term models. 

Montgomery one-way tracheal valves. 

Montgomery Tracheal Trephine Fenestrator. 

Montgomery esophageal tubes. 

Montgomery salivary bypass tubes. 


Address orders or inquiries to: 
ua Boston Medical Products Inc. 
120 Lewis Wharf 


Montgomery Tracheal Cannula Boston, Massachusetts 02110 
617/523-3017 









Montgomery T-Tube | 





*Montgomery, WW. Silicone Tracheal T-Tube, im: Surgery of the Upper Respiratory System, Vol. 2, 382-391, 
Lea & Febiger, Philadelphia, 1973. 
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In seasonal and perennial rhinitis 


When 
conventional 
treatment is 

in question. 








Nasalide 


flunisolide 


instead. 


Vs. antihistamines and Vs. other intranasal 
decongestants steroids 














Many rhinitis sufferers may self-medicate with | | | BECONASE® | VANCENASE® | 
one or more of the over-the-counter antihistamines, | NASALIDE" (beclomethasone | (beclomethasone 
decongestants or their combinations. | (flunisolide) dipriopionate) | dipriopionate) 
= | | | 
“Nuisance effects” or lack of efficacy of these | Appropriate for 
remedies may interfere with your patients daily children 6-14 
activities and lead to noncompliance. (Rha ia E | J 
@ Drowsiness from antihistamines | Non-Freon* 
@ CNS excitation from oral decongestants Canary | : | _| 
@ Rebound congestion from nasa! decongestants Propylene 
With Nasalide such effects are not common | g'ycol hanas | i _| _ 
SO patients will not be discouraged from complying | Usual B.D TID. + TID? 
with therapy. Mild, transient nasal burning or stinging | GOsagR | dl pine | 
(usually lasting only a few seconds) is the most frequent i 
complaint with Nasalide* **Dosage may be increased or decreased depending on severity 


of symptoms 


*See Adverse Reactions section of Brief Summary of full ‘Usual dosage range ‘or beclomethasone is B.1.D. to Q.I.D. 
Prescribing Information. 


{ R) 


de 


For effective symptom 

control in seasonal and 

perennial rhinitis. 
(flunisolide) b i cd 
nasal solution 0.025% e M o a 


Please see Brief Summary of Prescribing 
Information on next page. 


Syntex Laboratories, Inc. 
Palo Alto, CA 94304 





(flunisolide) fa g d. 


Brief Summary 

Description: Each bottle contains flunisolide in a solution of 
propylene glycol, polyethylene glycol 3350 and purified 
water buffered with citric acid/sodium citrate, with benzal- 
konium chloride added as a preservative, and NaOH and/or 
HCI added to adjust the pH. It contains no fluorocarbons. 
Indications: For relief of the symptoms of seasonal or peren- 
nial rhinitis when effectiveness of or tolerance to conven- 
tional treatment is unsatisfactory. 

Improvement is usually apparent within a few days after 
starting Nasalide but may take as long as 2 weeks in some 
patients. Although systemic effects are minimal at recom- 
mended doses, Nasalide should not be continued beyond 3 
weeks in the absence of significant symptomatic improvement. 
Nasalide should not be used in the presence of untreated lo- 
calized infection involving nasal mucosa. 

Contraindications: Hypersensitivity to any ingredients. 
Warnings: Patients transferred from systemic steroid therapy 
to Nasalide should be monitored to avoid acute adrenal in- 
sufficiency in response to stress. Since some patients may 
experience symptoms of withdrawal, attention must be 
given to patients previously treated for prolonged periods 
with systemic corticosteroids, particularly those with as- 
sociated asthma or other clinical conditions where too rapid 
a decrease in systemic corticosteroids may cause a severe 
exacerbation of symptoms. Nasalide should be used with cau- 
tion in patients on alternate-day prednisone for any disease. 
Precautions: General: Localized Candida albicans infections 
of the nose and pharynx occurred only rarely in clinical 
Studies, but if such an infection presents, treatment with ap- 
propriate local therapy or discontinuation of Nasalide treat- 
ment may be required. 

Flunisolide is absorbed into the circulation. Systemic effects 
have been minimal with recommended doses but larger 
doses should be avoided since excessive doses may suppress 
hypothalamic-pituitary-adrenal function 

Nasalide should be used with caution in patients with active 
or quiescent tuberculosis infections of the respiratory tract: 
untreated fungal, bacterial, or systemic viral infections; or 
ocular herpes simplex. 

In patients who have experienced recent nasal septal ulcers, 
recurrent epistaxis, nasal surgery, or trauma, a nasal corti- 
costeroid should be used with caution until healing has 
occurred. 

Information for Patients: Nasalide should be used as 
directed at the prescribed dosage. Nasal vasoconstrictors or 
oral antihistamines may be needed until the effects of 
Nasalide are fully manifested. The patient should follow the 
Patient Instructions carefully and should contact a physician if 
symptoms do not improve, if the condition worsens, or if 
sneezing or nasal irritation occurs. 

Carcinogenesis: While no evidence of carcinogenicity 
was found in a 22-month study in Swiss-derived mice, there 
was a slight increase in the incidence of pulmonary adeno- 
mas which was well within the range of spontaneous adeno- 
mas previously reported for untreated Swiss-derived mice. 

Impairment of Fertility: Female rats receiving high 
doses of flunisolide (200 mcg/kg/day) showed some evi- 
dence of impaired fertility. Reproductive performance in 
low and mid dose groups was comparable to controls. 

Pregnancy: Pregnancy Category C. The drug has been 
shown to be teratogenic and fetotoxic in rabbits and rats. 
The drug should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers: Because other corticosteroids are 
excreted in human milk, caution should be exercised when 
the drug is administered to nursing women. 

Adverse Reactions: The most frequent complaints were mild 
transient nasal burning and stinging (reported in approxi- 
mately 45% of patients). These complaints do not usually 
interfere with treatment; in only 3% of patients was it nec- 
essary to decrease dosage or stop treatment because of 
those symptoms. 

Incidence of 5% or less: nasal congestion, sneezing, epi- 
staxis and/or bloody mucus, nasal irritation, watery eyes, 
sore throat, nausea and/or vomiting, headaches and loss of 
sense of smell and taste. In rare instances, nasal septal per- 
forations were observed during the studies but a causal 
relationship with Nasalide was not established. 

Systemic corticosteroid side effects were not reported dur- 
ing the controlled clinical trials. If recommended doses are 
exceeded, or if individuals are particularly sensitive, 
symptoms of hypercorticism could occur. 

Dosage and Administration: Full therapeutic benefit re- 
quires regular use and is usually evident within a few days, 
but up to 3 weeks may be required for some patients to 
achieve maximum benefit. Patients should use a deconges- 
tant and clear their nasal passages of secretions prior to use. 
Recommended starting dose in adults: 2 sprays in each nos- 
tril b.1.d. If needed, increase to 2 sprays t.i.d. 

Recommended starting dose in children (6-14 years): | spray 
in each nostril t.i.d. or 2 sprays in each nostril b.i.d. Not rec- 
ommended for use in children less than 6 years old. 

Total daily doses: not to exceed 8 sprays in each nostril for 
adults and 4 sprays in each nostril for children. 

Maintenance dose: smallest amount necessary to control 
symptoms. 

How Supplied: Each 25 mi Nasalide® (flunisolide) nasal solu- 
tion spray bottle (NDC 0033-2906-45) contains 6.25 
mg (0.25 mg/ml) of 


hae 
flunisolide and is sup- ese, 
plied with a pump unit, tam, 
nasal adapter with ‘ony 


dust cover, and patient = Syntex Laboratories, Inc. 
instructions. [SYNTEX] Palo Alto, CA 94304 





Ta I IE TC SSE, 


THE AMERICAN ACADEMY 
OF FACIAL PLASTIC AND 
RECONSTRUCTIVE 
SURGERY 
presents the 
FOURTH INTERNATIONAL 
SYMPOSIUM ON PLASTIC 
AND RECONSTRUCTIVE 
SURGERY OF THE 
HEAD AND NECK 
May 29—June 2, 1983 
LOS ANGELES 


The program will present many of the world’s foremost 
specialists in facial plastic and reconstructive surgery. 
Through formal papers, courses, video tapes, films, and 
other curriculum media, these distinguished surgeons and 
physicians will share their knowledge, skills and 
experience in plastic and reconstructive surgery of . 


the nose... ear... oral cavity, tongue and Jaws . 
pha-ynx, larynx, esophagus and trachea... face 
auricle . . . eyelid and scalp. 
B 
SCIENTIFIC PAPERS, PANELS AND INSTRUCTION COURSES 
5 i 


MORNING SESSIONS 
Stimulating Scientific Presentations and Panel Discussions 
. 
AFTERNOON SESSIONS 
Free Papers and Instruction Courses 
Advance Registration Required 
Seating Limited 
Assignment of All Courses on First-Come First-Served Basis 
AMA Continuing Education Credits 


& 
For Symposium Information and Registration write: 
Walter E. Berman, M.D., General Chairman 
9735 Wilshire Blvd. 
Beverly Hills, CA 90212 
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the world's first Deluxe 











Thank you 
for your efforts in providing 
the Gift of Hearing for so manv... 


From: 
Starkey U.S., Starkey Canada, Starkey U.K., Starkey France, Starkey Germany (Willco) 





Starkey 


Alkalol 


FOR THROAT 


Use ALKALOL as a gargle for 
cleaning mucus as a postoperative 
treatment. Radiologists find it ef- 
ficacious following deep therapy 
treatment of CA of the throat par- 
ticularly for its soothing, mucus 


solvent and deodorant qualities. 


Sample upon request 


THE ALKALOL COMPANY 


Taunton, Mass. 02780 





TECHNIQUES 
OF 
TYMPANOPLASTY 
AND 
STAPEDECTOMY 


University of Zurich 
September 19-22, 1983 


Host: Professor U. Fisch 
Guest: J. L. Sheehy, MD; Los Angeles 


This course for experienced otologists entails 
in-depth, open discussions and video demon- 
strations of contrasting yet successful tech- 
niques used at the University of Zurich and the 
Otologic Medical Group of Los Angeles. 


Fee: US $300 


For further information contact: Professor U. 
Fisch, ENT Department, University Hospital, 
8091 Zurich, Switzerland. 
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Madsen Technology 


WHERE THE 
FUTURE IS NOW! 


Introducing a complete line of audiometers 
capable of computer interface. 


Clinical Audiometers 
OB822 

OB8&22 joins the top of the line 
MICRO-5 as another is 
standard of excellence to ~ com 
lead audiometry through “ «5 7 2 EF te 
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the 30's. a a | ety J 
The new ©B822 can be 8 Bn a 
controlled manually or con- a 
nected to a computer with the As 


RS232 interface. You personally make 

on-line decisions; you control the computer; 
you program it the way you want the tests 
executed You can reprogram the memory for 
periodic calibration using the attenuator. 


Brainstem System 


ERA 2250 

Speed, aecuracy and versa- 
tility are the key words when 
describing the all new ERA 
2250 system for evoked 
potential measurements. 
Simplicity of operation 
prowides the audiologist more 
productive patient time. 

The ERA 2250 can also be r 
intefaced with a computer 4 * 
allowing even greater flexi- 3 v 9 ` . 
bility, where only the bs 
imagination limits the scope F, a 
of operation. wv 

ERA 4250 

The newly introduced companion model, single- 
channel ERA 1250 is the most cost-effective 
system available today. 


Impedance Audiometers 


Z073A / Z2S77MB 

Over 25 years of experience lie behind Madsen 
products, bringing you clinical and diagnostic 
impedanee audiometers professionals have 


come to Tust. 


USA.: CANADA: EUROPE 








P.O. Box 136 2370 Speers Road 20 Vesterlundvej 
Buffalo, N Y P.O. Box 535 DK 2730 Herlev, 
14225 Oakville, Ontario Denmark 


Tel 1-800-528-€081 L6J5B4 
Telex: 06-982298 


Tel. (02) 946000 
Tel: (416) 825-0122 Telex: 55-35285 
Telex: 06-982298 MADSTR-DK 


Leading audiometry through the 80's 





Brief Summary. 
Consult the package literature for prescribing information. 


In otitis media’ with effusion... 


Indications and Usage: Ceclor® (cefaclor, Lilly) is indicated in the treatment 

tthe following infections when caused by susceptible strains of the designated 
rgamsms 

titis media caused by Streptococcus pneumoniae (Diplocaccus pneu 


125-mg/5-ml and 250-mg/5-mi oral suspensions moniae), Haemophilus influenzae, staphylococci, and $. pyogenes 


(group A beta-hemolytic streptococci) 

A Appropriate culture and susceptibility studies should be performed to 
jetermine susceptibility of the causative organism to Ceclor 
Contraindication: Ceclor is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics 
Warnings: IN PENICILLIN-SENSITIVE PATIENTS CEPHALOSPORIN ANTIBIOTICS SHOULD BE A 
MINISTERED CAUT LY THERE LINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS 
ALLERGENICITY OF THE P ENICILLINS AND THE CEPHALOSPORINS. AND THERE ARE INSTANCES IN 

Antibiotics, including Ceclor, should be administered cautiously to any patient 
who has demonstrated some form of allergy, part ily to drug 

Pseudomembranou tis has been reported with virtually all broad 
pectrum antibiot iding ma jE emisynthetic penicillins, and 
snd may permit overarowth of clostridia. Studies indicate that a toxin prod 

Mild raca f ncandiameomhrar emplit 3 net iru ) 


lone. In moderate to severe Cases, management should include 

= æ JOScopy, appropriate Dacteriolog tudie ind fluid, electrolyte, and 
Jpplementation. When the colitis does not improve after the drug has 

nN discontinued, Or when itis severe, oral vancomycin is the drug of choice for 

Issociated pseudomembranous colitis produced by L. dificile Uther 


Precautions: General Precautions — |f an allergic reaction to Ceclor occurs 
the drug should be discontinued, and, if necessary, the patient should be treated 


orooniate agent eq pressor iry pi antihistamines 


Documented clinical effectiveness against each 


Haemophilus influenzae, including both amoxicillin/ : 4 iors 
ampicillin-sensitive and amoxicillin/ampicillin- sd a “ti 
resistant strains. si 
Also clinically effective against Streptococcus 
pneumoniae (pneumococcus), staphylococci, and ki 
S. pyogenes (group A beta-hemolytic streptococci). 
Nave beea : ort rmed in mice h d a it d : e ; ip to 12 tin e; 4 sh aan 
rerrets given three time ee rper eb opka 
Ni ver, no adequ ‘te ING WE bolii f i HE ' ( re nant W men Ber “A e 


n 
att ym lV 
“ens it 15 percent 
ind include morbilliform eruptions (1 ır Prunitus, urticaria, and 
| in | patients. Lase 
ckness-like reactions (erythema multiforme or the above skin manife 
ns accompanied by arthritis/arthralaia and, frequently, fever) have been 
ted These reactions are apparently due to nypersensitivity and ha 
y occurred during or following a second course of therapy with Ceclor. Suct 
tions have been reported more frequently in children than tn adults. Sign 
ymptoms usually occur a few days after initiat i therapy and subside 
i few days after cessation of therapy No serious sequelae have beer 


H. influenzae P Causal eletorshg Uncen Tanstoryetromanes n cnc ab 
Scanning electron micrescopy died: arai oad kokia eaa a alera namodro ho ahnaa 
(x 8550). Hepat ht elevations of SGOT, SGPT, or alkaline phosphatase valut 


naly than Lin ¿ 061782 


© 1982, ELI LILLY AND COMPANY 
Additional informat 


the profession on request from 


Ceclor is contraindicated in patients with known allergy to cephalosporins ang should Eli Lilly and Company 
be given cautiously to penicillin-allergic patients 7 Indianapolis, Indiana 46285 


*Due to susceptible strains of S. pneumoniae [D | enzae Eli Lilly Industries, Inc. 
staphylococci, and S. pyogenes (group A beta-hemolytic streptococc Carolina, Puerto Rico 00630 





EPISTAL... 


The fast, safe, effective way 
to control nasal hemorrhage 





Fast. The slender design and gently curved shape facilitate easy 
insertion and the anterior and posterior cuffs can be quickly inflated 


Safe. When inflated, the small posterior balloon “sets” the catheter 
in the posterior nasopharyn». Both cuffs are soft, atraumatic silicone, 
which reduces the chance of clot adherence on removal. 


Effective. The unique, independently inflated cuffs apply gentle 
pressure only where needed and the airway permits nasal breathing 


The EPISTAT™...a must for every physicians bag and every 
emergency room. Available separately or in kit form, from Xomed. 
Xomed Inc. 


6743 Southpoint Drive North, Jacksonville, FL 32216 
Call toll free 1-800-874-5797 


In Alaska, Hawaii or Florida call col ect Xomed Canada 
(904) 731-7109 106 East Dr., Brampton, Ontario L6T-1C1 
TWX 810-827-6439 (416) 791-3665 


Another problem-solving idea from GF 


Xomed X 


The Microsurgery Company 


Ann Otol Rhinol Laryngol 91:1982 


CHEVALIER JACKSON LECTURE 
ESOPHAGOLOGY: AN UPDATE 


ARTHUR M. OLSEN, MD 


ROCHESTER, MINNESOTA 


Because of the great interest in the problem of gastroesophageal reflux, much emphasis has been placed on factors which control the 
competence of the lower esophageal sphincter (LES). Much study has been devoted'to the effect of hormones and drugs on the LES. Of the 
various diagnostic methods available, 24-hour pH testing seems to offer the most information regarding reflux and its complications. Medi- 
cal therapy should be given a careful trial before surgical procedures for reflux are considered. Diagnostic esophagoscopy is usually per- 
formed with fiberoptic instruments. Open-tube esophagoscopes are still preferable tor most types of endoscopic therapy. However, flexible 
fiberscopes may be used for injection of esophageal varices and for laser coagulationof bleeding lesions or even tumors. Guide wires may be 
introduced through flexible scopes to aid in the dilation of esophageal strictures and also to aid in the placement of prosthetic tubes in pa- 
tients with obstructing cancers. The performance of esophagoscopy by practitioners of several disciplines has resulted in fragmentation of 
the specialty. Ideally, all esophagoscopists should be competent with both open-tube and fiberoptic scopes and should be familiar with all 
of the newer knowledge of the physiology and pharmacology of the esophagus and its sphincters. 


PHYSIOLOGY AND PHARMACOLOGY factors as increased intra-abdominal pressure, im- 

In the past 30 years, much has been er paired esophageal peristalsis, and slow gastric 
about the swallowing mechanisms.’ With the help emp ys: 
of manometry, the upper and lower sphincters have Hormones have been implicated in the control of 
been well defined. The upper sphincter relaxes LES pressure. At one time, gastrin was thought to 
when swallowing begins, and the lower sphincter be of great importance," but later studies have 
relaxes as the peristaltic wave passes into the shown that serum gastric levels cannot be correlated 
stomach. Resting pressures at both sphincters nor- with LES pressures or reflux.'? However, estrogens 
mally prevent reflux from the stomach into the (in pregmant women) apparently are responsible for 
esophagus and airways. Except for some improve- incompetence of the LES." Prostaglandins E, and 
ments in equipment and refinements in technique,” E, cause a decrease in LES pressure.'* A wide vari- 
manometry has not changed appreciably in recent ety of other substances,‘ including foods and drugs, 
years. Motility studies are available in most hos- influence the pressure levels at the LES. Fats, choc- 
pitals and clinics, and manometry has taken its olate, alcohol, and tobacco all cause a reduction in 
place as a diagnostic technique to supplement LES pressure. Anticholinergics reduce LES pres- 
roentgen examination of the esophagus. Modifica- sure. whereas drugs such as bethanechol, metoclo- 
tions of the pressure-detecting units permit a deter- promide, domperidone,'* carbenoxolone, and pos- 
mination of potential difference?’ across the gastro- sibly antacids increase the sphincter pressures." 
esophageal mucosal junction, and pH electrades i 
can also be incorporated into the system.™* All ESOPHAGOSCOPY 


esophagologists should have some familiarity with 


these diagnostic techniques. There have been few advances in open-tube esoph- 


agoscopr in recent years. Fiberoptic illumination 


The lower esophageal sphincter (LES) is not ana- and improved magnifying telescopes have provided 
tomically identifiable. Its behavior is subject to the for better visualization and excellent photography. 
influence of a variety of neural, humeral, and me- The Atles of Endoscopy produced by Savary and 
chanical stimuli.” Because maintenance of the Miller’® is a testimonial to the Hopkins lighting 
pressure profile is so important in the prevention of system. Not only are the various diseases of the 
reflux, the factors that increase or decrease the LES esophagas clearly shown but also the subtle changes 
pressures are of considerable importance. of early esophagitis are demonstrated. 

There is much evidence to suggest that intrinsic Flexible fiberoptic esophagoscopes have been with 
myogenic activity is chiefly responsible for the tene us for nearly 20 years. Constant improvements are 
of the lower sphincter.** The normal LES pressure being made in the optics and maneuverability of 
is reduced by esophagitis.’ Reflux is favored by such these instruments. Likewise, the channels for in- 
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strumentation have been enlarged. A variety of for- 
ceps for biopsy and foreign body removal ere now 
available. Brushes for collection of material for cy- 
tologic study and snares for polypectomy may be 
passed through these channels. Also, these instru- 
ments will accommodate needles for injection of 
esophageal varices’’ and lasers for photocoagulation 
of bleeding lesions.*® 


Longer fiberoptic endoscopes are used to visual- 
ize the esophagus, stomach, and duodenum — all at 
one examination. Recently, sleeves, or “overtubes,” 
have’ been ‘passed over a 36-gauge rubber lavage 
tube or a small-caliber endoscope to permit re- 
peated insertion and withdrawal of escphago- 
scopes.'? The procedure is comparable to th2 use of 
an intratracheal tube for repeated passage cf fiber- 
bronchoscopes. 


METHODS OF DILATING STRICTURES 


The method described by Plummer in 1910” re- 
mains the safest and best way to dilate esophageal 
strictures. Bougies passed over a previously swal- 
lowed thread will dilate almost any type of esopha- 
geal stenosis. The only contraindications are gastro- 
enterostomy and tracheoesophageal fistula, because 
the thread may drop back on itself after being swal- 
lowed. Admittedly, the method requires patience 
by both the patient and the endoscopist, bat with 
time and effort, the thread will pass through the 
stricture and become anchored in the small intes- 
tine. This method is essential for multiple or tor- 
tuous strictures.” 


In extreme stenosis, retrograde dilatiors with 
Tucker bougies are possible after gastrostomy and 
retrograde endoscopy with a cystoscope and passage 
of a ureteral catheter through the stricture into the 
hypopharynx.”! After a few dilations, the gastros- 
tomy can be closed and further dilations carried out 
over a swallowed thread. 


When there is much retained food and secretion 
in the esophagus (as in achalasia), a mercury- 
weighted (0.5 ml) rubber or latex bag may be tied to 
the end of the thread to facilitate its passage. Other- 
wise, weights are neither necessary nor desirable. 


Many endoscopists use Puestow or Rasmussen 
wires and bougies. Preferably, the wire should be 
passed through the stricture under direct vision and 
with the aid of fluoroscopy.’ Recently, Savary 
developed a technique with a stainless ste2l wire 
and plastic, semiflexible bougies (Savary M, Derson- 
al communication). 


For “soft” strictures secondary to peptic esopha- 
gitis, the Hurst or Maloney mercury-filled, rubber 
bougies are adequate.” Often, the patient can 
dilate his own stricture with these bougies. 


Open-tube esophagoscopes (or bronchascopes) 
are often used to dilate short, soft strictures. The 


flexible fiberscope should not be used as a dilating 
instrument. However, guide wires can be passed 
through the fiberoptic esophagoscope and through 
the stricture under direct vision and preferably with 
fluoroscopic guidance.”? Metal bougies and distensi- 
ble balloons can be passed over the wires and very 
satisfactory dilation achieved (Hughes RW, per- 
sonal communication). We can expect new. ad- 
vances in the techniques for dilating esophégeal 
stenoses. However, it is important to..em/phasize 


that bougies and other dilators (except Maforiey and. 


. 


Hurst dilators) must never be passed blindly. 


MOTOR DISORDERS , 


Manometry has clearly shown that achalasia is a 
combination of motor failure of the esophagus and 
absence of relaxation of the lower sphincter.” If 
perfused polyvinyl tubing is used to record pres- 
sures, some patients with achalasia have increased 
pressures at the LES.” 


The cause of achalasia (except in Chagas’ disease) 
remains obscure. Methods of treating this disorder 
are designed to weaken the lower sphincter, either 
by forceful dilation or by myotomy. Both methods 
are effective, but they require considerable skill. In 
recent years, surgical treatment has been preferred 
because of more uniformly favorable results in a 
five-year-period of observation. 

The myotomy should be esophageal, not gastric.** 
Extensive myotomies usually lead to reflux esopha- 
gitis and stricture. Our feeling is that antireflex sur- 
gical procedures are neither necessary nor desirable 
when myotomy is performed for achalasia. 


Properly performed pneumatic dilations have a 
place in the management of achalasia. There is cer- 
tainly a case for trying a pneumatic dilation before 
resorting to surgery.” However, surgical therapy 
is the treatment of choice in children, in patients 
with pain as the primary symptom, and in those 
who have manometric signs of vigorous achalasia. 
Obviously, surgical treatment should be used in pa- 
tients who have not responded to dilation or who 
have had recurrent symptoms. 


Diffuse spasm is a very different disorder.” 
Esophageal contractions are simultaneous, repeti- 
tive, and powerful in the smooth-muscle portion of 
the organ. The lower sphincter relaxes normally. 
Diffuse spasm is manifested clinically by substernal 
pain, tends to occur in nervous persons, and may be 
associated with peptic ulcer, biliary or pancreatic 
disease, and hiatal hernia. 


The treatment of diffuse spasm is much less satis- 
factory than that of achalasia. Dilation is of very lit- 
tle value. Long myotomies extending up to the arch 
of the aorta may relieve symptoms in about 60% of 
patients.” 


Some patients have clinical features and mano- 
metric characteristics of both achalasia and diffuse 
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spasm.** Often, the roentgenographic appearance 
suggests diffuse spasm. Contractions are simultane- 
ous, and there may be some relaxation of the lower 
sphincter, but premature contraction often takes 
place. Forceful dilation is not recommended for this 
syndrome. Results with esophagomyotomy are com- 
parable with those obtained in classic achalasia. 
Recently, a patient with vigorous achalasia was 
reported to have had marked relief of pain and dys- 
phagia” after administration of nifedipine. A Euro- 
pean study suggested that the drug may be useful in 
diffuse spasm and achalasia.*° 


PULSION DIVERTICULA 


Pharyngoesophageal diverticula arise in the hy- 
popharynx just above the cricoid sphincter. Evi- 
dence suggests that malfunction of this sphincter is 
the probable cause of the diverticulum.?! Mano- 
metric studies demonstrated that the sphincter con- 
tracts prematurely during swallowing and thus pro- 
duces a physiologic obstruction.*? The validity of 
this concept was recently challenged.” However, 
myotomy has been effective as a definitive treat- 
ment for small pharyngoesophageal diverticula. Re- 
lief of dysphagia may be obtained without resection 
of the diverticulum.** 


Epiphrenic diverticula are usually asymptomatic 
unless they are associated with a motor disorder of 
the esophagus.** Motility studies are indicated 
whenever surgery is to be considered.’ Achalasia or 
diffuse spasm is often present with symptomatic di- 
verticula. Myotomy is essential, and an associated 
hiatal hernia should be repaired.” Diverticulec- 
tomy is optional unless the diverticulum is of good 
size. 


GASTROESOPHAGEAL REFLUX 


Reflux is one of the most common and distressing 
causes of dyspepsia. It is associated with incompe- 
tence (and usually hypotension) of the LES,‘ and it 
may or may not be associated with hiatal hernia. 
Reference has already been made to the factors that 
appear to influence the pressure elevation at the 
LES. It is likely that a combination of neural, 
humeral, and anatomic abnormalities cause incam- 
petence of the sphincter. 


When symptoms such as substernal burning or 
pain, sour regurgitation, and nocturnal choking or 
cough are present,” the fact that significant reflux 
is taking place should be established. Unfortunate- 
ly, the patient’s complaint of heartburn is poorly 
correlated with the actual amount of irritation or 
inflammation of the esophageal mucous membrane.° 
Roentgen examination and esophageal motility 
studies help demonstrate reflux, but they are not as 
valuable as pH measurements in the lower esoph- 
agus.’ Esophagoscopy may reveal a normal-ap- 
pearing membrane despite severe heartburn. Biopsy 
of the mucosa is often useful in demonstrating mild 
esophagitis. 


Usually, pH studies of the lower esophagus are 
dore by placement of a glass electrode (pH probe) 
in tne lower esophagus about 5 cm above the esoph- 
agogastric junction.” After instillation of 300 ml of 
Q.1N hydrochloric acid into the stomach, the pa- 
tiert completes several maneuvers (such as deep 
breathing and Valsalva), and abdominal compres- 
sion is also applied.” If reflux is present, the pH 
decreases to less than 4. 


The standard pH study, just described, is not en- 
tire.y reliable as an index of reflux. Twenty-four- 
hour pH monitoring gives much more accurate in- 
formation about the exposure of the esophageal mu- 
cous membrane to gastric acid.** The patient's 
symptoms are correlated with the continuous pH re- 
cording. Documentation of this sort is desirable if 
surgery is being considered. 


For most patients with symptoms of reflux, med- 
ical therapy is instituted. This consists of weight re- 
duction, elevation of the head of the bed, avoidance 
of fat, chocolate, alcohol, tobacco, and particular- 
ly, refraining from eating for several hours before 
bedtime. Antacids are very helpful in alleviating 
symptoms and apparently strengthen the LES. As 
mentioned previously, drugs that increase sphincter 
pressure are bethanechol, metoclopromide, dom- 
peridone, and carbenoxolone.*:'S Cimetidine, by in- 
hibiting gastric acid secretion, may also be useful. 


A further comment on nocturnal reflux is in 
order. Studies made during 24-hour pH monitoring 
have shown that reflux actually occurs more fre- 
quently during the daytime, when the person is up- 
right, than during the night, when he is recumbent.*° 
However, esophageal peristalsis occurs ten times 
more frequently during waking hours (72 times per 
hour) than when the person is asleep (seven times 
per hour). Thus, the total time of exposure of the 
esophageal mucosa to gastric acid is much greater at 
night. Hence, the frequency of peristalsis is of para- 
mount importance in the clearing of acid secretions 
from the esophagus and is closely related to the in- 
cidence of reflux esophagitis. 


Pulmonary aspiration associated with reflux may 
cause hoarseness, cough, wheezing, and pneumoni- 
tis. Evidence suggests that the incidence of 
respiratory symptoms and complications may be re- 
lated to the frequency of esophageal peristalsis and 
the integrity of the swallowing mechanism. It is 
wel known that older persons and others with fee- 
ble peristalsis or other disturbances of esophageal 
motility are subject to aspiration pneumonitis. 
Herce, proper management of reflux in such pa- 
tients is of particular importance. 


Fundoplication procedures are widely used for 
the surgical management of reflux. The Belsey, Nis- 
sen. and Hill techniques appear to be equally ef- 
fective in restoring the competence of the LES. 
However, surgery should be reserved for patients 
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who cannot be managed successfully with medical 
measures. 


ESOPHAGEAL VARICES 


In 1939, Crafoord and Frenckner*! reported the 
first successful injection of esophageal varices with a 
sclerosing solution through an esophagoscope. Us- 
ing their technique, Moersch? began to inject 
esophageal varices with sodium morrhuate during 
the following year, and by 1947 he had treated 22 
patients who had had bleeding from varices. Good 
results were obtained in 12 patients. Most of the pa- 
tients with continued bleeding had associated gas- 
tric varices that could not be injected. 


With the development of surgical techniques 
(especially portocaval shunts), interest in endo- 
scopic treatment lagged, and little was written 
about sclerosing treatment for about 20 years. 
When it became apparent that surgical treatment 
left much to be desired, there was a renewal of in- 
terest in endoscopic sclerotherapy. 444 Recently, the 
needles used for injection have been passed through 
a fiberscope.*>:* 


Hughes and his colleagues*® reported on a series 
of 75 patients with bleeding esophageal varices who 
were treated by sclerotherapy. Ethanolamine (5 % ) 
was the sclerosing agent. An average of six -o eight 
treatments were required to obliterate the varices. 
About 10% of the patients had one or more com- 
plications, including esophageal ulcer, strictures, 
pneumonitis, mediastinitis, and febrile reactions. 


For years, it has been known that balloon tam- 
ponade with Sengstaken-Blakemore, Linton-Nach- 
los, or Minnesota tubes temporarily controls bleed- 
ing from esophageal varices. Also, vasopressin (Pi- 
tressin) given intravenously may control bleeding 
for short periods. Recently, Lebrec and asscciates’” 
reported that oral propranolol apparently reduces 
the incidence of recurrent hemorrhage from var- 
ices. Presumably, propranolol reduces portal pres- 
sure. Further studies are necessary to confirm the 
findings. 


VOMITING AND THE ESOPHAGUS 


Emesis is a common symptom of many disorders 
that affect mankind. It may occur with infectious 
diseases, various types of gastroenteritis, neurologic 
disturbances, and any disorder of the stomach or in- 
testine that causes obstruction. Fortunately, vomit- 
ing usually is short-lived and causes little harm. 
Prolonged vomiting may not only cause serious nu- 
tritional disturbances but may also produce esopha- 
geal lesions. The esophageal problems are chiefly 
related to the regurgitation of gastric and intestinal 
secretions, especially gastric acids. 


Violent vomiting, which may cause rupture of 
the lower esophagus (Boerhaave’s syndrome), oc- 
curs most often in association with alcoholism. The 


clinical picture of severe chest pain, shock, and 
usually left hydropneumothorax is well known and 
should lead to an early diagnosis. Immediate sur- 
gical attention is essential, with thoracotomy and 
repair of the rent in the lower esophagus.** 


Less violent and more prolonged vomiting may 
cause lacerations at the esophagogastric junction 
(Mallory-Weiss syndrome) .*? Like traumatic perfor- 
ations, these lacerations are often related to in- 
creased esophageal and gastric pressure, and they 
are frequently associated with hiatal hernia. Hem- 
orrhage is the most important symptom and may be 
manifested by hematemesis or melena or both. The 
lacerations are difficult to identify by radiologic 
techniques and often are not easy to demonstrate 
with open-tube esophagoscopy. With the flexible fi- 
beresophagogastroscope, the lesions are easier to 
identify. Nevertheless, the Mallory-Weiss lacera- 
tions usually are seen for the first time at autopsy. 


Bleeding from the Mallory-Weiss tears is difficult 
to control with tamponade, especially when hiatal 
hernia is associated. Recently, electrocoagulation® 
or laser photocoagulation*' has been used with con- 
siderable success to control the bleeding. 


Prolonged vomiting after surgical procedures or 
with pregnancy often produces long strictures that 
are difficult to dilate even when it is possible for the 
patient to swallow a thread. Such vomiting not only 
causes peptic stenosis but also results in shortening 
of the esophagus.*? Because of continued reflux, a 
satisfactory esophageal lumen is difficult to main- 
tain, and many of these patients require surgery. 
Interpositions of small or large bowel and Roux-en- 
Y gastric drainages may be necessary but are fraught 
with considerable hazard and frequent complica- 
tions. 


Much has been written about columnar-lined 
epithelium (Barrett) in the esophagus. It is likely 
that most patients with this disorder have had ulcer- 
ative esophagitis. The high incidence of carci- 
noma associated with the Barrett esophagus is a 
matter of record.*3 


CANCER OF THE ESOPHAGUS AND CARDIA 


The outlook for esophageal malignancies is still 
grim despite advances in surgical techniques and 
the use of roentgen therapy. Irradiation may pro- 
vide temporary relief of symptoms, especially in the 
upper esophagus. ** 


From the endoscopist’s point of view, improve- 
ments in technique for intubation of the patient 
who cannot be operated on are worthy of comment. 
Celestin®* has modified his tube to prevent upward 
migration of the prosthesis. Recently, the Atkinson 
tube and Nottingham introducer have been used 
with considerable success (Hughes RW, personal 
communication).** Otherwise, periodic dilation is 
necessary to maintain an esophageal lumen. 


ESOPHAGOLOGY: AN UPDATE 599 


FOREIGN BODIES 


Endoscopists experienced with the flexible fiber- 
scope continue to devise new instruments and 
methods of handling esophageal foreign bodies. 
Forceps, baskets, and snares that can be passed 
through the fiberscope are being improved, and 
there are many case reports of successful foreign 
body removal with the fiberscope. Meat impaction 
is being treated with meat tenderizers, with in- 
travenous glucagon injections, or by “pushing” the 
bolus into the stomach with the endoscope. Also, by 
introduction of overtubes past the cricoid level, as 
previously mentioned," the endoscope and forceps 
can be inserted into and removed from the esopha- 
goscope repeatedly, and the “muzzle-loaded jumbo 
forceps” can be used for foreign body extraction. 


COMPLICATIONS OF INSTRUMENTATION 


The risks of perforation of the esophagus by 
passage of an open-tube esophagoscope are well 
known. Esophageal “splits” occur most frequently 
in the upper esophagus as the instrument is in- 
troduced. If hypertrophic changes in the cervical 
vertebrae are present, the chance of perforation is 
greater. Such accidents are less likely with the 
fiberscope,*” but they may occur even if the 
operator is very skilled. 


The incidence of perforation during dilation of 
benign strictures should be very low unless the pro- 
cedure is carried out blindly. Complications after 
forceful dilation for achalasia occur in about 5% of 
cases.23 Perforations are related to the number of 
dilations performed for each patient.” 


The treatment of esophageal perforations is pri- 
marily surgical, but in small “leaks,” antibiotics 
may control the infection. Certainly, if gross evi- 
dence of perforation is present in the upper esopha- 
gus (upper substernal pain, fever, tenderness in the 
neck, and subcutaneous emphysema), the supemior 
mediastinum should be drained.*® Obvious perfora- 
tions of the midesophagus and esophagogastric 
junction should be treated by thoracotomy or extra- 
pleural drainage.** Patients with cancer who have 
perforations after dilation can often be treated with 
antibiotics (Hughes RW, personal communication). 


CHEST PAIN AND THE ESOPHAGUS 


Various types of chest pain may be associated 
with esophageal disorders. The discomfort accam- 
panying reflux esophagitis is characteristic and is 
unlikely to be confused with chest pain of cardio- 
vascular origin. This is not the case, however, with 
esophageal dysfunction that produces both pain 
and manometric changes. Early or vigorous achala- 
sia and diffuse spasm may cause pain that mimics 
angina pectoris. However, substernal chest pain 
also occurs when there are manometric abnormali- 
ties that are not typical of these entities. When asso- 
ciated with pain,* these nonspecific findings are 


likely to be peristaltic contractions of high ampli- 
tude, often repetitive and of considerable duration. 
Dysphagia may or may not be associated. 


In most patients with atypical chest pain, coron- 
ary disease can be verified or excluded with electro- 
cardiography or some type of stress test. In some in- 
stances, however, it would be helpful if chest pain 
of esophageal origin could be provoked (and sup- 
porting manometric evidence obtained) by injection 
of a pharmacologic agent. Ergonovine appears to 
be such a drug but is hazardous because it also can 
precipitate coronary artery spasm.°° At present, 
edrophonium (Tensilon) appears to be the best drug 
available for provoking esophageal pain and com- 
patible manometric changes. 


INDICATIONS FOR FLEXIBLE 
AND RIGID ESOPHAGOSCOPES 


In my opinion, the flexible fiberoptic endoscopes 
are primarily diagnostic instruments, and for this 
use they are vastly superior to the rigid tubes except 
in the upper esophagus. The length and flexibility 
of the fiberscope enables the examiner to inspect the 
esophagus, stomach, and duodenum. The fiber- 
scope is certainly the instrument of choice in search- 
ing for the cause of unexplained hematemesis, par- 
ticularly in the intervals between episodes of bleed- 
ing. The fiberscope is excellent for evaluation of 
esophagitis and gastritis, and it is very suitable for 
inspection of hiatal hernias and lesions near the 
esophagogastric junction. Biopsy specimens are 
smaller but usually adequate, and brushes can be 
passed for the collection of cytologic material. 


The open-tube rigid esophagoscope is still the 
preferable instrument for inspection of lesions near 
the pharyngoesophageal junction. For most types of 
therapy, including foreign body removal, it is the 
preferable instrument. However, it is quite possible 
that esophageal varices can be injected just as well 
through the fiverscope, and instruments for electro- 
therapy or laser beams apparently can be passed as 
easily through the fiberscope. If an endoscope is to 
be used for dilating stenoses, the rigid instrument is 
obviously preferable. Once a diagnosis has been 
made and a thread passed into the small intestine, 
no endoscope is necessary. However, it may be de- 
sirable to perform dilations with fluoroscopic guid- 
ance. If difficulty is experienced in getting a thread 
past the obstruction, both an esophagoscope (either 
rigid or flexible) and fluoroscopy are necessary to 
pass a guide wire through the stenosis. Guide wires 
should not be passed blindly. 


SUMMARY 


Great progress has been made in the diagnosis 
and management of esophageal disorders. Esopha- 
gologists should be familiar with the newer know- 
ledge of the physiology and pharmacology of the 
esophagus and its sphincters, and they should also 
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be acquainted with the various techniques available 
for the study of esophageal disorders. Ideally, 
esophagologists should be proficient in the use of 
both rigid and fiberoptic endoscopes, and they 
should certainly be aware of the hazards of passing 


the tubes and all of the other equipment that can be 
inserted through the esophagoscope. Finally, they 
should be ever mindful of the basic principles of en- 
doscopy enunciated by Chevalier Jackson many 
years ago. 
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CORRECTION 


In Part 2 of the September-October issue of the Annals (1982; 9] Suppl 97) an error appears in the article “Cochlear and Otoconial Ab- 


normalities in Capsular Otosclerosis with Hydrops” by L-G. Johnsson, MD; J. E. Hawkins, 


Jr, DSc; R. C. Rouse, PhD: and F. H. Lin- 


thicum, Jr, MD. On page 14, column 2, paragraph 4, the seeond sentence reads There appeared to be no relation between the amount of 
endosteum involved and the degree of sensorineural degeneration. It should read There appeared to be a relation between the amount of 


endosteum involved and the degree of sensorineural degeneration. 
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OBSERVATIONS ON SO-CALLED IDIOPATHIC 
VOCAL CORD PARALYSIS 


PAUL H. WARD, MD GEORGE BERCI. MD 


Los ANGELES, CALIFORNIA 


A series of 238 patients with laryngeal paralysis seen during a six-year period (1976-1982) were studied with serial 16-mm motion pic- 
ture filmstrips. There were 39 cases in which no etiological disease process could be found responsible for the paralysis; these were called 
“idiopathic.” In all 39 cases, both the superior and recurrent laryngeal nerves were paralyzed indicating that the lesion involved the central 
(nuclear) lower motor neurons of the dorsal and ventral nucleus ambiguus. The high incidence of upper respiratory infections suggests a 
Viral etiology in many cases. The ability to separate a pure recurrent from a combined superior and recurrent laryngeal paralysis on mor- 
phological indirect endoscopic appearance has significant diagnostic and therapeutic implications. 


INTRODUCTION of the physiological mechanisms of the larynx in 
health and disease can be facilitated by a brief ana- 


Paralysis of one or both vocal cords is a sign, nota ; 
f tomical review. 


disease. This sign is most often related to a disease 
involving the vagus nerve or its branches some- 
where along their courses in the brainstem, neck, or REVIEW OF ANATOMY 
mediastinum. After extensive evaluation anc work- 
up, there remain cases for which no eticlogical 
agent or disease can be found to be responsible for 
the paralysis or paresis. These cases have been la- 
beled “idiopathic” laryngeal paralysis." * Major in- 
terest has centered around the known organic 
causes of vocal cord paralysis and relatively little 
has been written concerning the characteristics and 
behavior of the idiopathic group. This investigation 
is devoted to the study of a select group of cases: the 
incidence; the anatomical, pathophysiologicel char- 
acteristics of the paralysis; and the prognosis are 


The cartilage structures of the larynx are held to- 
gether by muscles and fibroelastic tissue covered 
and lined by mucosa. Two large cartilage masses, 
the cricoid and thyroid, along with the smaller 
paired arytenoids, make up the major superstruc- 
ture of the larynx (Fig. 1). The epiglottis and the 
corniculate and cuneiform cartilages probably play 
less important roles in the function of the larynx. 
The intrinsic laryngeal muscles are divided for de- 
scriptive purposes into the abductors, adductors, 
and tensors of the vocal cords. The abductors of the 
vocal cords are the paired posterior cricoarytenoid 


discussed. muscles which, upon contracting, rotate the vocal 

Of significant diagnostic and therapeutic impor- process outward. The adductors include the paired 
tance is the striking finding of 39 cases of paralysis lateral cricoarytenoid muscles, which turn the vocal 
in which no organic etiology could be found and in process inward: the interarytenoid muscle extends 
all of which there was a paralysis or paresis of both between the two arytenoids which, upon contrac- 
the external branch of the superior and reeurrent tion, pulls the arytenoids together; the internal and 
laryngeal nerves. Arthritis of the cricoarrtenoid external thyroarytenoid muscles make up the bulk 
joint and intrinsic lesions (ie, tumors) of the larynx of the vocal cords and also serve as tensors. The ex- 
cause immobile vocal cords but will not be categor- ternally located cricothyroid muscles, upon con- 
ized with vocal cord paralysis. traction, tilt the thyroid upon the cricoid cartilage, 


tensing and lengthening the vocal cords. Passive 
motion caused by flow of air and other motions in- 
duced by the extrinsic laryngeal muscles play less 
important roles in the position of the vocal cords. 


The larynx is a remarkable and complex st-ucture 
serving as the protective gate to the lower respira- 
tory tract. Originally serving solely as a sphincteric 
organ, as is still the case in many lower animals. it 


has been adapted to produce sounds in many ani- The larynx is supplied by the paired superior and 
mals and speech in man. Interference with the recurrent laryngeal nerves derived on each side 
nerve supply to the larynx in humans results in from the vagus nerve trunks (Fig. 2). The lower 
varying degrees of voice alteration, hoarseness. motor neurons forming the vagus and, in turn, the 
change in appearance of the larynx, dysfunction of superior and recurrent laryngeal nerves have their 
swallowing, and aspiration. A better understanding origin in the dorsal and ventral nucleus ambiguii. 
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Fig. 1. Major suprastructure of larynx, showing contrac- 
tion of cricothyroid muscle tilting thyroid cartilage on cri- 
coid cartilage. Vocal cord is tensed and lengthened. 


The two superior laryngeal nerves leave the vagus 
trunks on each side of the neck just below the no- 
dose ganglion. They pass down and behind the ca- 
rotid artery and curve forward toward the larynx. 
Each superior laryngeal nerve divides into the inter- 
nal and external branches. The internal branches 
penetrate the thyrohyoid membrane and supply the 
supraglottic portion of the larynx with secretory 
and sensory fibers. The motor fibers of the superior 
laryngeal nerve are contained within the external 
branch which accompanies the superior thyraid 


Fig. 2. Several pairs of laryngeal muscles are 
supplied by two pairs of motor nerves arising 
from vagus trunk. Relationships of recurrent lar- 
yngeal nerves to trachea and thyroid gland and 
entrance into larynx are shown in posterior view 
of laryngopharynx (left). Superior laryngeal 
nerve supplies motor fibers only to cricoid mus- 
cles on each side through its external branches. 
Internal branches contain secretory and sensory 
fibers supplying supraglottic portions of larynx 
on their respective sides. 





artery mcving caudally, inferiorly, and medially, to 
supply the cricothyroid muscle on each side. 


The two recurrent nerves are the major motor 
nerves su>plying the intrinsic muscles of the larynx. 
They alsc carry sensory and secretory fibers to the 
glottic, s.bglottic, and upper trachea. The right re- 
current rerve initially pursues a different course 
from the eft, leaving the vagus trunk at the level of 
the subclavian artery, passing backwards around 
the artery, and ascending medially and obliquely to 
the poste-ior lateral side of the trachea. The left 
recurrent nerve arises from the vagus trunk on the 
left side cf the aorta, winds around the aorta at a 
point where the ligamentum arteriosum is attached, 
then ascends along the lateral wall of the trachea. 
Both nerves pass upward in their respective tracheo- 
esophageal grooves, developing a close and variable 
relationship with the posterior aspect of the thyroid 
gland and the inferior thyroid artery. The close re- 
lationship and proximity of the recurrent and ex- 
ternal brench of the superior laryngeal nerves to the 
thyroid g and invite frequent injury during thyroid 
surgery.” 


During quiet respiration the vocal cords remain 
abducted and move minimally up and down with 
inspiration and expiration. Abduction is empha- 
sized furtver during deep inspirations. During pho- 
nation the vocal cords are adducted, tensed, and 
lengthened (Fig. 1). Motor fibers passing within the 
recurrent nerves are responsible for supplying the 
intrinsic adductor muscles, while fibers initiating 
contractien of the cricothyroid muscles and thereby 
tensing ard lengthening the vocal cords pass through 
the extemal branches of the superior laryngeal 
nerves. Tae midline position of the vocal cords pro- 





___R. recurrent 
laryngeal n. 


! 
L. recureent laryngeal n. 
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CONVENTIONAL WORK-UP OF PARALYZED 
VOCAL CORD 


History 
Physical 
Laboratory studies 
Chest x-ray 
Barium swallow 
T3, T4, TSH scan and uptake 


CBC, ESR, Het, 
FAT, FBS 


Laryngoscopy 

Bronchoscopy 

Esophagoscopy 

Mediastinoscopy (when indicated) 


vides resistance to airflow until pressure Euilds up 
and then separates the cords. Separation of the 
cords reduces the pressure and allows them to re- 
turn to the midline position. This process is repeti- 
tious, thus producing cordal oscillations and sound. 
The sounds are modified and speech is produced by 
the resonating qualities of the pharynx, nasophar- 
ynx, mouth, and other structures. Interfereace with 
delicate coordination of the intrinsic and extrinsic 
muscles of the larynx, or with the innervazion and 
musculature of the pharynx, soft palate, tongue, or 
lips, alters phonation. 


Secretory and afferent sensory fibers also are 
present in the superior and recurrent laryngeal 
nerves and play an important part in vocal reflexes 
and in reflex closure of the larynx to prevent aspira- 
tion.® 


Paresis and paralysis of the larynx occurs with 
disease involvement anywhere along the pathway 
of the lower motor neurons from their origin in the 
medulla oblongata (dorsal and ventral nuclei am- 
biguii), through the vagus trunk, or the superior 
and recurrent laryngeal nerves. Disruptior and in- 
terference with these neural pathways at various 
levels result in a variety of physical symptoms and 
alterations in appearance and function of the lar- 
yni" 


CRITICAL POINTS IN DIAGNOSIS 


The importance of recognizing the dynanic posi- 
tioning of the vocal cord and the lesion or combina- 
tion of lesions responsible cannot be overempha- 
sized. The literature is replete with poorly under- 
stood descriptions of various static cordal p sitions. 
The possible combinations of partial or complete 
paralysis of four nerves with reinnervation. con- 
tracture, and atrophy have made accurate assess- 
ment and correct understanding of these variable 
lesions almost impossible without cinematc graphic 
study. Documentation of the behavior and dynamic 
appearance of the larynx and correlation oë this in- 
formation with specific localized injury to the 
nerves has helped to clarify and provide a better 
understanding of some types of laryngeal paralysis.”* 
The addition of electromyographic studies to fur- 
ther assess, confirm, and document the activity of 


the laryngeal musculature should add to our knowl- 
edge and diagnostic acumen. 


An understanding of the appearance and behav- 
ior of the larynx in central and peripheral neural le- 
sions is of great diagnostic significance.’ The con- 
ventional work-up previously outlined by most au- 
thors for a paralyzed vocal cord can be modified for 
each patient if the examining physician can dif- 
ferentiate between a pure recurrent nerve paralysis 
and a combined superior and recurrent nerve paral- 
ysis. The history and physical examination (includ- 
ing indirect laryngoscopy) remain the mainstay in 
diagnosis for all patients.'®"'! Those patients having 
a pure recurrent nerve paralysis with an intact su- 
perior laryngeal nerve can have their evaluations 
modified to disregard central nervous system dis- 
ease. Attention and investigation are devoted to the 
neck, mediastinum, and chest (Table). In this latter 
situation there is little need to search at the base of 
the skull or intracranially since, when the lesion or 
disease is central, the recurrent motor paralysis will 
be accompanied by a superior laryngeal motor pa- 
ralysis. By contrast, when there is paralysis of both 
the superior and recurrent laryngeal motor nerves, 
the lesion (if a single lesion) has to be high in the 
neck, at the base of the skull, or located intracra- 
nially. Triple endoscopy, thyroid scans, and x-ray 
films of the chest and esophagus are not likely to 
produce information of value and are not cost-effec- 
tive in the evaluation of central lesions. 


This communication deals solely with recognition 
of unilateral paralytic and paretic, isolated and 
combined lesions. In analyzing the paresis or paral- 
ysis, it is critical to recognize the dynamic appear- 
ance of the larynx. As demonstrated in a film and 
exhibit presented to the American Academy of Oph- 
thalmology and Otolaryngology in October 1976," 
certain recognizable positions and motions of the 
larynx are predictable when specific surgical dam- 
age to the superior and recurrent laryngeal nerves is 
present. 


Sectioning of a single recurrent nerve in the lower 
neck results in a cord resting in the paramedial (me- 
dian) position (Fig. 3). During inspiration, it re- 
tains this position while the opposite and normally 
behaving cord abducts to provide a marginal to 
adequate airway. During phonation there is a tens- 
ing and lengthening of the paralyzed cord caused by 
the contraction of both cricothyroid muscles which 
tilt the thyroid on the cricoid cartilage. Since this 
tensing motion is present in both cords. it goes un- 
noticed unless looked for specifically. The intact 
cord moves toward the midline and approximates 
the paralyzed cord in its paramedial position. With 
forced expulsion of air, both cords vibrate and may 
appear grossly normal. The initially observed 
hoarseness readily disappears. After compensation, 
the speaking voice may be almost normal. Loss of 
the delicate coordination of the intrinsic muscles on 
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Fig. 3. Serial photographs from 16-mm motion pictur 
film of patient with pure recurrent nerve paralysis second 
ary to surgical division of nerve. Vocal cord is in para 
medial (median) position. During inspiration it retains thi 
position while opposite cord abducts producing a margin 
ally adequate airway. During phonation there is tensin 
and lengthening of both cords produced by contraction o 
both cricothyroid muscles tilting thyroid on cricoid carti 
lage. There is also a slight amount of adduction secondar 
to contractions of bilaterally innervated interarytenoie 
muscle. 


one side of the larynx, however, severely impairs ef- 
forts to sing. Questioning the patient with recurrent 
laryngeal nerve paralysis concerning the onset of 
impairment of ability to sing may provide valuable 
medical data in identifying the onset of paralysis. In 
addition to the tensing and lengthening of the pa- 
ralyzed cord during phonatory effort, there is also a 
slight amount of adduction secondary to contrac- 
tion of the bilaterally innervated interarytenoid 
muscle. '? 


Complete unilateral superior and recurrent la- 
ryngeal nerve paralyses probably should be divided 
into two subgroups based upon current clinical and 
theoretical probabilities. The two subgroups consist 
of paralyses caused by those lesions involving 1) the 
external motor branch of the superior laryngeal 
nerve and the recurrent nerve, and 2) both internal 
and external branches of the superior laryngeal and 
recurrent nerves. The first subgroup is a central 
lower motor neuron paralysis in which the lesion or 
disease involves the dorsal and ventral nucleus am- 
biguus and can selectively spare the sensory and se- 


> 
7 
Pr 





Fig. 4. Serial photographs from 16-mm motion picture 
film of patient with idiopathic vocal cord paralysis. Both 
superio? and recurrent arcea nerves are paralyzed. 
During phonation contraction of opposite intact cricothy- 
roid muscle produces an asymmetry of thyroid-cricoid car- 
tilage tit with lengthening and tensing of innervated cord. 
Pensed normal cord is thus at a different level than flaccid 
paralyzed cord, which may have an injected appearance 
due to 1yperemia. There is an asymmetrical shift of pos- 
terior lerynx toward paralyzed side during phonation. 


cretory pathways. When there is a complete ab- 
sence of motor, sensory and secretory function of 
the superior and recurrent laryngeal nerves, the le- 
sion is most likely an extracranial peripheral lesion. 
The known causes of unilateral complete sensory 
and motor paralysis studied in this investigation 
have been in cases of central nervous system disease 
(ie, Arncld-Chiari malformation and W allenburg’s 
medullary infarction) or resection of the vagus 
nerve during temporal bone resection for cancer. 
Some cases of resection of schwannomas of the 
vagus nerve and other tumors in the neck fell into 
both categories. In other words, when all sensory, 
secretory. and motor function is lost, the nerve 
trunks om both branches of the superior and recur- 
rent nerves were involved. Lesions of the nuclei as 
seen in some CNS diseases and in all of the idio- 
pathic ceses may have only motor loss with sparing 
of secretery and sensory function. 


In patients with a combination of superior and 
recurren‘ laryngeal nerve paralysis, phonation pro- 
duces a breathy or whispery voice due to air leakage 
between the normal and the intermedial (lateral) 
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position of the flaccid, nontensed paralyzed cord 
(Fig. 4). During respiration, the cord is motionless 
in the lateral position and provides a better airway 
than with simple recurrent nerve paralysis. During 
phonation, the paralyzed cord retains the intermed- 
ial (lateral) position, except that there is a faint ad- 
duction in the posterior commissure area due to 
contraction of the bilaterally innervated interary- 
tenoideus muscle. The arytenoid portion of the ary- 
epiglottic fold falls medially overlapping and par- 
tially obstructing visualization of the posterior por- 
tion of the flaccid cord. In only one case was there 
suggestive wrinkling of the flaccid cord. A bowed 
contour better describes its appearance. The con- 
traction of the opposite intact cricothyroid muscle 
produces an asymmetry of thyroid-cricoid cartilage 
tilt with lengthening and tensing of the innervated 
cord. The tensed normal cord is thus at a cifferent 
level than the flaccid paralyzed cord, which may 
have an injected appearance due to hyperemia. 
Recognition of these features and of the asymmetric 
shift of the posterior larynx of the intact side toward 
the paralyzed side, following contraction ard tilt of 
the thyroid upon the cricoid cartilages by the intact 
contralateral cricothyroid muscle, assists in recog- 
nizing the superior laryngeal nerve compcnent of 
the combined paralysis. There may be pooling of se- 
cretions in the pyriform sinus for some period of 
time. Aspiration is notably more severe in those 
cases in which there is known sensory denervation 
(ie, actual surgical division of the internal branch of 
the superior laryngeal nerve) of the ipsilateral su- 
praglottic portion of the larynx. 


When only the motor fibers of the external 
branches of the superior laryngeal nerve and the re- 
current nerve are paralyzed, the appearance of the 
larynx and the voice changes are similar but the 
management of secretions and aspiration is less se- 
verely affected. In addition to some central lower 
motor neuron lesions, this situation also occurs 
when both the recurrent and external branches of 
the superior laryngeal nerve are sectioned during 
thyroid surgery or other surgery in the necx. 


METHODS 


During the past ten years, the authors have seen, examined, 
and photographed the larynges of 238 patients with laryngeal 
paresis and paralysis. The majority of the patients have had 
several serial 16-mm motion picture films made over 2 period of 
months. The recent application of the Hopkins rod lens optic 
system (Storz Endoscopy of America) has made photegraphy of 
the larynx relatively simple.*° Careful review, including stop- 
frame analysis, of 605 filmstrips of these 238 cases has provided us 
with a better understanding of the dynamic appearance and func- 
tion of the larynx in the presence of various combinations of 
paresis and paralysis. Correlation with various injury and neuro- 
logical diseases was achieved in many cases but was not possible in 
others. The latter group forms the so-called idiopathic paralysis, 
the central subject of this communication. Follow-up was avail- 
able in all but seven of the idiopathic cases. The majority of these 
patients received the conventional work-up (previously outlined 
in the Table) unless the diagnosis was obvious. After becoming 


cognizant of the significance of a combined superior and recur- 
rent laryngeal nerve paralysis, only the patients with pure recur- 
rent nerve paralyses underwent the conventional work-up. In 
those patients with combined superior and recurrent laryngeal 
nerve paralysis attention focused upon a search for intracranial or 
base of the skull disease. 


RESULTS 


The most remarkable finding was that all 39 pa- 
tients with 44 paralyzed cords had paralysis or pare- 
sis of both the superior and recurrent laryngeal 
nerves. One patient experienced paralysis and re- 
covery of her left vocal cord three times. Two pa- 
tients had bilateral paralysis of the superior and re- 
current laryngeal nerves. One of these two patients 
sustained a paralysis of the right vocal cord fol- 
lowed by recovery, then a paralysis of the left cord 
which persisted, failed to compensate, and required 
Teflon injection. The patient with the second case 
of bilateral paralysis had a successful reinnervation 
followed by removal of her tracheostomy. 


The sex distribution of this series consisted of 108 
men and 132 women. The series reported in the lit- 
erature are about equally divided between those 
with a majority of either sex. Those series with a 
predominance of women attribute the selection pro- 
cess to the higher incidence of thyroid disease in 
women. The series reporting a predominance of 
men suggested a higher exposure to cold in a man- 
ner similar to that suggested for Bell’s paly.” 4 Of 
the idiopathic cases, there were 17 men and 22 
women. Thus, it would appear that the sex of the 
patient is not a significant factor. In contrast to 
other series, in our group the right recurrent nerve 
was affected more often than the left (ie, left 17, 
right 25). Twenty-three of the 39 patients experi- 
enced adequate return of voice such that no opera- 
tive procedure was required. Sixteen had partial or 
complete return of function of the cords. Seven pa- 
tients showed little return of function but compen- 
sation by the other cord was such that the speaking 
voice was satisfactory. Sixteen patients failed to 
have any noticeable recovery. Twelve of these pa- 
tients received Teflon injections of their vocal cords. 
All patients receiving Teflon injections had im- 
provement in the strength of their voices; however, 
a raspy diplophonia developed in two patients. In 
18 patients, a strong history was elicited of the 
paralysis or paresis accompanying an upper respira- 
tory infection or bronchitis. Four patients had been 
driving with the window open shortly before the 
onset of the paralysis. No history of possible related 
factors could be elicited from the remaining 17 pa- 
tients. 


DISCUSSION 


In previously published series of laryngeal pa- 
ralysis approximately 30 to 50% were cases in 
which no etiological factor for the paralysis could 
be found.'?* However, Clerf? reported an in- 
cidence of 36 out of 293 cases as being idiopathic. 
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This is slightly lower than the 39 out of 238 cases of 
laryngeal paralysis in our series. 


The prognosis for partial or complete recovery of 
vocal cord function is less than 50% ; however, the 
return of voice was satisfactory in 59%. Of the 16 
cases in which the voice was less than satisfactory 
and there was no return of function as well as in- 
adequate compensation, 12 received Teflon injec- 
tions of the paralyzed cord. Experience has shown 
that 80% to 90% of those patients sustaining a pure 
recurrent laryngeal nerve injury will get satisfac- 
tory return of voice through return of function or 
compensation. The patients with idiopathic paraly- 
sis (paralysis of both superior and recurrent laryn- 
geal nerves) have less successful restoration of voice 
following Teflon injections. Only 6 of the 12 pa- 
tients injected regained good speaking voices. Four 
were rather poor and breathy while two were un- 
satisfactory and developed a raspy diplophonia. 


Several patients showed beginning recovery of 
their paralyses two to three weeks after the onset of 
their paralyses and several others had partial func- 
tion when first seen, presumably at a similar period 
and after historical onset of the paralysis. The most 
common beginning of recovery was between five 
and six months. One patient was noted to begin re- 
covery at 11 months. Clerf? appears to be correct 
when stating that absence of evidence of motion at 
six months carries a poor prognosis for recovery. 


There were two additional cases classified as 
idiopathic laryngeal paralysis when initially seen. 
Both had a schwannoma of the vagus nerve detected 
three and five years after the initial idiopathic 
diagnosis was made. 


In contrast to other series and to our own series of 
traumatic paralyses, there was a slightly higher in- 
cidence of paralysis in the right vocal cord than the 
left. This is not significant and, as would be ex- 


pected cf a central or nuclear paralysis, the in- 
cidence s probably the same for both sides. There 
are no major anatomical differences as there are in 
the peripheral recurrent laryngeal nerves. 


Only 18 of the patients had the onset of the 
paralysis accompanied by an upper respiratory in- 
fection end four others had been exposed to cold 
and chilling weather. Nevertheless, idiopathic vocal 
cord paralysis unequivocally seems to be a CNS 
(nuclear lesion. In all probability it is similar in 
origin to other idiopathic cranial nerve palsies such 
as facial paralysis, loss of olfaction, and sudden 
deafness Viruses can cause a wide range of clinical 
manifestations. Different virus infections may also 
cause similar clinical pictures. For example, aseptic 
meningitis can be caused by a number of different 
viruses such as polio, Coxsackie, ECHO, and 
mumps. Many viral agents are known to infect man 
and not cause disease.'* Evidence to support the 
viral etielogy of isolated cranial nerve paralysis is 
scanty and primarily clinical but nevertheless at 
least some must be of viral etiology. 


Improvement in our diagnostic abilities to detect 
and separate isolated recurrent nerve paralysis from 
central ‘nuclear) lower motor neuron paralysis 
(both superior and recurrent laryngeal), should 
result in a significant decrease in the number of so- 
called idiopathic paralyses. Recognition of the pure 
recurren: nerve paralysis allows concentration of 
the diagnostic studies to the neck, mediastinum, 
and larynx as the sites for the disease process respon- 
sible for the paralysis. If there is a complete superior 
and recurrent laryngeal nerve paralysis, attention 
can be cirected to intracranial and immediate ex- 
tracranial locations for the etiological process. 
Cinephotographic studies of the larynx that allow 
repeated viewing and stop-frame analysis of the dy- 
namic pathophysiology of the vocal cords has con- 
tributed significantly to the localization of the le- 
sions in laryngeal paralysis. 
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CONGENITAL HEREDITARY BILATERAL 
ABDUCTOR VOCAL CORD PARALYSIS 


KENNETH M. GRUNDFAST, MD GREGORY MILMOE, MD 


WASHINGTON, DC 


Congenital hereditary bilateral abductor vocal cord paralysis has been found in a father. his son and daughter. Though the disorder 
was previously believed to be inherited in a sex-linked manner, it now appears that there is an autosomal dominant variant. The vocal cord 
paralysis was associated with swallowing difficulty during infancy in all three of the family members. Although both the son and daughter 
required tracheostomies during the neonatal period, both manifested improvement of vocal cord movement during infancy so that decan- 
nulation was possible before 14 months of age. Localized delay in neurologic maturation is suspected as the etiology. 


GENERAL CONSIDERATIONS sia. After direct laryngoscopy at age 4 months 
revealed normal vocal cord movement, the trache- 
ostomy tube was removed and the boy subsequently 
had no severe respiratory distress. 


Congenital bilateral abductor vocal cord paraly- 
sis can cause significant airway compromise in a 
neonate. Paralysis of one or both vocal cords can be 


the result of trauma during birth, or vocal cord The daughter was born Jan 23, 1980. She weighed 
paralysis can occur as part of a generalized neuro- 2,960 g and was born by repeat cesarean section. A 
logic disorder. Although evidence of vocal cord pa- high-pitched, low-volume cry was noted at birth. 
ralysis in a neonate traditionally has nct been Stridor and substernal and intercostal retractions 
viewed as a finding warranting full neurologic eval- soon became evident. Cyanosis and bradycardia oc- 
uation, abnormal motion of the vocal cords may be curred with feedings. A barium swallow examina- 
the initial manifestation of a previously undetected tion showed nasopharyngeal reflux. On the third 
neurologic disorder. day of life, direct laryngoscopy revealed right ab- 
ductor vocal cord paralysis and left abductor vocal 

CASE REPORT cord paresis. Tracheostomy was performed. At 2 

A father, then his son, and finally his daughter weeks of age auditory brainstem ee deen testing 
were born with breathing difficulty. The father, showed prolongation of central conduction time, 
born Oct 17, 1951. had a weak cry and could not more marked on the right than on the left. At age 14 


months, direct laryngoscopy revealed normal vocal 
cord movement, the tracheotomy tube was removed 
and the girl has had no further difficulty breathing. 


swallow properly during the first year of life. As an 
infant, he required gavage feedings to maintain ad- 
equate nutrition. The father did not undergo endo- 
scopic evaluation and, therefore, the diagnosis 
made to explain his symptoms was “laryngeal strid- 
or.” At around 1 year of age, he began to breathe 
with less difficulty and was able to swallow rormal- 
ly. 


DISCUSSION 
In a review of 389 cases of bilateral abductor 
vocal cord paralysis, including 149 infants and chil- 
dren, Holinger et al' reported only one family with 
an inherited vocal cord paralysis that was present at 
The son was born March 9, 1977. He weighed 3,600 birth. In 1964, Plott? reported bilateral abductor 


g and was delivered by cesarean section because of vocal cord paralysis in three brothers. Dysgenesis of 
cephalopelvic disproportion after a 39-week gesta- the nucleus ambiguus was suspected as the etiology. 
tion and uncomplicated pregnancy. The baby had In 1973, Watters and Fitch? reported the occur- 
stridor at birth. There was meconium in thé am- rence of bilateral abductor vocal cord paralysis in 
niotic fluid, the Apgar score was 7 at one minute, three male infants, a proband and two maternal 
and the neonate was noted to be lethargic, had dif- cousins. None of the children had tracheostomies 
ficulty feeding and developed cyanotic episodes. but all had marked physical and mental retarda- 
Direct laryngoscopy on the third day of life revealed tion. Based on the cases reported, it had been 
bilateral abductor vocal cord paralysis and a assumed that hereditary abductor vocal cord paral- 
tracheostomy was performed. In thé following ysis is transmitted as a sex-linked recessive or an au- 
days, additional observations during feeding and tosomal dominant gene with male sex limitation.’ 
radiographic studies led to the diagnosis of velopha- In the family presently reported a girl was born 
ryngeal incompetence and cricopharyngeal achala- with abductor vocal cord paralysis. Thus, it appears 
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that there is also an autosomal dominant form of 
the disorder. 


In 1976, Gacek* reported hereditary abductor 
vocal cord paralysis in a father and two sons who 
had required tracheostomy but did not have mental 
retardation. The disorder described in this report 
differs from “hereditary abductor vocal cord paral- 
ysis” described by Gacek.* Gacek described male 
family members who developed vocal cord paralysis 
from six months to nine years after birth. In con- 
trast, stridor with vocal cord paralysis (assumed to 
be the cause of the father’s stridor) was present at 
birth in the cases now reported. While the underly- 
ing etiology in the cases reported by Gacek appar- 
ently was an inherited neurodegenerative process, it 
seems that an isolated delay in neurologic matura- 
tion could explain the findings in the cases now he- 
ing reported. Gacek described a progressive familial 
disorder while the distinctive characteristics in the 
cases now being reported are paralysis present at 
birth, autosomal dominant mode of inheritance, as- 
sociated subtle neurologic abnormalities and im- 
provement of vocal cord motion with lessening of 
airway obstruction throughout the first year 0: life. 


In each of the three previous reports of hereditary 
abductor vocal cord paralysis, the site of lesion was 
considered. There seems to be general agreement 
among all authors that etiology of the vocal cord 
paralysis is dysgenesis of the abductor portion of the 
nucleus ambiguus. 


Considering that abductor vocal cord paralysis 
could be the earliest manifestation of a locelized 
neurologic disorder, the two children described in 
this report underwent objective and subjective as- 
sessment of neurologic function. The boy had a cine 
barium swallow examination and esophageal mo- 
tility testing. Abnormal deglutition with nasal 
reflux was evident on the radiographic study and 
the pharyngoesophageal manometric study re- 
vealed abnormally low pharyngeal pressure. The 
girl also had nasal reflux and a manometric study 
revealed dyskinesis of the upper esophageal sphinc- 
ter. Also, auditory brainstem response (ABR) testing 
in the girl at age 2 weeks revealed normal hearing 
sensation threshold with prolongation of wave I-V 
latency bilaterally. Repeat ABR at age 4 months 
showed more normal wave I-V latency in the right 
ear, while there was a more abnormal wave I-V la- 
tency in the left ear than had been evident at age 2 
weeks. The findings are subtle, yet significant. 


In a way, the ability to make a diagnosis and to 
determine the location and extent of related abnor- 
malities depends upon the manner in which the in- 
fant’s evaluation is approached. Many years ago, 
the neonate with stridor was usually diagnosed as 
having “congenital laryngeal stridor.” As en- 
doscopic methods improved, it became possible to 
assess laryngeal function more accurately. Conse- 
quently, infants with symptoms that once might 
have been collectively diagnosed as “laryngeal 


stridor” row can be examined in ways that enable 
more preeise diagnoses. Further, with the advent of 
such methods of objective assessment as ABR testing 
and pharyngoesophageal manometric studies, it is 
possible to elicit quantifiable evidence of dysfunc- 
tion that night otherwise not be apparent. Thus, at 
least in the father, son and daughter now reported, 
it appears that abductor vocal cord paralysis was 
not the result of an isolated dysgenesis in a minute 
area of the nucleus ambiguus. Rather, evidence of 
abnormalities of deglutition, esophageal motility 
and central auditory transmission seems to indicate 
a constel ation of functionally and anatomically 
related ebnormalities. This concept of related 
neurologiz abnormalities was considered by Hol- 
inger et al’ in a report on familial vocal cord 
paralysis occurring in association with peroneal 
museular atrophy (Charcot-Marie-Tooth disease). 
Holinger used measurements of nerve conduction 
velocity aad latency in the lower extremities to elicit 
objective evidence of neurologic dysfunction that 
otherwise might not have been apparent. 


Further, a recent report by Finitzo-Hieber et al‘ 
revealed that 5 of 6 patients diagnosed as having ad- 
ductor spasmodic dysphonia manifested abnormal 
latency parameters on ABR testing. This can be 
viewed a supporting the concept that a neonate 
with bilateral abductor vocal cord paralysis may be 
likely to manifest evidence of brainstem dysfunction 
in nuclei and tracts other than those specifically 
related to the vagus and recurrent laryngeal nerves. 


SUMMARY 


Three eases are presented involving infants who 
had stridcr at birth. Direct laryngoscopy in the son 
and daugnter revealed bilateral vocal cord paraly- 
sis; presumably, the father also had bilateral vocal 
cord paralysis. All had associated difficulties with 
swallowir g. Difficulty breathing was most severe at 
birth: then, as vocal cord movement improved, 
ability to breathe through the larynx improved dur- 
ing the first year of life. In contrast to previous 
reports?* of “hereditary” or “familial abductor 
vocal cord paralysis,” this report describes a con- 
genital condition. Apparently, there is an inherited 
tendency for delayed maturation in one neurologic 
subsystem. Most likely, the site of the abnormality is 
in the vic nity of the brainstem nuclei of the vagus 
nerve. 


CONCLUSIONS 


1. A raze disorder has been observed that can be 
termed congenital hereditary bilateral abductor vo- 
cal cord paralysis. 

9. Tracheostomy during the neonatal period may 
be necessery to maintain an adequate airway. 

3. Movement of the vocal cords slowly improves 
during the first year of life. 

4. Feeding abnormalities and objective evidence 
of neurolagic dysfunction within the brainstem may 
be associaced with the disorder. 
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ATLANTOAXIAL INSTABILITY REVISITED 
AN ALERT FOR ENDOSCOPISTS 


MARTIN L. NorTON, MD, JD 


ANN ARBOR, MICHIGAN 


MANHAL A. GHANMA, MD 


CLEVELAND, OHIO 


Atlantoaxial instability in rheumatoid arthritis patients presents a particular hazard for endoscopists. The basic pathology, while well 
known to orthopedists, is not common knowledge among bronchoesophagologists or anesthesiologists. This paper describes the syndrome, 
potential complications and possible approaches to avoiding serious neurologic sequellae. 


The endoscopist is routinely faced with the conse- 
quences of managing patients with multifaceted 
diseases. One of these, rheumatoid arthritis, has 
particularly serious aspects pertaining to endoscopy 
for diagnosis and therapy or endotracheal intuba- 
tion. 


Abnormalities of the atlantoaxial joint complex 
have been well documented in patients with rheu- 
matoid arthritis. It is the purpose of this paper to 
alert not only anesthesiologists but all laryngobron- 
choesophagologists to this potentially disastrous sit- 
uation. The precise definition of spinal instability 
has still not been agreed upon but certain general 
statements can be made. Clinical instability is de- 
fined as the loss of the capacity of the spine under 
physiologic loads to maintain relationships between 
vertebrae in such a way that there is neither dam- 
age nor subsequent irritation of the spinal cord or 
nerve roots and without development of incapaci- 
tating deformity or pain due to structural changes. ' 


DEMOGRAPHY 


Atlantoaxial instability (AAI) is present in one 
fourth of all patients with rheumatoid arthritis. The 
condition is more frequent in males.’ Its presence 
seems to be independent of the duration of the dis- 
ease and of the patient's age. The finding of AAI is 
more likely in patients who have severe peripheral 
rheumatoid involvement. Subluxation is by far 
more common than dislocation and the clinical 
symptoms are indirectly related to the degree of in- 
stability of “slip.” In one study,* 27 of 41 patients 
with subluxation, and 6 of 8 patients with disloca- 
tion, had central nervous system signs. Pain was 
present in 31 of 41 patients with subluxation and in 
6 of 8 patients with dislocation. These findings are 
consistent with more recent reports in the litera- 
ture.* From the above it is evident that several pa- 
tients had radiographic evidence of instability but 
had no pain or signs. 


Cleveland. 
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ANATOMY 


In the normal individual, integrity of the spine in 
the C-1 to C-2 area is maintained by the bony con- 
figuration as well as by ligamentous structures. 


The first cervical vertebra (C-1) is named the 
atlas after Titan in Greek mythology because it sup- 
ports the head. It is peculiar in that it has no body. 
It also has no spinous process, is ring-like and con- 
sists of an anterior and a posterior arch and two 
lateral masses. 


The second cervical vertebra (C-2) is named the 
axis or epistropheus because it forms the pivot upon 
which the first vertebra rotates. The dens or odon- 
toid process is an extension of the body of the second 
cervical vertebra which projects into the ring of C-1 
just posterior to the anterior arch of C-1 (Fig. 1). 


Of primary importance is the transverse liga- 
ment, which is a structure that attaches to both 
lateral masses behind the odontoid process of the 
axis, thereby preventing any posterior translocation 
or dislocation of the dens (odontoid process). This 
serves to protect the cord structures which lie im- 
mediately posterior. The second set of ligaments are 
the alar or wing ligaments. They are of question- 
able value in terms of providing mechanical stabil- 
ity but connect the odontoid process to the occipital 
condyles. The third set of ligaments are the cruciate 
ligaments which connect the axis to the border of 
the foramen magnum. The major motion at the C-1 
to C-2 articulation is rotation. It is estimated that 
approximately 47% of axial rotation occurs at this 
point. There is no lateral bending at C-1 to C-2. In 
the normal individual there is also anteroposterior 
shift of the atlas on the axis or vice versa. Approx- 
imately 10° of flexion-extension normally occurs at 


Cai to €-2. 


In the patient with rheumatoid arthritis, the dis- 
ease process affects the joints of the C-1 to C-2 ar- 


Ann Arbor, and the Department of Orthopedics, St. Luke's Hospital, 


May 3-4, 1982. 


568 NORTON & GHANMA 






Odontoid— 
Process of > 
Axis 





( 
Cruciate 
Lig. 







Transverse 
Lig. 





Fig. 1. Anatomy of atlantoaxial instabilty in severe 
peripheral rheumatoid arthritis. 


ticulation (atlantodental, atlanto-occipital, and at- 
lantoaxial joints). Subsequent to this, erosive 
changes occur in the odontoid process, along with 
weakening of the ligamentous structures there. The 
result is that neurological deficits or symptoms may 
ensue with definite instability of the spine. 


Fielding et al at Saint Luke’s Hospital in New 
York have demonstrated that significant force is 
necessary to disrupt the transverse ligament. When 
this occurs, the odontoid process moves posteriorly, 
thereby producing a free space anteriorly. This 
space between the anterior arch of the atlas and the 
anterior cortex of the dens measured 5 mm when 
the transverse ligament was ruptured (Fig. 2). The 
remaining ligaments could then be disrupted easily. 
If all the other ligaments were disrupted and the 
transverse ligament was still intact the maximum 
displacement was 3 mm. Although the space anter- 
iorly is a clue to the presence of instability, -he true 
determinant of neurologic deficit is the space avail- 
able for the cord (Fig. 3). This is measured between 
the posterior arch of the atlas and the odontoid pro- 
cess. The spinal cord itself measures approximately 
l cm in AP diameter at the C-1 level and approx- 
imately 2.2 cm in tranverse diameter. Damage to 
the cord can occur even if the available space is 
greater than 1 cm due to meningeal compression by 
the odontoid process.‘ 

Symptoms of instability at C-1 to C-2 include up- 
per neck pain, headaches, muscle weakness. incon- 
tinence, vertigo, nystagmus, dysphoria, anc finally 
death. The finding of instability at C-1 to C-2 oc- 
curs in approximately 25% of rheumatoid arthritis 
patients and seems independent of duration of the 
disease (Figs. 2 and 3). 


RADIOGRAPHY 


In patients with suspected AAI a cervical spine 
radiographic series is recommended. This should in- 
clude a lateral view of the cervical spine both in 





Fig. 2. Excessive mobility of odontoid process shown by 
apace between anterior arch of atlas and anterior cortex of 
dens (arrows). 


flexion and extension. It should also include an 
odontoid process view (open-mouth projection). If 
there is uncertainty as to the diagnosis, tomograms 
of the cervical spine should be done. The diagnosis 
is best made on a lateral view of the cervical spine in 
flexion, since the condition may not appear in ex- 
tension. 


Caution is necessary while obtaining flexion 
views of the spine. The patient himself should flex 
his neck as opposed to any forceful maneuver by the 
radiologist or radiology technician. If the patient 
has any untoward symptoms (increased pain, neu- 
rological deficits) from flexion of the spine, then his 
cervical spine should be immediately returned to 
the neutral position. 





Fig. 3. Space for spinal cord between posterior arch of 
atlas and odontoid process (arrows). 
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Fig. 4. Sharp and Purser test. 


ENDOSCOPY AND ENDOTRACHEAL INTUBATION 


Classic descriptions of endotracheal intubaticn 
techniques’ describe many complications. Apple- 
baum and Bruce? comment as follows: 


Traumatic mechanical injuries to the cervical 
spinal column and spinal cord may occur during 
positioning of the patient for intubation. These 
injuries are more likely in patients with pre- 
existing spinal column trauma or weakness due 
to age, bone demineralization, malformation, or 
tumor. The person inexperienced at intubation 
further increases the possibility of injury by 
forceful hyperextension of the head (without 
flexing the neck) in a faulty attempt at improving 
laryngoscopic exposure of the larynx. 


Katz and Kadis’ primarily comment on the prob- 
lems of corticosteroid therapy, but also refer to 
Fdelist’s admonition’? that the neck and head 
should be manipulated with great care during posi- 
tioning or intubation because cervical vertebral ero- 
sion and subluxation may occur especially at the at- 
lantoaxial joint. 


Dripps et al'' stress flexion of cervical spine and 
extension at the atlanto-occipital joint according to 
the earlier advice of Chevalier Jackson’? in contra- 
distinction to the Rose position which stressed the 
anterior convexity positioning of the whole cervical 
spine. 


Thus we see that the usual admonition of endo- 
scopists'? was and is for the “pecking position.” Fol- 
lowing this instruction in patients with potential at- 
lantoaxial instability could cause cord compressian 
by displacement of the odontoid process (dens) pos- 
teriorly. Flexion of the neck can produce a similar 
effect. While extension of the neck would appear to 
obviate the problem — this is not recommended. 
The biomechanics of extension should transfer the 
forces so that the atlas would tend to shift forward 
(ventrally) producing the feared subluxation and 
cord compression. We are therefore obligated to 
have the patient position the head while awake. 


Althoff and Goldie'* have recently studied the 
value of supportive collars for stabilization of C-1 to 
C-2 vertebrae. Their results indicate minimal effeet 
on decreasing the instability in flexion even with the 





Fig. 5. Surgical repair wiring of atlas to dens. 


Philadelphia or Guilford collars (38 % -46 % reduc- 
tion). Unfortunately, these collars also impede the 
mechanies of endoscopy to some extent. A review of 
neurologie signs and symptoms relative to the upper 
cervical cord outflow should be completed. Then, 
and only then, should the patient be anesthetized. 
Endoscopy intubation must be accomplished: with 
no further change in position of the cervical spine. 
Access can be aided by intentional anterior disloca- 
tion of the temporomandibular joint (aided by gen- 
eral anesthesia and the use of nondepolarizing mus- 
cle relaxants). This will place the mandible in an 
anterior position with the mouth widely opened. 
After intubation we should return the mandible to 
the normal resting position as soon as possible be- 
fore withdrawing the muscle relaxants. 


Anesthetic management also requires muscle re- 
laxant usage. Succinyldiacetylcholine causes marked 
neck musele contraction with its potential for cer- 
vical vertebral slippage. The curare drugs do not 
manifest this effect, but do decrease the supportive 
muscle tension. On balance, we believe the hazards 
related to succinylcholine to be the greater risk. 


In extreme cases, application of Crutchfield or 
Gardner-Wells tongs should be considered. The 
weights should not exceed 4.54 kg to avoid total de- 
stabilization of the atlantoaxial joint. The choice of 
this technique must be based on neurologic symp- 
tomatology in the awake patient. However, it is a 
useful approach even if temporarily applied. 


What else can we do? First and foremost is aware- 
ness of the problems herein described. This respons- 
ibility is both ethical and legal. Secondly, there is 
the simple clinical test of Sharp and Purser" which 
can alert the endoscopist to the need for radiologic 
evaluation. 
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With the patient sitting upright, relaxed and 
with the neck flexed, the examiner plazes one 
hand on the forehead and the index finger of the 
other on the spinous process of the axis. Normal- 
ly, pressure on the forehead produces no appreci- 
able movement but when AAS is present a back- 
ward gliding motion of the head can be fe_t as the 
subluxation is reduced’® (Fig. 4). 


Similarly, because of the demography of this con- 
dition, another approach is to obtain a lateral ra- 
diograph of the neck in all patients over the age of 
40 years with a history of either rheumatoid arth- 
. ritis or ankylosing spondylitis, particularly if they 
have been: medicated with steroids. 


Perhaps fhost: important is the obligaticn of the 
endoscopist tọ maintain his level of expertise in line 
with current knowledge. 

/ TREATMENT 
Although detailed descriptions of effective treat- 


ment of AAI are beyond the scope of this paper, it is 
important to mention that the treatment depends 
on the degree of instability. Patients who have 
minimal instability are advised to wear a collar and 
avoid activities that could possibly involve head in- 
jury. These patients should be cautioned about the 
increased risk of neurological deficits in car ac- 
cidents producing whiplash-type injuries. As the de- 
gree of instability increases, the risk to the patient 
increases. In the acutely unstable spine, posterior 
cervical fusion or wiring of atlas to dens is indicated 
(Fig. 5). 


CONCLUSION 


We have presented a review of atlantoaxial in- 
stability in rheumatoid arthritis patients. These in- 
dividuals represent an inordinate risk of cervical 
cord injury potentially leading to quadraplegia and 
even death. The ramifications of keeping informed 
about current medical knowledge obligates the phy- 
sician to be alert to this syndrome. 
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We compared the anatomic structures, computerized tomographic (CT) scan images and the histopathologic findings after surgery in 
15 patients with laryngeal epidermoid carcinoma. We examined the horizontal whole-mount histologic sections along with the preopera- 
tive CT and verified the preoperative impression of the soft tissue ehanges of preepiglottic space involvement; true cord, false cord and 
aryepiglottic fold invasion; or subglottic extension in all 15 patients. It was impossible to judge reliably the microscopic invasion of bone or 
cartilage with this method. Preoperative CT evaluation of carcinoma of the larynx was a reliable method for judging gross tumor size, 


though decisions regarding conservation surgery cannot be based on CT evaluation alone. 


INTRODUCTION 


Until recently the specialized advanced radio- 
graphic procedures for diagnosis of laryngeal car- 
cinoma included contrast laryngography, xeroradi- 
ography, tomography and arteriography. Each ef 
these methods has failed to give an adequate view of 
deep invasion and early cartilage destruction be- 
cause of the surface orientation of the technique or 
the indirect nature of the examination. Since 1973, 
when computerized tomography (CT) was first used 
clinically,’ it has been effective in determining size, 
shape, location and tissue invasion of tumors m 
many anatomic locations. 


To assess the accuracy of CT in laryngeal car- 
cinoma, we compared the CT images with anatom- 
ic and pathologic structures. Removed whole or 
partial larynges with known epidermoid carcinoma 
were cut serially in the horizontal plane and studied 
alongside the preoperative CT scan done in the 
same horizontal plane. 


METHODS AND MATERIALS 


Fifteen patients with epidermoid carcinoma were examined 
preoperatively with CT scans of the neck from the base of the 
tongue to the upper trachea. The examination consisted of con- 
tiguous 5-mm horizontal (axial) sections with the infraorbito- 
meatal (Reid) line perpendicular to the table top. The patient was 
positioned supine, the head supported gently in position. Mobility 
of the vocal cords was studied with scanning during expiratory 
phonation. No patient required sedation. Equipment used was 
the GE CT/T 7800 for the early patients in the study, and the GE 
CT/T 8800 for the last eight patients. 


The excised tissues were processed by the celloidin technique: 
fixed in 10% formalin for three to five days, decalcified in formic 
acid-sodium citrate solution for 3 weeks, washed, dehydrated in 
ascending concentrations of alcohol, cleared in ether alcohol amd 
imbedded in celloidin for 7 weeks. The last eight specimens were 
processed using a rapid method with staining properties equal to 
those of the longer processing technique. Following formalin fixa- 


tion, washing and dehydration, specimens were decalcified for 
seven days in 1% nitric acid and neutralized in 5% sodium 
sulfate. All specimens were kept in a vacuum and placed in 1% 
celloicin for 24 hours, then in 4% ,8% and 12% celloidin for each 
successive 24-hour period. Finally, specimens were imbedded in 
16% celloidia for 48 hours for improved cutting. 

The sections of each whole or partial larynx were made in the 
horizontal plane and corresponded to the planes of the CT im- 
ages. Early specimens were opened in the operating room by a 
vertical cut across the cricoid plate: however, better sections were 
obtained when the specimen was kept intact throughout the pro- 
cessing. Each section was 25 ym thick and stained with hema- 
toxylim and eosin. The histologic sections of each larynx and the 
corresponding CT images were then examined simultaneously. 
Microscopie invasion was evaluated independently and compared 
to the preoperative CT evaluation. 


RESULTS 


In 1980 a preliminary report of the first four pa- 
tients in this series was presented in poster form at 
the annual meeting of the American Academy of 
Otolaryngology (Schild et al, Computerized tomog- 
raphy of laryngeal malignancies: a correlation of 
tomographic and pathologic sections). Since that 
time 11 more larynges have been suitably processed 
for inclusion in the study, for a total of 15 patients. 
We continued to examine the horizontal whole- 
mount histologic sections along with the preopera- 
tive CT (Fig. 1) and verified the preoperative im- 
pression of the soft tissue changes of preepiglottic 
space involvement; true cord, false cord and aryepi- 
glottic fold invasion (Fig. 2); or subglottic extension 
in all 15 patients. 

The possibility of predicting cartilage or bone in- 
volvement was also studied (Table 1). In five pa- 
tients neither CT nor histologic sections showed 
tumor invasion. Large defects of cartilage were 
recognized in two of the 15 patients both on CT and 
histologic sections (Fig. 3). In two more, erosion 
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Fig. 1. A) Histologic section of larynx. B) CT scan of larynx in reversed orientation, right (R) to left (L). Tumor (TU) in right vocal 
cord appears on CT scan denser than left vocal cord and of different cortour. Thyroid cartilage (TH) is intact. 


was suspected on scan and was present histological- 
ly in one; in the other patient anatomic lack of 
ossification from tumor extension could not be dif- 
ferentiated by CT but histologically no tumor 
breakthrough was present. Tumor extended beyond 
the external surface of the thyroid cartilage in two 
additional patients, but had advanced via natural 
planes rather than through erosive action. The in- 
vasion of cartilage was seen microscopically in six 
larynges and was not predicted preoperatively by 
CT scan. These areas were less than the 4- +0 6-mm 
size necessary to be visible by scan. 


Vocal cord motility was specifically judged in on- 
ly five patients on preoperative scans (Table 2). Pa- 
tients were asked to phonate “E” on expiration, and 
the image was compared to that obtained during 
quiet breathing (Fig. 4). The CT image should 
show a difference in vocal cord position if the cords 
are mobile. While three of the five patients had de- 
creased or absent motility on CT examination, two 
of the three had cartilage invasion histologically. 
Two of the five had good motility on CT: both had 
cartilage invasion. Thus, in only two of the five pa- 
tients did radiologic findings regarding motility cor- 





Fig. 2. A) Histologic section of larynx. B) CT scan (reversed orientation). Tumor (TU) obliterates right pyriform sinus, extending in- 
to false cord and aryepiglottic fold. Left arvepiglotti fold (AE) is normal. Separation artifact due to tissue processing is seen crossing 
tumor mass on right. 
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TABLE 1. CARTILAGE DEFECTS PREDICTED 
BY CT SCAN (N= 15 PATIENTS) 





No. of Patients CT Histology 
5 - sg 
6 =s - 
2 = + 
l en j: 
l + — 


— - No defect predicted; + 
for defect. 


- Defect predicted: + - Equivocal evidence 


relate with histologic findings of cartilage invasiom. 


Though nodal disease is sometimes predictable? 
and was recognized in some of our patients, it was 
not specifically evaluated in this study. 


DISCUSSION 


Radiographic demonstration of soft tissue abnor- 

malities is hindered by the difficulty in defining dif- 
ferences in individual tissue densities. Xerography is 
an improvement because of so-called edge enhance- 
ment, but at the expense of increased radiation. 
Contrast laryngography yields surface information 
but may cause further obstruction in a patient with 
a diminished airway and requires local anesthetic 
for best results. Arteriography, while adding the 
possibility of tumor blush from intrinsic vasculari- 
y, often shows only deflection of vessels by the 
tumor in the larynx or neck and risks the patient's 
reaction to the dye or complications of arterial 
puncture. 


In 1973 Hounsfield? and Ambrose* introduced 
clinical computerized transverse axial scanning (to- 
mography) to evaluate lesions in the head. Subse- 
quent improvements now allow CT scans of other 





A 


TABLE 2. EVALUATION OF VOCAL CORD MOTILITY 














CT Motility 


Histologic Invasion 





Normal + 
Normal + 
Absent + 
Absent 4 
Absent = 


+ - Invasion of cartilage: — - No invasion of cartilage. 


body areas including the neck. Larynx lesions of all 
kinds are readily assessed visually by CT scanning.“ 
Use of Hounsfield numbers defines tissue density 
differences precisely and is especially helpful for 
cystic lesions.* 


Soft tissue abnormalities are particularly well dis- 
played by CT of the larynx because of the cross-sec- 
tional view obtained.’ This allows three-dimension- 
al understanding of structural relationships of 
tissues of differing density when several CT levels 
are interpreted sequentially. In addition the effect 
of protruding tumor on airway size is startlingly 
visible. This was well demonstrated in this series 
when the CT scans were examined in conjunction 
with the tissue sections, as the tumor could be 
recognized easily in both methods at different 
levels. Furthermore, subtle asymmetry in the larynx 
is readily apparent on CT and indicates local pa- 
thology. Widening of the preepiglottic space, 
broadening of a normally delicate aryepiglottic 
fold, displacement of one arytenoid, or disturbance 
of motility are all important findings for identifying 
extension of tumor in various directions. 


Invasion of cartilage can be a more difficult 
determination and may not be reliable. In our 
study, predicting cartilage or bone involvement was 
possible only with gross defects. Microscopically 





Fig. 3. A) Histologic section of left larynx. B) CT scan (reversed orientation). Previous left hemilaryngectomy with recurrent tumor 


(TU). Surgical absence of thyroid cartilage is shown on left. 
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Fig. 4. CT scans of larynx comparing A) open vocal position in quiet breathing and B) phonation where glottis is smaller 
and both vocal cords have moved toward the midline. There is density difference in left vocal cord (VC) which is site of car- 


cinoma. 


identified invasion was not detectable on scan. Car- 
tilage must be well calcified for good roentgenogra- 
phic visibility, but calcification in laryngeal car- 
tilages is highly variable. Irregular outlines and 
marked loss of symmetry, particularly when accom- 
panied by surrounding tumor mass, become mark- 
ers for judging the existence and extent of tumor 
erosion. In this series two patients had definite 
defects on CT, one by tumor invasion and one by 
previous surgery. The defects of both patients were 
confirmed on histologic sections. In two more pa- 
tients cartilage defects were suspected which were 
confirmed on tissue examination in one. However, 
six patients were not suspected of having cartilage 
invasion on CT but did prove to have invasion mi- 
croscopically. Because of the general size of the 
gross lesions, the inability to recognize microscopic 
invasion from CT did not affect the choice of thera- 
py in these cases, although it might in patierts with 
smaller lesions. It is our impression that cartilage 
erosion demonstrable on CT is significant prognos- 
tically, but that absence of recognizable erosion on 
CT is not a reliable guide in decisions regarding 
conservation surgical procedures. This is in agree- 
ment with the conclusions of others. '° 


Vocal cord motility can be evaluated by compar- 
ing the position of the cords during expiratory 
phonation and quiet breathing. Breath-hold:ng and 
the Valsalva maneuver are alternatives to expira- 
tory phonation because the glottis is obliterated 
during these maneuvers.'' However, comparison 
must be made with quiet breathing in order to 
avoid confusion with a mass lesion. Though the 
number of patients reported here is small, this series 
suggests the reliability of CT scanning for evaluat- 
ing vocal cord mobility; however it should not be 


solely depended upon for diagnosis. 


CONCLUSIONS 


We found that preoperative CT evaluation of 
carcinoma of the larynx is a reliable method for 
judging gross tumor size. Soft tissue swelling is well 
outlined and its extent can be correctly estimated 
medially into the airway and, more importantly, 
laterally into surrounding soft tissue because of the 
cross-sectional view obtained with this method. The 
superior-inferior extent of tumor is easily examined 
because multiple levels are obtained for viewing. 
Cartilage defects (surgical or neoplastic) can be 
visualized well only when they are macroscopic and 
when the underlying cartilage has no anatomic or 
calcification irregularity. Microscopic invasion of 
cartilage by tumor cannot be seen on CT scanning; 
therefore, decisions regarding conservation surgery 
cannot be based on CT evaluation alone. Vocal 
cord motility can be evaluated by comparing the 
cord position during quiet breathing with that dur- 
ing expiratory phonation, the Valsalva maneuver or 
breath-holding. However, observation of vocal cord 
immobility must be used with that of anatomic 
changes to estimate tumor size and invasiveness. 


Overall, the cross-sectional view of the larynx ob- 
tained by CT scanning gives a three-dimensional 
image of the tumor not available by any other 
method. The patient can be positioned comfort- 
ably, no anesthetic is needed and no contrast 
materials are ingested or injected. We believe that 
the information gained from CT scanning is better 
than that from other available special radiologic 
procedures. It is, therefore, the preferred method 
for evaluation of tumors of the larynx. 
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Newer surgical techniques for postlaryngectomy voice rehabilitation provide a simple, effective method of communication but require 
manual occlusion of the tracheostoma during speech. We report the development of a unique tracheostoma valve that avoids the necessity 
for covering the stoma. This airflow-sensitive valve clcses during speech and remains open with normal respiration. Results of a clinical 
trial with 50 patients over a ten-month period are encocraging. Our experience suggests that excessive vocal tract resistance to airflow is the 
principal limitation to effective valve use. Approaches to decreasing airflow resistance through the vocal tract to improve both voice pro- 


duction and tracheostoma valve use are discussed. 


INTRODUCTION 


With the introduction of the newer postlaryngec- 
tomy voice rehabilitation procedures, the need for 
intermittent occlusion of the tracheostome during 
speech production is increasingly demanded.'? 
Manual stoma occlusion is inconvenient, nonhy- 
gienic, and draws attention to the laryngectomized 
condition. This presentation describes a simple air- 
flow-regulated tracheostoma valve that eliminates 
the need for manual diversion of pulmonary airflow 
for speech (Bivona Surgical Instruments, Inc, Ham- 
mond, Ind). 


MATERIALS 


The component parts of the tracheostoma valve incl ade a flex- 
ible polyvinyl chloride housing that is convex to conform to a wide 
variety of stomal dimensions and configurations (Fig. l-a). The 


housing is fixed to the peristomal skin with a disposable disc of 


double-faced hypoallergenic adhesive. A thin coating of clear li- 
quid adhesive applied to the skin augments the seal around the 
stoma. This attachment design avoids an indwelling tracheal can- 
nula and the potential problems of tracheitis, stoma dilatation, 
and air escape. 


The inner rim of the housing is beveled to allow eas» insertion 
of the valve assembly. A groove on the posterior aspect of the 
housing engages with a corresponding rib on the valve assembly 
(Fig. 1-b). This rib and groove design provides adequate retention 
of the assembly while permitting immediate removal fcr access to 
the airway. An arch-shaped crossbar prevents clothing from ob- 
structing the valve inlet (Fig. 1-d). A precurved latex valve dia- 
phragm is permanently attached to the shaft in the center of the 
valve assembly (Fig. 1-c). The diaphragm is airflow-sensitive and 
responds to variations in expiratory exchange. During normal res- 
piration it remains in its fully open position (Fig. 2A). With the 
slight increase in expiratory flow for speech the diaphragm un- 
furls and seats circumferentially against the inner rim of the valve 
assembly, closing the tracheostoma (Fig. 2B). Decreasing expira- 
tory airflow allows the diaphragm to return to the open position. 
During a cough, the valve may partially evert through the assem- 
bly to release excessive air pressure and is easily replaced (Fig. 2C). 

Individual respiratory patterns are accommodated by selecting 
one of four available diaphragm thicknesses which determine 
valve sensitivity. The diaphragms are (0.055, 0.063, 0.073, and 


0.083 cm (0.022, 0.025, 0.029, and 0.033 in, respectively) corres- 
ponding to the designations of ultralight, light, medium, and 
firm. The thicker diaphragms are less sensitive to airflow closure. 
During initial valve selection, the clinician matches the ap- 
propriate sensitivity to permit comfortable user respiration and 
phonation. Unimpeded respiration with routine physical activity 
is determined by having the user walk briskly for a distance as 
well as climb a flight of stairs. Closure or airway obstruction must 
not occur during these conditions. During physical exertion such 
as running, the valve can be temporarily withdrawn from the 
housing. 


CLINICAL EVALUATION 


The tracheostoma valve has been continuously 
used by 50 patients over a ten-month period. It has 
been accepted enthusiastically and has been free of 
complications. Patients rapidly accommodate to the 
aerodynamic principle of valve diaphragm func- 
tion. They subjectively experience and report a 
more normal speech with the valve use. 


The most frequent problem that patients identify 
is difficulty maintaining an airtight seal around the 
stoma for extended periods. Many found that the 
adhesive seal would loosen and require reapplica- 





Fig. 1. Blom-Singer tracheostoma valve. a - Valve housing; 
b - Assembly; c - Latex valve diaphragm; d - Arched cross- 
bar. 
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TRACHEOSTOMA VALVE ol? 


Fig. 2. Tracheostoma valve show- 
ing diaphragm A) open during 
normal respiration; B) closed di- 
verting airflow for speech; and 
C) partially everted through as- 
sembly inlet to release cough 
pressure. 


tion at least once during the day. Our assessment of 
this problem revealed that the main cause of this 
difficulty was related to airflow backpressure at the 
stoma during speech production. Backpressure that 
was formerly contained by the finger places a con- 
siderable stress against the adhesive seal, which 
eventually gives way to air leakage (Fig. 3). 


We have noted that the two principal sources of 
vocal tract resistance are excessive pharyngeal con- 
strietor tone and resistance offered by the voice 
prosthesis itself. In an earlier report, we concluded 
that selective division of the pharyngeal constrictor 
muscles enhances airflow through the upper esoph- 
ageal sphincter and reduces the effort required to 
produce voice.* 


Despite adequate pharyngoesophageal physiol- 
ogy for alaryngeal voice production, many patients 
in our tracheostoma valve series demonstrated an 
undesirable degree of airflow resistance revealed by 
backpressure at the tracheostoma. We speculated 
that residual opposition to airflow from the trachea 
to the esophagus was attributable to resistance of- 
fered by the duckbill (Blom-Singer) voice prosthe- 
sis. To test this hypothesis, we had each patient pro- 
duce voice both with and without the prosthesis in 
place. In all instances, the patients reported that 
speech without the voice prosthesis was substantial- 





Fig. 3. Loosening of valve housing tape seal (arrows) caused 
by excessive airflow backpressure during speech. 





ly easier and similar to the effort they formerly re- 
quired for laryngeal voice. 

Weinberg recently confirmed that in vitro airway 
resistances offered by the Blom-Singer voice pros- 
thesis and the Panje voice button are considerably 
higher than the normal larynx.* Laboratory resis- 
tance cakculations demonstrated that opposition to 
airflow through the Blom-Singer prosthesis ranged 
from 45 to 120 cm H,O/ liters per second (LPS), 
while the Panje voice button was higher, ranging 
from 285 to 430 cm H,O/LPS. These values com- 
pare to the resistance offered by the human larynx 


during voice production that range from 30 to 43 
cm H,O/LPS.° 


LOW-PRESSURE VOICE PROSTHESIS 


In an effort to decrease airflow resistance of the 
voice prosthesis to the range of the normal larynx, 
we have modified the valve design of the duckbill. 
The basie tubular design has been retained but in- 
creased in diameter from 5.3 to 6.6 mm to enhance 
airflow (Fig. 4-a). The slit valve has been replaced 
by a circular valve and recessed slightly into the 
distal end of the prosthesis. The beveled tip 
minimally protrudes into the esophageal lumen and 
provides a protective hood over the valve. A circu- 
lar inner retention collar has been incorporated. 


During speech, airflow diverted through the pros- 
thesis opens the one-way valve (Fig. 4-b). With the 





Fig. 4. a - Prototype voice prosthesis with inner retention 
calla and beveled distal tip. b - Hinged circular valve in 
open position during airflow for speech. c - Valve in closed 
position 
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cessation of airflow, the hinged valve returns to its 
closed position and seats against a recessed circum- 
ferential ledge to provide a seal (Fig. 4-c). This de- 
sign effectively eliminates regurgitation o- fluids 
from the esophagus, and the positive pressure gra- 
dient generated within the.esophagus during swal- 
lowing tends to assist valve closure. Calculations in- 
dicate the airflow resistance of this prototype low- 
pressure voice prosthesis is nearly within the range 
offered by the human larynx (Weinberg BW, per- 
sonal communication). Thirty patients are using the 
prosthesis and no complications have been o>served 
.. to date while substantial reduction in backpressure 
>, provided by the low-pressure voice prosthasis en- 
' ables patients to maintain an airtight tracheostoma 
seal 


Our accumulated experience suggests that pa- 
tients vary in their capacity to achieve a durable 
airtight seal enabling them to wear the trache- 
ostoma valve. When vocal tract resistance is ex- 
cessive, assessment of potential sources of resistance 
is indicated. As mentioned, prosthetic resistance is 
evaluated by tracheoesophageal airflow without the 
voice prosthesis. When substantial opposition to 
airflow is noted even without the voice prosthesis in 


place, assessment of pharyngoesophageal resistance 
is important. This can be achieved by a pharyngeal 
plexus nerve block under local anesthetic infiltra- 
tion as previously described.* The contribution of 
the pharyngeal constrictor muscles after laryngec- 
tomy to excessive tone and diminished airflow is 
significant. This can be effectively reduced by selec- 
tive constrictor myotomy with improved voice and 
diminished intratracheal pressures. 


SUMMARY 


The newer procedures for postlaryngectomy voice 
rehabilitation require manual occlusion of the stoma 
during speech. For many patients this is incon- 
venient, nonhygienic and draws attention to the lar- 
yngectomized condition. The tracheostoma valve 
described in this report provides an option for tra- 
cheoesophageal speakers without the necessity for 
finger occlusion of the stoma. Patients whose speech 
is characterized by low vocal effort and minimal 
resistance to tracheoesophageal airflow are candi- 
dates for this valve. Other patients will require ad- 
justments of prosthetic or physiologic sources of 
airflow resistance to improve their capacity for ex- 
tended tracheostoma valve use. 
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Aspiration is the major problem in deglutition associated-with conservation lar-ngeal surgery. Closure of the glottic sphincter, depres- 
sion of the epiglottis over the laryngeal inlet, elevation of the thyrohyoid complex uader cover of the base of the tongue and appropriate re- 
laxation of the cricopharyngeal muscle to permit unobstructed passage of food into the esophagus are important mechanisms that prevent 
food from entering the trachea. Partial laryngeal surgery can interfere with one or : combination of these mechanisms. Analysis of the rec- 


ords of all evaluable patients who underwent horizontal supraglotti 
dence of deglutition problems is reported. In addition, the effects o 


c resections frora January 1976 to June 1981 was undertaken. The inci- 
f resection or p»eservation of the hyoid, arytenoid, base of tongue and 


branches of the vagus and the effect of cricopharyngeal myatomy upon ultimate swallowing function are analyzed. 


INTRODUCTION 


Over the past four decades, there has been grad- 
ual acceptance of conservation laryngeal surgery in 
the treatment of selected carcinomas of the intrinsic 
and extrinsic larynx. With partial laryngeal sur- 
gery, cure rates equivalent to those possible after 
total laryngectomy have been obtained’ with the 
advantage of preservation of phonatory function 
and elimination of the need for a permanent tra- 
cheal stoma. Nevertheless, there remains some re- 
luctance to perform partial laryngeal surgery be- 
cause of concern regarding swallowing difficulties 
that may ensue. The literature has not been clear on 
the actual incidence of clinically significant dys- 
phagia and aspiration following such procedures. 


This paper attempts to analyze those factors 
which may be important in restoring swallowing 
function following horizontal supraglottic resec- 
tion. 


PHYSIOLOGIC AND SURGICAL CONSIDERATIONS 


During the pharyngeal phase of swallowing, en- 
trance of food into the upper airway is prevented by 
closure of the glottic sphincter, depression of the 
epiglottis over the laryngeal inlet, and antenior 
rotation and elevation of the larynx to appose the 
base of the tongue.?~* In addition, the cricopharyn- 
geal sphincter must relax in time to facilitate the 
unobstructed passage of the food bolus into the 
esophagus.® Intact sensation in the pharynx is also 
important to maintain the integrity of this complex 
neuromuscular reflex. Partial laryngeal surgery 
may alter one or more of these mechanisms, de- 
pending on the specific areas resected and the type 
of reconstruction used. 


With the exception of certain modifications by 
the individual surgeon, the technique of supraglot- 
tic larynzectomy used at the Cleveland Clinic is the 
same as that described by Ogura et al.° Standard 
supraglattic laryngectomy is an en bloc resection of 
the epig ottis, both aryepiglottic folds, the preepi- 
glottic sp ace, false cords and the upper third or half 
of the thyroid cartilage (Fig. 1A). Various extended 
operations may include the resection of one aryte- 
noid, the pyriform sinus (partial laryngopharyngec- 
tomy, PLP) and/or base of the tongue. If one aryte- 
noid is excised with the specimen, the vocal process 
of the remaining membranous cord is usually fixed 
to the c-icoid in the midline so it can appose the 
other fumctioning cord and thus prevent aspiration. 
The closure of the supraglottic defect is accomp- 
lished by approximating the base of the tongue (or 
the hyoid if it has been preserved) to the preserved 
perichondrium of the larynx (Fig. 1B).’ Regional 
flaps caa be used to repair larger defects which 
result frem more extensive resections of the base of 
the tongue or hypopharynx." 


In orcér to establish successful deglutition follow- 
ing horizontal supraglottic resection, the patient 
must accommodate to the alteration(s) in laryngo- 
pharyngeal anatomy. The epiglottis, which func- 
tions as a hood over the laryngeal vestibule, is 
eliminat2d and, more importantly, the relationship 
of the la-ynx to the base of the tongue is disrupted. 
Pharyngzal sensation may be altered when it is nec- 
essary tc sacrifice one or both superior laryngeal 
nerves to accomplish an en bloc resection of the 
supragloctis. Such loss of sensation can be responsi- 
ble for imterference with cricopharyngeal sphincter 
function which has been reported following supra- 
glottic leryngectomy.°” 
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Fig. 1. Supraglottic laryngectomy. A) En bloc resection. B) 
Closure of supraglottic defect. (Reprinted with permis- 
sion.’) 


Resection or preservation of the hyoid bone and 
the performance of cricopharyngeal myotomy have 
been performed routinely by some surgeons in our 
department but not by others. An analysis of these 
variables and the possible effects on successful de- 
glutition is considered later in this report. 


POSTOPERATIVE MANAGEMENT 


Attempted deglutition is initiated after satisfac- 
tory healing has taken place. Because nearly all pa- 
tients received high-dose radiation preoperatively, 
feeding is started no earlier than two weeks after 
surgery. The patient is first decannulated and 24 to 
48 hours later, the nasogastric tube is removed and 
oral feedings are begun. Retraining for swallowing 
is done with the aid of a dietitian, a nurse and a 
speech pathologist. Swallowing difficulties are care- 
fully monitored. Daily weights and intake and out- 
put are recorded. The patient may require intra- 
venous supplements until oral intake is adequate. If 
the patient is still unable to swallow without signifi- 
cant aspiration within 1 week, the nasogastric tube 
is reinserted and the patient is discharged wi-h tube 
feedings. He or she is readmitted for another at- 
tempt about 4 weeks later. Cineradiologic studies 
may be helpful at this point, although it is often dif- 
ficult to identify the exact cause of dysphagia. 


If the second attempt fails, a feeding gastrostomy 
may follow, providing the patient does not develop 
aspiration pneumonia from his or her own secre- 
tions. Completion laryngectomy is performed for 
the patient who develops severe pulmonary compli- 
cations or who prefers to sacrifice voice in exchange 
for normal peroral deglutition. 


MATERIALS AND METHODS 


From January 1976 to June 1981,51 supraglottic karyngec- 
tomies (including PLPs) were performed at the Cleveland Clinic. 
At the time of the study, all living patients had been followed 
from 1 to 6 years. The effect of the following variables upon the 
success of deglutition was studied: age: resection of one arytenoid: 


preservation of the hyoid; sacrifice of the superior laryngeal 
nerve(s); resection of the base of the tongue and/or pyriform sinus; 
and the performance of cricopharyngeal myotomy. 

The following were obtained from each record: date of 
surgery, date of first attempt to swallow. date of adequate 
swallowing and date of decannulation. The date of adequate 
swallowing was defined as the date on which the patient was able 
to rely solely on peroral nutrition, without the need for sup- 
plemental sources and without clinically significant aspiration. 
Retraining time, defined as the number of days between the first 
attempt to swallow and adequate swallowing, was used to com- 
pare all the independent variables. 


RESULTS 


Forty-six of the 51 patients were considered eval- 
uable for this study. The five who were not evalu- 
able never attempted to swallow after partial laryn- 
gectomy because of early postoperative mortality in 
three, residual carcinoma which required early 
completion laryngectomy in one and failure of fistu- 
la closure in another. 


The distribution of patients according to success 
of deglutition is presented in Table 1. Of the 28 pa- 
tients in the successful group, 27 swallowed ade- 
quately within three days and one in five days. 
None of these patients developed pneumonia and all 
were successfully decannulated. 


Patients who were not successful in swallowing 
adequately within the first few days went through 
prolonged retraining. The nine patients in the de- 
layed group eventually swallowed, but required re- 
training time from 4 weeks to 5 months. One of 
these patients developed pneumonia which was suc- 
cessfully treated medically. None required surgical 
intervention because of dysphagia. All were even- 
tually decannulated. 


The failed group consisted of the remaining nine 
patients who, at the time of this report, were still 
unable to swallow adequately. In this group, three 
are now fed via gastrostomy. Another three under- 
went gastrostomy, but required subsequent comple- 
tion laryngectomy. Two patients were managed 
with completion laryngectomy alone. Recurrent tu- 
mor was found in one of the five patients who un- 
derwent completion laryngectomy. A single patient 
chose to retain the nasogastric tube indefinitely and 
has not been decannulated. In the failed group two 
deaths due to aspiration occurred and three patients 
developed pneumonia that responded to intensive 
medical treatment. 


Age. The mean age for the successful group was 


TABLE 1. DISTRIBUTION OF LARYNGECTOMY PATIENTS 
BY SUCCESS OF DEGLUTITION AND AGE (N = 46) 


Age 
Adequate No. of Mean Age Range 
Swallowing Patients (yr) SD (yr) 
— Ee STOW) 
Successful 28 54.9 9.8 Bi-to 
Delayed 9 59.9 6.6 47-67 
Failed 9 09.2 8.0 44-72 


Es p = 0.24. 
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TABLE 2. SUCCESS OF DEGLUTITION AND 
PRESERVATION OF HYOID BONE (N = 46) 


No. Patients with Adequate Swallowing 
Successful Delayed Failed Total 


Hyoid preserved 6 (46% ) 4(31%) 3(23%) 138 

Hyoid partially 11 (61%) 3 (17%) 4(22%) 18 
preserved 

Hyoid completely 10 (72%) 2(14%) 2(14%) 14 
resected 

Data not available 1 (100% ) — — l 


X?a = 2.l; p = 0.14. 


54.9 years and the range, 27 to 73 years. The mean 
ages for the delayed and the failed groups were 59.9 
and 59.2 years respectively (Table 1). Analysis of 
the variance of age showed no statistically signifi- 
cant difference (p = 0.24). 


Hyoid Bone. Table 2 shows the relationship be- 
tween success of deglutition and preservation of the 
hyoid bone. Surprisingly, the highest success rate 
prevailed among those whose hyoid was completely 
resected. The failed and delayed percentages were 
lowest when the hyoid was totally resected. How- 
ever, the differences were not statistically signif- 
icant (p = 0.14). 


Cricopharyngeal Myotomy. At the time of pri- 
mary resection, 26 patients underwent cricopharyn- 
geal myotomy and 20 did not (Table 3). The per- 
centage of patients who failed to swallow was sim- 
ilar in the two groups, 19% when cricopharyngeal 
myotomy was performed and 20% when it was not. 
A higher immediate success rate (69%) resulted 
when the myotomy was done than when it was 
omitted (50%). As a result, there appeared to be 
more patients in the delayed category when the 
cricopharyngeal myotomy was omitted (30%) than 
when it was done (12%). However, the differences 
were not statistically significant (p = 0.26). 


In an effort to improve deglutition for two pa- 
tients in the failed group, cricopharyngeal myot- 
omy was performed for one patient 1 year and for 
the other 3 years after primary resection. One was a 
repeat myotomy; the other was performed because 
it was not done at the time of primary resection. 
These late myotomies did not noticeably improve 
swallowing in either patient. 


Superior Laryngeal Nerves. En bloc resection 
sacrificed at least one superior laryngeal nerve (at 
the side of most involvement) in 20 patients (Table 
4). Twenty-six patients had more extensive resec- 
tions in which both superior laryngeal nerves were 
sacrificed. Unexpectedly, deglutition was more suc- 
cessful when both nerves rather than one were re- 


TABLE 3. SUCCESS OF DEGLUTITION AND 
CRICOPHARYNGEAL MYOTOMY 


a 
Cricopharyngeal No. Patients with Adequate Swallowing 
Myotomt Successful Delayed Failed Total 
18 (69%) 3 (12%). 5(19%) 26 

10 (50%) 6 (30%) 4 (20%) 20 








Performed 
Not performed 


X?,, = 2.7; p = 0.26. 


TABLE 4. SUCCESS OF DEGLUTITION AND 
RESECTION OF SUPERIOR LARYNGEAL NERVES 





No. Patients with Adequate Swallowing 
Successful Delayed Failed Total 


Superior 
Laryngeal Nerves 





One sacrificed 9 (45%) 6 (30%) 5(25%) 20 
Both sacrificed 19 (73%) 3 (12%). 4(15%). Ze 


Xa = 4: p = 0.14. 


sected. However, the difference was not statistically 
significant (p = 0.14). 


Arytenoid Excision. The impact of excision of one 
arytenoid upon the success of deglutition is shown 
in Table 5. In 15 patients an arytenoid had to be 
resected. A higher proportion of patients failed 
when one arytenoid was excised (47%) than when 
both were preserved (6%). Clearly, successful 
deglutition was more likely when both arytenoids 
were preserved (70%) than when one had to be sac- 
rificed (40%). The difference was highly significant 
(p = 0.006). 


Pyriform Sinus Resection or Partial Laryngopha- 
ryngectomy. Six patients underwent PLP (Table 6): 
4 failed te swallow, 1 delayed and 1 was considered 
successful. Interestingly the successful patient was 
the only PLP case in which an arytenoid was not ex- 
cised. Hoavever, the small numbers did not permit a 
valid chi square test. 


Supraglottic Laryngectomy Extended to Base of 
the Tongue. Nine patients required extension of re- 
section to the base of the tongue (Table 6). Six had 
extensive resections (up to the circumvallate papil- 
lae) with deltopectoral flap reconstruction; 5 of 
these patients swallowed successfully and 1 failed. 
Three patients had minimal base of tongue excision 
that could be closed primarily. Two of these swal- 
lowed successfully and one was delayed. Differ- 
ences were not statistically significant. 


DISCUSSION 


Supraglottic laryngectomy is a well-established 
surgical procedure for treatment of selected carcin- 
omas of the larynx. However, swallowing difficul- 
ties are frequent, especially with various extended 
modifications used to resect lesions adjacent to the 
laryngopharynx. The surgical effort to restore de- 
glutition must begin with proper techniques at the 
time of resection.'® Controversy remains as to whe- 
ther cricopharyngeal myotomy*''! and hyoid preser- 
vation significantly affect deglutition following 
supraglottic laryngectomy.°'? This study suggests 
that failure rates were similar whether or not a my- 
otomy was done. However, the possibility still exists 


TABLE 5. SUCCESS OF DEGLUTITION AND 
ARYTENOID EXCISION 


eo eoeeeeeeeq=S=S=S===S=S$q~~q0m0m0m0F Ss a>——" 


Excision of No. Patients with Adequate Swallowing 


Arytena Successful Delayed Failed Total 
One 6 (40%) 2 (13%) 7(47%) 15 


None 22 (71%) 7 (23%) 2( 6%) 3l 


X?,,, = 10.4; p = 0.006. 
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TABLE 6. SUCCESS OF DEGLUTITION AND RESECTION 
OF PYRIFORM SINUS AND BASE OF TONGUE 


No. Patients with Adequate Swallowing 
Successful Delayed Failed Total 


Resection of pyri- 1 (17%) 1 (17%) 4(66%) 6 


form sinus or PLP 
Resection of base of 
tongue. 
Extensive resection 
with DP flap 
reconstruction 
Minimal resection 
with primary 
closure 


o (83%) — 1 (17%) 6 


2 (67%) 1 (33%) — 3 


PLP - Partial laryngopharyngectomy; DP - Deltopectoral. 


that the pércentage with delayed swallowing, al- 
though not statistically significant, could be low- 
ered and rehabilitation accelerated by performing a 
cricopharyngeal myotomy. 


The notion that preservation of the hyoid may 
improve success in deglutition is purely anecdotal. 
Our data show no such difference and suggest that 
the patient who had the entire hyoid resected did 
better. Perhaps preservation of the hycid bone 
which has been detached from the infrahy>id mus- 
cles interferes with the ability of the laryngeal rem- 
nant to rise toward the base of the tongue. Similar- 
ly, no significant difference was found between 
preservation of one superior laryngeal nerve and 
resection of both. This variable probably should not 
be considered separately since preservation of one 
superior laryngeal nerve is related to preservation of 
the hyoid bone. 


This study suggests that the single most important 
factor measured in the success or failure of degluti- 
tion is the sacrifice of an arytenoid. Unfortunately, 
the decision to resect an arytenoid is determined by 
the extent of the tumor and is not the surgeon's dis- 
cretionary choice. 


Aspiration may be worse when resection must be 
extended to the pyriform sinus because extensive re- 
section interferes with the three basic mechanisms 
providing protection to the larynx. In eddition, 
resection of an arytenoid and the adjacent pyriform 
mucosa blunts the lateral food channel.? funneling 
the bolus on this side into the laryngeal aperture 


rather than into the introitus of the esophagus (Fig. 
2A,B). 


Yet judicious resection of the base of the tongue 


presented in this study. 





Fig. 2. Axial view of larynx before and after supraglottic 
laryngectomy with resection of one arytenoid and pyri- 
form sinus. A) Preoperative; upper airway is well pro- 
tected from aspiration. B) Postoperative; food bolus may 
be channeled into laryngeal aperture through pyriform 
funnel (arrow). 


does not seem to affect the outcome of deglutition, 
provided proper reconstruction is done to fill in the 
gap and to insure that the movements of the base of 
the tongue and the remaining larynx are not limited. 


Proper selection of the patient for conservation 
laryngeal surgery is important. Patients with chron- 
ic lung disease can be expected to have serious prob- 
lems with aspiration. We do not quantify pulmon- 
ary function routinely unless there is an indication 
of significant deficit from history and physical ex- 
amination. In addition, our data concur with previ- 
ous studies’? suggesting that advanced chronologic 
age alone is not a deterrent to the recovery of 
laryngeal function following horizontal supraglottic 
resection. 


SUMMARY 


Retrospective analysis of 46 patients who under- 
went horizontal supraglottic resections was under- 
taken. The occurrence of serious swallowing diffi- 
culties following the standard supraglottic laryn- 
gectomy was low (less than 10%). More swallowing 
difficulties occurred in the extended resections, 
notably in resections of the arytenoid and pyriform 
sinus. Resection of the base of the tongue did not 
preclude successful deglutition when suitable recon- 
struction was carried out. The effect of cricopha- 
ryngeal myotomy was equivocal. Superior laryn- 
geal nerve preservation is ultimately associated with 
preservation of the hyoid bone. Neither of these 
could be shown to improve swallowing results. 
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Endotracheal intubation with current inert low-pressure, high-volume cuffed tubes is a safe procedure associated with few complica- 
tions in the vast majority of patients. However, complications related to mechanical difficulties and mucosal injury can occur even under 
ideal circumstances. Immediate complications are primarily associated with problems during intubation and extubation while early and 
late complications represent the short- and long-term effects of epithelial trauma. 


The intubation of the trachea is a commonly per- 
formed and safe act which enjoys a low complica- 
tion rate. The procedure is not totally without risk, 
however, and complications with minor ard major 
consequences are well described. In this paper, the 
complications relating to intubation are reviewed, 
drawing on the experience of the authors and that 
presented in the literature. 


IMMEDIATE COMPLICATIONS 


The complications of intubation can be classified 
as immediate, early and late. Blanc and Tremblay! 
have further divided the immediate complications 
as they relate to the process of intubation. Injuries 
may thereby be assigned to the act of intubation, 
the time of intubation and the act of extubation! 
(Table 1). 


Act of Intubation. The act of intubation begins 
with the positioning of the patient with the head in 
the classic “sniffing” position (flexion of the cervical 
spine and extension of the atlanto-occipital joint). 
Overzealous attempts to achieve correct positioning 
may result in injury to the cervical spine and frac- 
tures with subluxation and spinal cord injury may 
result. Care must be taken with patients predis- 
posed to such injuries in whom fragility of the cer- 
vical spine is the result of previous fracture or 
dislocation, congenital spinal malformation, osteo- 
porosis, degenerative joint disease, connective tissue 
disorders or destructive bone tumors, The act of in- 
tubation can be particularly risky in patients with 
an acutely injured spine where cervical stabilization 
must be maintained during intubation.'” 


As the mouth is opened, unsuspected limitations 
to mandibular mobility may be encountered. Ex- 
cessive force may dislocate or produce a pathologic 
fracture of the mandible. Dentition may de dam- 
aged with excessive digital prying and during laryn- 
goscopy, instrumental dislodgment and agpiration 
can take place. The lip, tongue and buccal mucosa 


may become entrapped between the blade of the 
laryngoscope and the dentition, producing abra- 
sions and lacerations. Careless manipulation of the 
laryngoscope has resulted in lacerations of the oro- 
pharynx, hypopharynx and larynx. Fragments of 
friable tumor mass and tonsillar tissue have been 
dislodged with subsequent aspiration. Excessive 
pressure on the tongue has resulted in paresis of the 
lingual and hypoglossal nerves. 


The endotracheal tube itself or a protruding 
stylet may also produce direct injury. Lacerations 
of the oropharynx, hypopharynx, larynx, trachea 
and esophagus have been encountered. The area 
posterior to the cricopharyngeal muscle is particu- 
larly susceptible as is the pyriform sinus. Forcing 
the endotracheal tube or stylet into the endolarynx 
has produced lacerations, avulsions and dislocations 
of the vocal folds and arytenoids. These complica- 
tions may be related to inadequate glottic paralysis, 
inappropriate tube or stylet selection or improper 
visualization and misdirection of the tube. With the 
safe passage of the endotracheal tube through the 
glottic chink, the subglottic space, trachea and 
bronchi become at risk, and injuries ranging from 
simple abrasion to severe laceration and rupture 
have been encountered as a result of the act of in- 
tubation. The esophagus may be similarly trauma- 
tized and endotracheal tubes have been swallowed 
during intubation.'-5 


Blind nasotracheal intubation lends itself to a 
higher incidence of injury. The nasal septum may 
be dislocated, the nasopharynx abraded or deeply 
lacerated, and the hypopharynx and larynx sub- 
jected to risks similar in quality to those related to 
orotracheal techniques, but greater in frequency. 
Fragments of adenoid tissue have been dislodged 
and forced into the endobronchial tree. Intubations 
done in emergency situations, usually performed by 
less experienced personnel, are most likely to pro- 
duce complications. In these less than optimal situ- 


From the Departments of Otorhinolaryngology of the Pennsylvania Hospital and the University of Pennsylvania School of Medicine, Philadelphia. 


Presented at the meeting of the American Broncho-Esophagological Association, Palm Beach, Florida. May 3-4, 1982. 
REPRINTS — William M. Keane, MD. Pennsylvania Hospital, Eighth and Spruce Streets, Philadelphia, PA 19107. 


584 


COMPLICATIONS OF INTUBAT.ON 585 


TABLE 1. IMMEDIATE COMPLICATIONS 


Nasal cavity Trachea 
Septal abrasion Abrasion 
Dislocation Laceration 
Alar rim abrasion Rupture 
Tearing Main bronchus intubatian 
N Tube dislodgment 
asopharynx s 
Abrasion Esophagus 
Laceration Abrasion 
O Laceration 
ropharynx phe) 
Li Perforation 
ip abrasion ; 
Intubation 
Laceration Swallowed tube 
Mandibular dislocation 
Fracture Equipment failure 


Tube breakage 
Obstruction 


Dental injury 
Aspiration of tooth 
Dislocation 


Hypophary nz Cuff obstruction 
Abrasion ; 
: Fragmentation 
Laceration 


Perforation Tube ignition (laser) 


Neurogenic reflexes 


Larynx : 
a? iol Pharmacotherapeutic 
Abrasion F 
: side effects 
Laceration 


Dislocation 
Vocal cord paralysis 
Aspiration 


ations, the larynx may not be adequately visualized, 
inadequate muscle relaxation may be present and 
endotracheal tube selection may be limited.'”’ 


Blanc and Tremblay’ describe three types of neu- 
rogenic reflex activity associated with the act of in- 
tubation. Laryngovagal reflexes produce laryngo- 
spasm and bronchospasm as well as bradycardia, 
arrhythmias and hypotension. Laryngosympathetic 
reflexes may be related to increased catecholamine 
levels and produce tachycardia, arrhythmias and 
hypertension. Laryngospinal reflexes produce 
coughing, vomiting and bucking.’ 


Transient sialadenopathy has been reported dur- 
ing intubation. The etiology is unclear, but neuro- 
muscular blocking agents, belladonna drugs, suc- 
cinylcholine and straining have been implicated.*® 


Time of Intubation. The most common complica- 
tions during the time of intubation relate to im- 
proper ventilation. The tube position may be 
shifted during repositioning of the patient or by the 
operating surgeon. The tube may thus be advanced 
against the tracheal wall or into the main bronchi 
or withdrawn into the larynx or hypopharynx. En- 
doscopic equipment may interfere with proper ven- 
tilatory function and may shift tube position, pro- 
duce kinking or lacerate the tube or cuff. Inappro- 
priate cuff pressure may produce obstruction of the 
tube lumen by compression or by prolapse of the 
cuff over the tube tip. Rupture of the trachea has 
been reported during the time of intubation and 
may be related to excessive cuff pressure. This is 
especially true in elderly patients and in those em- 
physematous patients with a thin, friable posterior 
tracheal membrane. Rupture can lead to severe 
hemorrhage, pneumomediastinum and pneumo- 
thorax. The cuff also may burst or adhere to the tra- 
cheal wall, leaving fragments within the endobroa- 


chial tree Vocal cord paralysis may result as a con- 
sequence of events during intubation. Excessive cuff 
pressure within the trachea may directly injure the 
recurrent laryngeal nerve. The diffusion of anes- 
thetic gas2s into the cuff may increase the original 
pressure levels. Toxic neuritis may result from fail- 
ure to clear agents used to cleanse the tubes. Ethy- 
lene oxide has been implicated most commonly.*” 


With tie increased use of the CO, and argon 
lasers in sirgery, the problem of incinerating endo- 
tracheal tubes with subsequent severe endobron- 
chial injuries is well recognized. The use of metal 
endotracheal tubes and careful attention to detail 
has limited the incidence of that complication." 


Toxicity from products used to sterilize endotra- 
cheal tubes has been reported. Ethylene oxide and 
formaldel yde require periods of degassing before 
use er chemical burns of the trachea may result." 


Neurogenic reflex complications are also present 
at the tine of intubation and are similar to those 
present during the act of intubation. ' 


Act of Extubation. Difficulty with extubation 
may result from failure or inability to deflate the 
cuff. wit subsequent trauma to the larynx. Such 
trauma may range from simple abrasion to avulsion 
and dislocation injuries. Failure to deflate the cuff 
may produce recurrent laryngeal nerve injury by 
compressing the anterior branch of the nerve 
against the thyroid cartilage. The cuff or fragments 
of the endotracheal tube may become fixed to the 
tracheal wall and remain within the endobronchial 
tree. Traeheomalacia may be congenital or pro- 
duced by prolonged internal cuff pressure or exter- 
nal pressure from paratracheal masses. This can 
result in tracheal collapse and respiratory obstruc- 
tion. Occasionally, a patient may bite the tube and 
produce airway obstruction.'*°" 


Neurogenic reflex complications are present both 
during extubation and intubation. Laryngospasm 
and bronchospasm as well as cardiac arrhythmias 
are most common. ' 


EARLY COMPLICATIONS 


Most complications of intubation are not ap- 
parent until extubation is accomplished and may 
present in the early or late postextubation period. 
The hazards associated with the process of placing 
and remowing the endotracheal tube have been dis- 
cussed and are relatively predictable. The residua 
produced by the presence of the endotracheal for- 
eign body are particularly complex and insidious. 
Damage may result wherever the tube comes in 
contact w th tissue, although the larynx and trachea 
are particularly at risk (Table 2). 


Hilding' has shown that significant damage to 
the epithelium of the larynx and trachea occurs reg- 
ularly with intubation. Injuries varied from des- 
quamation and ulceration to separation of the epi- 
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TABLE 2. EARLY AND LATE COMPLICATIONS 
Early Late 


- Site Complications Complications 


Nasal cavity Edema Alar rim erosion 
Ulceration Septal perforation 
Epistaxis Synechiae 
Infection Dysosmia 
Nasopharynx Edema Ulceration 
Ulceration Stenosis 
Infection Eustachian tube dysfunction 
Oropharynx Edema Tongue erosion 
Ulceration Pharyngeal wall erosion 
Infection 
Larynx Edema Granuloma 
Ulceration Webs 
Infection Synechiae 
Vocal cord Stenosis 
polyps 
Trachea Edema Stenosis 
Ulceration Tracheomalacia 
Infection Tracheoesophageal fistula 
Hypopharynx Edema — 
Ulceration — 
Infection — 


thelium from the basement membrane. The most 
serious injury occurred in the posterior larynx in- 
volving the cricoid cartilage and the vocal process of 
the arytenoids. The injury was related to the curva- 
ture of the endotracheal tube as it rested against the 
posterior larynx, which acts as a fulcrum forcing the 
distal end of the tube against the anterior tracheal 
wall. Hyperextension of the cervical spine and in- 
traoral displacement of the tube further aggravate 
this mechanical advantage produced by the laryn- 
geal fulcrum." 


Edema is frequently noted along the path of the 
endotracheal tube. Those areas most commonly in- 
volved are the epiglottis, aryepiglottic folds, and 
retroarytenoid and subglottic spaces wkere the 
presence of a loose submucosal attachment lends it- 
self to the collection of edematous fluid. Although 
the degree of edema is typically of minor conse- 
quence, significant fluid can collect in these areas, 
pushing the epiglottis posteriorly or limiting vocal 
mobility with subsequent inspiratory obstruction. 
The most compromised area of postintubation 
edema is the subglottic space. Here the cir- 
cumferential cricoid cartilage forces expansion of 
mucosal tissue into the airway lumen. The small 
diameter of the infant and child’s airway is par- 
ticularly at risk.'!°-'? 


As a result of edema, the patient may complain of 
hoarseness, sore throat, dysphagia, cough and, less 
commonly, dyspnea. The symptoms are typically of 
brief duration, clearing within 72 hours of extuba- 
tion. Rarely does edema require reintubation or tra- 
cheotomy. 


Intubation has also been linked to laryngeal in- 
competence and aspiration; this is related -o a sen- 
sory and mechanical impairment of the glottis. The 
sphincteric function of the laryngeal folds is limited 
by the presence of edema and inflammaticn in the 


intrinsic musculature and cricoarytenoid space. 
The problem is typically a transient one, resolving 
within 12 to 24 hours following extubation.” 


Injury beyond edema may result from brief per- 
iods of intubation. Donnelly’? has shown that intu- 
bation as brief as one hour was associated with loss 
of mucosal epithelium. Prolonging intubation led to 
progressive injury and ischemic necrosis with bac- 
terial infestation after 24 hours. Intubation beyond 
45 hours is associated with perichondritis of the 
vocal process and cricoid laminae and after 96 hours 
severe damage can be found in these areas. 111214 


Symptoms of ulcer formation are similar to those 
associated with edema. Pain is a more prominent 
complaint and the duration may be more pro- 
longed. The most distressing aspect of these intuba- 
tion injuries is their potential for developing into 
more severe late complications. 


LATE COMPLICATIONS 


Some mucosal damage is associated with every 
intubation. Most injuries are minor and heal with- 
out incident. More severe injuries result in mucosal 
erosion and chondritis. Granulation tissue often de- 
velops and wounds heal by secondary intention 
with an exuberant production of collagen. Because 
new collagen has a tendency to contract, a web or 
cicatrix develops and stenosis ensues. Although 
these changes may take place wherever the endotra- 
cheal tube rests, the vast majority are found in the 
larynx and trachea (Table 2), 


A number of factors act alone or in concert in 
contributing to the frequency and severity of late 
complications. These include size of the tube rela- 
tive to the size of the larynx and trachea, duration 
of intubation, shape and chemical composition of 
the cuff and tube, chemical irritants used in the 
cleansing of the tube, inflation pressure of the cuff, 
movement of the tube within the trachea, and intu- 
bation trauma. In addition, the biologic vulnerabil- 
ity of the mucosa resulting from infection. diabetes, 
hypotension, anemia and other underlying disease 
states has a clear influence. 


The most common late complication is granulo- 
ma formation. It typically becomes apparent sever- 
al weeks following extubation as symptoms of 
hoarseness, sore throat and dysphagia develop. The 
posterior aspect of the larynx, especially the area of 
the vocal process of the arytenoid, is most common. 
ly involved. The thin mucosa and sparse submuco- 
sal space in this area make the cartilage susceptible 
to injury. The diameter of the endotracheal tube is 
maximal between the arytenoids, and repetitive 
stretching of tissue together with tube and laryngeal 
motion may produce significant repetitive insult. 
The posterior cricoid plate is subject to similar in- 
jury. The mechanical disadvantage of tube place- 
ment in this area has been discussed. ':2:!!:12:14 
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Following the production of granulation tissue in 
this area, the reparative process may lead to the 
development of scar formation. Depending upon 
the pathogenicity of the process, simple narrowing 
of the posterior commissure and minor restriction of 
vocal cord mobility may result, synechiae and webs 
may develop or a circumferential cicatrix form. Fi- 
brous tissue formation may cause ankylosis of the 
cricoarytenoid joints and narrow the subglottic 
space, resulting in severe laryngeal stenosis. 


A similar sequence of events may occur in the tra- 
chea as a result of excessive cuff pressure or tube tip 
erosion. A minor area of insult may be followed by 
spontaneous resolution, or a devastating sequence 
of events may produce stenosis, tracheomalacia or 
even tracheoesophageal fistula. The same factors 
which influence the incidence and severity of laryn- 
geal complication act within the trachea. The pres- 
ence of the endotracheal cuff adds a new dimen- 
sion, however. Cuff pressures in excess of 30 mm Hg 
produce a deficit in capillary perfusion, yet this lev- 
el is often exceeded during intubation. Modern low- 
pressure, high-volume cuffs produce and maintain a 
compliant seal at safe pressures, but with overinflation 
even these cuffs become injurious.'''?'*"'° 


DISCUSSION 


It is difficult to cite comparable statistical data 
on complications of intubation, although reports in 
the literature suggest that careful scrutiny of in- 
tubated patients would most likely show some in- 
jurious effect of the process. Hoarseness is the most 
common complaint and has been reported in 70% 


of patients.’ Stauffer et al? found symptoms of sore 
throat, cough, sputum production and hemoptysis 
in descending frequencies ranging from 40% to 
10% of patients studied. Dixon et al” reported a 
5.5% incidence of postintubation stridor. Tonkin 
and Harrison'* noted severe laryngeal damage in 
4.2% of 166 long-term intubated patients. 


The incidence of granuloma varies from 1:800 to 
1:30 as reported in the literature. Most granulomas 
resolve spontaneously, although Lindholm removed 
seven postintubation granulomas in 312 patients 
studied.* 


Stauffer et al? reported tracheal stenosis follow- 
ing intubation in 19% of patients studied with to- 
mography. Although not clinically significant, this 
finding is in marked contrast to the 1% incidence 
reported by Lindholm‘ and illustrates the variabili- 
ty of statistical information on complications re- 
ported in the literature. 


SUMMARY 


In summary, endotracheal intubation with cur- 
rent, inert, low-pressure, high-volume cuffed tubes 
is a safe procedure associated with few complica- 
tions in the vast majority of patients. However, 
complications related to mechanical difficulties and 
mucosal injury can occur even under ideal circum- 
stances. Immediate complications are primarily as- 
sociated with problems during intubation and extu- 
baticn while early and late complications represent 
the short- and long-term effects of epithelial 
trauma. 
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quire a tracheotomy tube, and 4 have had decannulation (1 had successful reconstructive surgery of the trachea). Medical treatment con- 
sisted of cyclophosphamide, with or without corticosteroids. All 17 are currently alive, the average follow-up having been 81 months. The 
otolaryngologist plays a key role in the detection and management of patients with Wegener's granulomatosis. particularly when the onset 
is a sudden progressive upper tracheal obstruction with airway symptoms that may overshadow the sometimes more subtle nasal manifes- 
tations. 


Wegener's granulomatosis is a specific granulo- tients with subglottic or tracheal involvement ini- 
matous disease categorized with the respiratory vas- tially had nasal and paranasal manifestations of the 
culitides and characterized by necrotizing granu- disease, and in many patients, other organ systems 
lomas and vasculitis of the upper and lower respira- were affected (Table). The nasal and paranasal 
tory tracts, systemic vasculitis and focal necrotizing findings, which have been described before,’ consist 
glomerulitis. The concept of limited Wegener's mostly of nasal obstruction, bloody rhinorrhea, 
granulomatosis, that is, lesions fulfilling the mor- nasal crusting and bleeding, and, in many cases, 
phologic characteristics above and localized to cer- perforation of the nasal septum and nasal dorsal 
tain areas or groups of sites, has already been wide- saddling. Systemic symptoms that typically were 
ly accepted’ and the nasal and paranasal manifesta- out of proportion to the upper airway symptoms 
tions, in particular, are recognized.? were observed in almost all patients. These symp- 


toms consist of malaise, fatigue, night sweats and, 


Other sites in the upper airway, sucì as the usually, migratory arthralgias. 


mouth, notably the gingiva, and the oropharynx, 


can be involved but seldom are. Involvement of the Pulmonary involvement, ordinarily heralded by 
nasopharynx is commonly associated with subse- a cough, with or without hemoptysis, and demon- 
quent eustachian tube dysfunction, and otologic in- strated by roentgenographic changes of single or 
volvement with serous otitis media as ie. wenden multiple cavitating lesions, was noted in 4 of the 17 
manifestation has also been described.>* In addi- patients. Concomitant renal involvement, charac- 
tion, vasculitis involving the cochlear artery, which terized by abnormal urinary sediment, proteinuria 
may cause sensorineural deafness, has been de- and the presence of hyaline casts and red cells, was 
scribed.’ The third type of otologic involvement is observed in 5 of the 17 patients, and m each of these 
chronic mastoiditis with chronic otitis media and patients an elevated serum creatinine level S 
destruction of the middle ear.‘ found. The skin was involved in 3 of the 17 patients. 
Cutaneous lesions characteristically are small, red 
Reports of Wegener's granulomatosis involving and slightly raised and are most commonly found 
the glottis and supraglottic larynx have been con- on the lower limbs and occasionally on the upper 
spicuously absent. What concerns us, the-efore, is extremities. They resemble tiny tick bites, and on 
the following report on 17 patients with proved We- biopsy, specimens show a vasculitis similar to the 
geners granulomatosis in whom subglottic and morphologic changes in other involved sites. In one 
tracheal stenosis developed during the course of the patient, concomitant mononeuritis multiplex was 
disease. found. 
CLINICAL EXPERIENCE Involvement of the ear, generally serous otitis 


media, with or without chronic middle ear or mas- 
toid changes, was noted in 5 of the 17 patients. Two 
of the five had associated sensorineural hearing loss. 


Since 1964, 108 patients, 54 male and 54 female, 
with biopsy-proved Wegener's granulomatosis have 
been examined and treated at the Mayo Clinic. The 
ages ranged from 8 to 75 years. Each of the 17 pa- Involvement of the orbit was seen in 8 patients, 5 
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ORGAN SYSTEM INVOLVEMENT BY 
WEGENER’S GRANULOMATOSIS IN PATIENTS 
WITH TRACHEAL INVOLVEMENT (N= 17 


No. of 

Organ Patients 
Trachea 17 
Nose 17 

Eye 

Orbital mass 5 
Cornea-sclera 3 
Ear 5 
Kidney 5 
Lung 4 
Skin 3 
Central nervous system (mononeuritis multiplex) l 


of whom had an orbital mass. One patient with an 
orbital mass had extension of the disease from the 
nose to the orbit, with marked periorbital swelling 
and a tumefactive process that involved the entire 
orbit and resulted in marked proptosis. The remain- 
ing 4 patients with orbital masses had pseudotumor; 
in 1 the pseudotumor was not of the type associated 
with Wegener’s granulomatosis, and in the 3 other 
patients with orbital involvement, the pseudotu- 
mors were of the histologic type ordinarily seen 
with Wegener’s granulomatosis.’ 


The three remaining patients with ophthalmel- 
ogic involvement had corneoscleral disease, gener- 
ally a conjunctivitis, and one patient had a margin- 
al corneal ulceration. 


In 14 of the 17 patients, tracheal symptoms and 
signs, usually hoarseness with increasing strider, 
were observed shortly after or concomitant with the 
nasal manifestations. 


There was a different pattern, however, in three 
patients. In two, tracheal involvement developed 
that was characterized by hoarseness and strider, 
51, and nine years, respectively, after the initial 
nasal involvement was reported. The third patient, 
in whom tracheal symptoms developed concomi- 
tantly with involvement of the nose and orbit, cid 
not require tracheotomy until 12 years later. 


Tracheal Involvement. Each of the 17 patients 
had an identical type of tracheal lesion. On the 
average this was a 3- to 4-cm stricture of the upper 
portion of the trachea, usually a circumferential 
narrowing. The appearance of the lesion as observ- 
ed on direct laryngoscopy was typical. Grossly. a 
reddish, friable, circumferential narrowing was 
seen just below the cords. In no instance was the 
distal part of the trachea involved. Tracheal 
tomograms clearly delineated the narrowed area. 


Diagnosis. The investigation of each of the pa- 
tients has been described before® and consisted of 
paranasal sinus and pulmonary roentgenography, 
urinalysis, complete blood count and determination 
of the serum creatinine level. Flow-volume loop 
studies (Fig. 1) and tracheal tomography (Figs. 2 
and 3) were helpful in determining both the severity 


of the tracheal stricture and the success of treat- 
ment. 


In each case, nasal biopsy was performed in the 
operating room with the patient under local anes- 
thesia (cocaine anesthesia supplemented by intra- 
venous sedative medication). Crusts had to be 
removed and then biopsy specimens of the friable 
mucosa underneath could be taken liberally. Cul- 
tures were done in each case to rule out specific 
fungal insections that can cause a granulomatous 
picture similar to Wegener's granulomatosis. In 3 of 
the 17 pacients, tracheal biopsies were performed, 
revealing tissue consistent with Wegener's granulo- 
matosis in each case. 


Treatment. In nine patients, tracheotomy was 
necessary. Six of the 9 patients required tracheot- 
omy shortly after the diagnosis was made, but in 3 
others it was delayed. 


Each o° the patients was treated with cyclophos- 
phamide, with or without corticosteroids. We or- 
dinarily ase both agents in patients who have a 
fulminating disease, especially in cases in which 
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Fig. 1. Flow-volume loop study. A) Before treatment. 
Both inspiratory and expiratory peak flows are reduced. B) 
After treatment. Inspiratory and expiratory peak flows 
have increased. 
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Fig. 2. Soft-tissue swelling associated with narrowing of 
subglottis due to Wegener's granulomatosis. 


renal failure is present. In these instances, treat- 
ment with high doses of prednisone (60 to 80 mg a 
day) is begun immediately and is maintaired until 
the disease is under control as indicated by an im- 
proved erythrocyte sedimentation rate anc a more 
normal serum creatinine level. At that time, cyclo- 
phosphamide therapy (approximately 2 mg/kg per 
day as a single morning dose) is instituted. After 2 to 
3 weeks, the prednisone dosage is reduced g-adually 
and is ultimately tapered off completely. We con- 
tinue cyclophosphamide therapy for 1 year beyond 
the last evidence of active disease and agree with 
Fauci et al” that there are dramatic responses to this 
agent in patients with Wegener's granulon atosis. 


Fig. 3. A.B) Irregular narrowing 
of upper portion of trachea. 





In patients with a more benign or indolent course 
but no renal involvement, glucocorticoids may not 
be necessary and cyclophosphamide may be used 
alone. 


RESULTS 


All patients are alive at the time of this writing, 
the average follow-up having been 81 months. Al- 
though five patients must still use tracheotomy 
tubes (later converted to a valved speaking tube), 
four others have undergone successful decannula- 
tion. One of these had successful tracheal recon- 
struction. 


DISCUSSION 


Sudden and progressive stridor due to upper tra- 
cheal narrowing is a challenging problem for the 
otolaryngologist. Specific nontraumatic and 
nonneoplastic causes have been reported’ which in- 
clude sarcoidosis, amyloidosis and relapsing poly- 
chondritis. Each of these conditions must be consid- 
ered. 


Sarcoidosis has certain manifestations that are 
not seen in patients with Wegener's granulomatosis: 
diffuse pulmonary infiltrates with or without bilat- 
eral hilar adenopathy, occasionally increased serum 
level, and hypercalciuria. In addition, even though 
nasal mucosal changes occur in sarcoidosis,'°'' there 
are not the major ulcerative findings as seen in 
Wegener's granulomatosis. Moreover, sarcoidosis 
usually involves the supraglottic larynx rather than 
the trachea. '? 


Aryloidosis, when it does involve the trachea, is 
associated either with systemic amyloidosis or with 
multiple myeloma. When localized to the trachea, 
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it usually occurs as a small, localized mass and not 
as a long, subglottic narrowing."' 


Relapsing polychondritis remains to be differenti- 
ated from Wegener’s granulomatosis when the pa- 
tient presents with nasal and tracheal symptoms 
and signs. There is some help in making the distinc- 
tion, however. First, patients with relapsing poly- 
chondritis do not have the nasal and nasopharyn- 
geal mucosal destruction that we note in Wegener's 
granulomatosis. Moreover, the mucosal tissue in 
Wegener's disease usually yields the characteristic 
diagnostic findings. In relapsing polychondritis, the 
diagnosis is difficult to make by examining tissue 
from any site because the chondrolysis and other 
cartilaginous changes are relatively nonspecific and 
are seen only in the acute stage, at which time there 
is a certain appropriate reluctance to perform biop- 
sy on an inflamed nose or pinna. In addition, other 
hallmarks of Wegener’s granulomatosis, such as 
glomerulitis, skin changes and cavitating lesions on 
lung roentgenograms, are not characteristic of re- 
lapsing polychondritis. However, there are features 
— corneoscleral changes, nasal dorsal collapse and 
otologic manifestations (sensorineural deafness and 
serous otitis media) — that are similar to those 
observed in Wegener’s granulomatosis.'? On the 
other hand, the enlarged, reddened (and later de- 
formed) pinna, classic in relapsing polychondritis, 
has been seen in only one of our patients with We- 
gener’s granulomatosis. In addition to the nasal mu- 
cosal differences, the other differentiating feature 
between the two diseases seems to be the extent of 
tracheal involvement. In all patients in this series, 
the stricture was short (3 to 4 cm) and was directly 
below the glottis; the distal portion of the trachea 
was spared in all cases. Relapsing polychondritis, 
on the other hand, can involve the whole trachea 
and even extend into the adjacent bronchi. 


We would again like to make a distinction be- 
tween Wegeners granulomatosis and another 
disease so often confused with it, polymorphic 
reticulosis. The specific differences, notably mor- 
phologic contrasts, absence of otologic and renal in- 
volvement in polymorphic reticulosis, and dif- 
ferences in the response to treatment, have been 
referred to before.'* We would like to add yet 
another differentiating feature in that we have 


observed tracheal involvement in only one of our 
patients with polymorphic reticulosis.'* This is an 
interesting addition because the pulmonary in- 
volvement in both diseases is very similar. 


In this context, we have continued to use the term 
“polymorphic reticulosis” in preference to “lympho- 
matoid granulomatosis.” The latter term is inac- 
curate but is at least an improvement over the old 
name of “lethal midline granuloma,” a wholly 
clinical and entirely nonspecific term under which 
Wegeners granulomatosis is still often discussed. 
Although polymorphic reticulosis is not necessarily 
the perfect term to describe a lymphomalike disease 
separate trom Wegener's granulomatosis, it “stands 
at the watershed of the literature,” links old and 
new reports and terms and consolidates them into a 
“sound, broad nosologic concept.’”® 


The variations in behavior of the tracheal lesion 
in tais group of patients and their response to treat- 
ment is noteworthy. The eight patients who did not 
need tracheotomy probably had a slightly less ag- 
gressive type of disease or were treated earlier (or 
bota). These reasons probably explain the fact that 
in three of the patients decannulation was feasible. 
The other decannulated patient had resection of the 
strieture with successful tracheal repair. 


The problems of any reconstructive surgery in pa- 
tients with Wegener’s granulomatosis are the same, 
whether the site of repair is nasal, orbital, otologic 
or tracheal. Most patients receive continuous im- 
munosuppressive treatment; in addition, the disease 
does reactivate, as evidenced by the development of 
tracheal lesions in two patients some years after the 
initial upper airway lesions were controlled. This 
brimgs up the question of whether the disease be- 
haves as a “continuum,” being contained for a 
while in one part of the airway, only to skip and 
manifest itself later in another. These reasons, we 
believe, explain why surgical repair may not be at- 
tempted at all or, if performed, has poor results. 


Finally, we find it difficult to explain the higher 
incidence of tracheal involvement in our female pa- 
tients — 16 cases versus the single case in a male pa- 
tient — especially when involvement of other parts 
of the airway is similar in the two sexes. 
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The Fourth World Congress on Bronchoesophagolegy will take place at the Foresta Conference Center in Stockholm, Sweden, June 
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Ann Otol Rhinol Laryngol 91:1982 


WEGENER’S GRANULOMATOSIS APPEARING INITIALLY 
IN THE TRACHEA 


J. CARLOS ARAUZ, MD 


ROLANDO FONSECA. MD 


BUENOS AIRES, ARGENTINA 


We treated ten patients with Wegener's granulomatosis whose clinical picture differed only in the stage of the disease at the time of the 
first visit. All patients were female with a mean age of 30 years and all presented wath a picture of high tracheal obstruction. Three died 


and six have a permanent tracheostomy. Surgical treatment was unsuccessful: 


cyclophosphamide induced remission. 
complishing decannulation. 


In 1936, Wegener’ described the symptomatolog- 
ic triad of necrotizing granulomatous processes in 
the upper and/or lower respiratory tract, necrotiz- 
ing glomerulonephritis and generalized vasculitis of 
small arteries and veins. 


In 1959, Atkins and Eisman? introduced this 
disease to laryngologists and reported that it was 
not always lethal and that incomplete forms could 
occur. They felt that the prognosis could be im- 
proved by immunosuppression. 


Recently, De Remee et al’ suggested the classi- 
fication E, L and K be used for limited Wegener's 
granulomatosis. This classification is based on the 
anatomical regions involved. The classification E 
includes ears, nose and pharynx; L includes larynx, 
trachea and lungs; and K designates kidneys. The 
classic pathologic features are denoted as ELK, but 
also the combinations EL, EK and LK may occur. 


Since 1959, we have treated ten patients with 
Wegener's granulomatosis who were first seen with- 
out a definite diagnosis. All were female and had 
respiratory obstruction due to subglottic involve- 
ment. 


Illum and Thorling* reported 4 cases in a series of 
17 who had a picture similar to that of our 10. At 
the time of diagnosis, we classified 3 as L, 4 as EL 
and 3 as ELK. In none of the cases was a biopsy 
helpful in establishing the diagnosis with certainty. 
This has been reported previously in other series. 
We believe that the diagnosis must be made on clin- 
ical grounds and, in some cases, according to the 
response to corticosteroids and cyclophosphamide. 


The possibility of Wegener’s granulomatosis must 
be kept in mind, particularly in patients with a his- 
tory of chronic otitis or sinusitis.*° In this series 4 
patients had typical nasal deformity, 2 had lesions 
in the ear, and | had an ocular lesion. The findings 


corticosteroids provided only transient improvement but 


Removal of the stenosis either by open surgery or endoscopically by laser was not successful in ac- 


on lateral x-ray films of the neck were similar in all 
cases. Seven of the 10 patients are alive and 6 re- 
quired permanent tracheostomy.’ Two patients were 
treated with surgical resection and end-to-end 
anastomosis, with transitory improvement. Corti- 
costeroids provided only transient benefit. but cy- 
clophosphamide induced remission and improved 
the prognosis. 


CASE REPORTS. 


Case 1. A 24-year-old woman (Figs. 1 and 2) 
complained chiefly of dyspnea of two months’ dura- 
tion. The medical history was noncontributory. In- 
direct laryngoscopy revealed subglottic infiltration 
and the biopsy specimen showed chronic inflam- 
mation. Chest x-ray films revealed pulmonary le- 





Fig. 1. (Case 1) Lateral neck x-ray film showing subglottic 
and upper tracheal stenosis (arrow). 


From the Hospital de Clinicas, la. Catedra de O.R.L., Universidad de Medicine de Buenos Aires. 
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Fig. 2. (Case 1) Endoscopic view showing subglottic and 
upper tracheal stenosis. 


sions, but tuberculosis was ruled out. Results of uri- 
nalysis were consistent with glomerulonephnitis. 


Treatment with cyclophosphamide resulted 
marked improvement of the patient’s renal status. 
The subglottic stenosis persisted and the lesion 
became cicatricial. After three years the at-ending 
internist agreed to perform surgery, and the lesion 
was removed, with end-to-end anastomosis of the 


trachea. Although the subglottic narrowing im- 
proved, it was impossible to remove the tracheos- 
tomy tube. The patient remains in good general 
health six years after the initial diagnosis. 


Case 2. A 64-year-old woman presented with 
chief complaints of cough, nasal congestion and epi- 
staxis of two months’ duration. Recently she had de- 
veloped dyspnea and hoarseness. On physical exam- 
ination the vocal cords moved normally, but there 
was narrowing of the upper third of the trachea, 
particularly in the subglottic area, and the trachea 
collapsed on expiration. She had been admitted to 
another hospital two years previously with skin le- 
sions ard articular pains. A skin biopsy yielded 
results thought to be consistent with collagen 
vascular disease. 


During the patient's final admission, respiratory 
function tests showed upper airway obstruction 
with the following values: pH, 7.34:PCo,, 46; PO», 
60. Her chest x-ray film showed a cavitary pulmo- 
nary lesion. She died after four days despite tra- 
cheostomy and medication. Autopsy revealed a 
granulomatous process in the trachea with fibrinoid 
necrosis and focal glomerulonephritis. 
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ANATOMIC ABNORMALITIES IN OBSTRUCTIVE SLEEP APNEA 


DALE WILMS, MD 


JOHN PoOPOVICH, MD 
SHIRO FUJITA, MD 


WILLIAM CONWAY, MD 
FRANK ZORICK, MD 


DETROIT, MICHIGAN 


Both muscular hypotonia and anatomic abnormalities have been implicated in the pathogenesis of the obstructive sleep apnea syn- 
drome (OSAS). The upper airways of 25 patients with OSAS were evaluated to detemmine potential sites of obstruction. Significant airway 
compromise was found in all patients with some patients having multiple sites of airway narrowing. 


INTRODUCTION 


Obstructive sleep apnea syndrome (OSAS) is due 
to intermittent collapse of the upper airway. Both 
muscular hypotonia and anatomic compremise of 
the airway have been implicated in its pathogenesis. 
Sleep apnea and upper airway obstruction have 
been demonstrated in patients with a variety of 
structural abnormalities of the upper airway and 
OSAS is commonly associated with obesity. To de- 
termine the contribution of structural abnormalities 
of the upper airway to OSAS we evaluated the up- 
per airways of 25 patients with the disorder. 


MATERIALS AND METHODS 


The upper airways of 25 consecutive adult men with OSAS 
demenstrated by standard polysomnographic techniques were 
evaluated. The characteristics of these patients are shown in 
Table 1. All patients were somnulent and had typical manifesta- 
tion of OSAS. The airway was evaluated by both direct inspection 
and fiberoptic visualization. The oropharynx and hypopharynx 
were evaluated for potential obstruction in the anteroposterior 
(AP) and lateral dimensions. The larynx was evaluated for its 
overall potential to obstruct the airway. Scoring of the airway ab- 
normalities was performed by the examining physician and by 
two reviewers of video recordings of the airways, with the majori- 
ty opinion of the appropriate score accepted. The structures were 
given a score of 1 to 3, a score of 1 being within the normal range 
and a score of 3 representing significant airway narrowing. 


With the patient in the sitting position, the uvula, a potential 
source of obstruction in the AP dimension of the oropharynx, was 
given a relative size score. For the uvula scoring was as follows: 1 
— nermal in size; 2 — either elongated or widened to twice nor- 
mal size; and 3 — both elongated and widened. 


For evaluating the remainder of the airway nasopharyngolar- 
yngoscopy was performed using an Olympus BF-3 bronchofiber- 
scope. The patients were premedicated with intramuscular 
atropine and the nasal and oropharyngeal mucosa was anesthe- 
tized with topical 2% lidocaine. With the patient awake and su- 
pine, the bronchofiberscope was passed transnasally. The findings 
were recorded with still photography and the Circon color micro- 
video system. Still photographs were taken during inspiration. 


The lateral dimension of the oropharynx was evaluated in 
terms of encroachment on the bronchoscopic visual field by the 


lateral walis of the oropharynx when the bronchoscope tip was 
positioned at the distal nasopharynx. The airway was scored as 
follows: 1 — lateral walls well beyond the bronchoscopic visual 
field; 2 — lateral walls approximately at the edge of the broncho- 
scopic visual field; and 3 — lateral walls within the bronchoscopic 


visual field. 


The hypepharynx was also scored in the AP and lateral dimen- 
sions The base of the tongue, which contributed to the AP nar- 
rowimg, was evaluated in terms of obstruction of the broncho- 
scopic visual field when the tip of the bronchofiberscope was posi- 
tioned halfway between the distal nasopharynx and the epiglottis. 
The relative degree of obstruction was scored as follows: 1 — one 
fourth of the visual field obstructed by the base of the tongue; 2 — 
half ef the visual field obstructed: and 3 — three fourths or more 
of the visual field obstructed. The lateral dimension of the hypo- 
pharynx at the level of the epiglottis was scored relative to the out- 
side diameter of the bronchoscope: thus, 1 — lateral dimension 
three or mere bronchoscopic diameters: 2 — width approximate- 
ly two bronchoscopic diameters; and 3 — width one or less bron- 
choscopic Giameters. 

The larynx was evaluated for narrowing by the lateral wall of 
the airway and redundancy of the aryepiglottic folds and was 
scored as fellows: 1 — normal; 2 — appeared narrowed because 
of redundancy of the arytenoid mucosa and/or the aryepiglottic 
folds: and 3 — potential for airway obstruction by redundant 
aryepiglottic folds and/or arytenoid mucosa. 


The oropharynx and hypopharynx were considered abnormal if 
the sum of the AP and lateral scores was 5 or 6; the larynx was 
considered abnormal if the score was 3. 


RESULTS 


Airway abnormalities were found in all patients 
evaluated. These included oropharyngeal obstruc- 
tion in the AP dimension by the uvula and obstruc- 
tion in ‘he lateral dimension by bulging lateral 
walls. The hypopharynx was obstructed in the AP 
dimension by a large base of tongue and was also 
found to be narrowed laterally at the level of the 


TABLE 1. CHARACTERISTICS OF PATIENTS IN STUDY 


Range Mean 
Age 33- 59 48 
Percent ideal weight 101-197 153 
Apneic episodes hr 29- 87 62 


From the Pulmonary Medicine Division (Wilms, Popovich, Conway), Otolaryngology Department (Fujita), and the Sleep Disorders Center (Zorick), 


Henry Ford Hospital, Detroit. 
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TABLE 2. SITES OF OBSTRUCTION IN 
UPPER AIRWAY (N = 25) 


No. of Patients % 
Oropharynx 19 76 
Hypopharynx ll 44 
Larynx 2 8 
> 2 sites 9 36 


epiglottis. Aryepiglottic abnormalities contributed 
most significantly to potential obstruction at the 
larynx. 


A summary of the distribution of areas of abnor- 
malities is shown in Table 2. The oropharynx was 
most commonly abnormal with the larynx being the 
least common abnormal site. 


DISCUSSION 


The sleep apnea syndrome with excessive daytime 
sleepiness, disturbed sleep, and loud snoring is a 
well-established entity. Polysomnography has dem- 
onstrated obstruction of the airway in patients with 
sleep apnea, but the pathogenesis of the obstruction 
remains unclear. A variety of anatomic abnormali- 


ties have been associated with the syndrome. -+4 In 
many cases, particularly those associated with obe- 
sity, no anatomic abnormality has been described 5 


Reports disagree regarding the site of obstruction 
with the oropharynx, epiglottis and larynx all being 
implicated. Direct observation with fiberoptic in- 
struments along with cinefluoroscopy and electro- 
myography of the oropharyngeal muscles have 
aided in understanding the pathogenesis of upper 
airway obstruction.” While important in the respi- 
ratory cycle, it is not clear that oropharyngeal mus- 
cle dysfunction is the only pathologic mechanism in 
those patients previously felt to have no structural 
abnormalities.‘ 


CONCLUSION 


Significant airway compromise was found in all 
patients with OSAS. The abnormalities were fre- 
quent and often occurred at multiple sites. Our data 
suggest that structural abnormalities of the airway 
along with previously described neuromuscular dys- 
function cause airway obstruction in OSAS. 
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BRAINSTEM EVOKED POTENTIALS IN ADULT SLEEP APNEA 
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Brainstem evoked potentials (BSEP) were recorded in 23 patients with adult sleep apnea (ASA). These patients were studied with all- 
night polysomnography prior to our testing. They were categorized as having obstructive, central, or mixed sleep apnea depending on the 
predominant sleep findings. All patients with central sleep apnea had abnormal BSEP with prolongation of wave V. A majority of the re- 
maining patients with obstructive sleep apnea and mixed sleep apnea had abnormal BSEP, but without specific configurations. These find- 
ings substantiate our hypothesis that brainstem dysfunction may play a role in ASA. 


INTRODUCTION CENTRAL OBSTRUCTIVE MIXED 


A population of people with sleep disturbance 
have sleep apnea. Apnea is the cessation of airflow 
past the nose and mouth for greater than 10s’. 
Episodes that occur more than 30 times per night 
may be considered to be sleep apnea. These patients 
can be further categorized as having apnea of either 
central or peripheral etiology. Those with obstruc- ms 
tive sleep apnea (OSA) make persistent respiratory 
effort in spite of an anatomical obstruction to 
airflow. Patients with central sleep apnea (CSA) 
make no respiratory effort during the apneic 
periods. A mixed group (MSA) exists with both cen- 
tral and obstructive components. 





7.50 


At this time we do not understand the mechanism 5.50 
of sleep apnea of central origin. A theoretic con- Left Eor Right Eor Left Ear Right Eor Left Ear Right Eor 
sideration is that patients with the central disorder A 
have an abnormality in the brainstem. A reliable 
method of distinguishing central from obstructive 
apnea would be clinically useful for diagnostic con- 


CENTRAL OBSTRUCTIVE MIXED 









sideration and therapeutic decision-making. Brain- 5.50 
stem evoked potentials (BSEP) might, therefore, 
provide information about brainstem abnormalities 500 
in patients with adult sleep apnea (ASA). m 
S 
METHODS haik po vi 

Twenty-three patients with ASA underwent BSEP. These peo- : : 
ple had been diagnosed with all-night polysomnography (electro- 4.00 
encephalogram, electrocardiogram, electromyogram, nasophar- 
yngeal and oropharyngeal airflow monitors, and chest actograms) : 
on two consecutive nights at the Western Psychiatric Institute and 3.50 
Clinic. Patients were then categorized as having CSA if respira- 
tions ceased during the apnea. Obstructive apnea was diagnosed 300 
when a respiratory effort was evident while the patient was a ne : 
apneic. Mixed apnea constituted a short CSA followed by a longer or Right Ear  LeftEor Right Eor Left Ear Right Ear 
obstructive component. Pure-tone and speech audiometry were B 
performed prior to BSEP. Two patients had a mild high-frequen- 
cy sensorineural hearing loss, but no patients were excluded from Brainstem evoked potentials. A) Absolute latencies of wave 
the study because of hearing loss. The BSEP data was interpreted V. Normal range 4.90 to 6.80. B) Interpeak latency dif- 
by an otologist who was unaware of any individual patient's diag- ference-of peaks I-V. Normal range 2.90 to 3.90. 
nosis. 
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Brainstem evoked potentials were recorded with the patient sit- 
ting in a sound-insulated room using the forehead and the mastoid.” 
The stimulation consisted of 2,000-Hz tone-bursts, 5 ms in dura- 
tion, with a rise and fall time of 0.2 ms (to 90% and 10 % of max- 
imal amplitude, respectively). The hearing level corresonded to 
85 dB. The tone-bursts were presented with an interst mulus in- 
terval of 150 ms and three tests were performed in each ear. Each 
test consisted of the averaged responses to 2,048 tae-bursts. 
Recordings were analyzed with regard to 1) the absolute latency 
of wave V and 2) the interpeak latency difference of peaxs I-V. 


RESULTS 


Forty-seven percent of our patients had CSA. 
There were equal numbers of patients with OSA 
and MSA in the remaining 53%. 


All patients with CSA had prolonged latencies of 
wave V, two of them had bilateral changes and the 
remaining four had a unilateral latency shift of 
wave V. The interpeak latency difference (ILD) I-V 
was abnormal in all cases with unilateral or bilat- 
eral abnormalities. Three subjects with OSA had a 
normal latency of wave V and normal ILD I-V. 
Seven patients had bilateral prolonged latencies of 
wave V with an increased ILD I-V except for one 
ear. One patient had a unilateral wave V shift, but 
with normal ILD I-V. The mixed group showed the 
same variations as the patients with OSA. Taree pa- 
tients had bilateral wave V abnormalities and two 
had unilateral changes. All of these had normal 
ILD I-V. Only one patient had normal latencies for 
wave V (the Figure). 


DISCUSSION 


The findings in this study support the assumption 
that a CNS component plays some role in CSA. A 


majority of patients with OSA and MSA also had 
abnormal tracings. It is unlikely that the mixed or 
obstructive patients have sleep apnea without a cen- 
tral component. The CNS control of pharyngeal 
musculature may be the important link between 
CSA and some patients in the other two groups. The 
underlying cause of the abnormality (ie, biochemi- 
cal, histopathological, etc) is not known at this 
time. 


Nodar et al’ reported BSEP findings in six chil- 
dren at risk for sudden infant death syndrome 
(SIDS). The etiology of SIDS may be due to a break- 
down in the central control of the breathing pro- 
cess. In this series, every BSEP was abnormal but no 
specific configuration could be delineated. 


In 1981, Mosko et al* used BSEP to study five 
adults and one child with OSA. All were normal. 
Oxygen desaturation effect on brainstem neurons 


had neither an acute nor chronic effect as noted by 
the BSEP results. 


In this series, all patients with CSA had pro- 
longed absolute latencies of wave V. This differs 
from aforementioned studies in that the abnormali- 
ty is specific. Seventy-six percent of patients with 
OSA and MSA had abnormal patterns, but the ab- 
normalities were varied. 


Multiple theories have been proposed to explain 
the underlying cause of ASA. The constant finding 
of increased latencies of wave V in CSA suggests a 
CNS role in the etiology. The fact that a single 
BSEP abnormality does not exist in MSA and OSA 
may indicate that there is more than one patho- 
physiologic mechanism involved in these groups. 
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USE OF FOLEY CATHETER FOR REMOVAL 
OF ESOPHAGEAL FOREIGN BODIES 


A SURVEY 


W. FREDERICK McGuirT, MD 


WINSTON-SALEM, NORTH CAROLINA 


A survey was conducted among otolaryngologists, thoracic surgeons, pediatric-surgeons and pediatric radiologists to determine the 
frequency of removal of esophageal foreign bodies with a Foley catheter. The 245 physicians responding reported 1,512 cases, 96% of 
which were treated with this technique by radiologists and pediatric surgeons. Although no deaths or serious complications were reported, 
the author warns that increasing use of this procedure by nonendoscopists carres the risk of serious complications unless certain safeguards 
are taken. These include trained personnel, use of fluoroscopy, a cooperative patient with a single, smooth, radiopaque foreign body 
lodged in the esophagus and a barium esophagogram with negative results fcr total obstruction and underlying esophageal disease. 


INTRODUCTION pediatric surgeons completed half of the returned 
quescionnaires, they reported 96.2% of the pro- 
cedures: otolaryngologists and thoracic surgeons 
comleted almost half of the questionnaires, but ac- 
courted fer only 3.8 % of the procedures performed. 


In 1966, Bilger’ reported the removal of esoph- 
ageal foreign bodies by use of a Foley catheter. 
Since that initial report, numerous articles have 
appeared?’ in the radiological, general surgical amd 


pediatric literature endorsing the procedure. Few Only five of the 84 otolaryngologists stated that 
articles have been written by thoracic surgeons and they had ever used the technique; of those five, two 
bronchoesophagologists; those that have appeared reported they no longer used it. Six of the 35 thorac- 
have tended not to favor Foley catheter removal of ic surgeons stated that they used the technique. In 
esophageal foreign bodies. Thus, the main advo- cont-ast. 57 of the 109 pediatric radiologists 
cates of the procedure are specialists who have not (52.3%) who responded had used the technique, as 
had specific training in the care of patients with had six of the 15 pediatric surgeons. Surprisingly, 
foreign bodies in the upper aerodigestive tract. The otoleryngologists in 11 large teaching institutions 
lack of supportive articles by thoracic surgeons and stated that the procedure was not done in their in- 
bronchoesophagologists may imply an unfavorable stitucions. while radiologists from the same institu- 
attitude toward the technique and a preference for tions reported a series of cases and enthusiastically 
continued use of classical methods of extraction. endcrsed the procedure. 

In an effort to obtain better documentation of the A large majority of users performed the pro- 
procedure and its results, the author sent a ques- cedure in a fluoroscopy suite, although nine re- 
tionnaire to the directors of approved residency pro- sporclents used the technique in a blind manner in 
grams in otolaryngology and thoracic surgery and the office, the emergency room or an operating 
to members of the Society for Pediatric Radiology. suite. Only eight of the nonendoscopists who re- 
Recipients were asked if they and other physicians sponded used the technique with the assistance of 
in their departments used a Foley catheter for re- someone skilled in endoscopy, conventional extrac- 
moval of esophageal foreign bodies and, if so, to de- tion techmiques and airway management. Another 
scribe the technique used and the number of cases ten respondents reported a physician other than the 
treated. Information was also obtained on compli- radiologist in attendance in the fluoroscopic suite 
cations and indications and contraindications for during the procedure, but did not describe resusci- 
the procedure. This report discusses the results of tative or intubation equipment. 


the survey. 
No deaths were reported by the respondents, and 


only 25 complications were listed, none of long 


DESI duretion. Complications included 19 nosebleeds, 

Of the 540 questionnaires distributed, 245 were four coins dislodged into the nose, one case of 
returned. A total of 1,512 cases were reported. As hyperpyrexia and one case of laryngospasm. These 
can be seen in Table 1, although radiologists and minor complications may have been more prevalent 
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TABLE 1. SUMMARY OF RESPONSES 


Questionnaires Returned 






Specialtt %o 
Radiology 109 44.5 
Otolaryngology 84 34.3 
Thoracic surgery 35 14.3 
Pediatric surgery* 15 6.1 
Miscellaneous* 2 0.8 
Total 245T 


Respondents Using Procedure 





Reported Cases 
% of Specialty 
















No. Grou No. % 
57 52.3 1,226 81.1 
5 6.0 
58 3.8 
Epl 
40.0 228 15.1 
] 50.0 
75 1,512 


“Recipients in the first three categories were asked to pass the questionnaire on to a more appropriate physician if they did not feel qualified to answer 


the questions. +’ 
tOf 540 questionnaires sent 45.4% were returned. 


than reported, since almost all were reported in the 
smaller series of cases; only one respondent with a 
series of more than 25 cases reported a complica- 
tion. 


Failure to remove the foreign body by this tech- 
nique was mentioned by some of the respondents re- 
porting small series. Most reporters of large series 
did not cite a failure rate. The author's conclusion 
was that probably no more than 15% of attempts 
were unsuccessful. In five cases failure to detect 
underlying strictures was reported because the ex- 
traction was performed without concomitant bar- 
ium esophagography. 


Descriptions of the technique varied, but the ma- 
jority of respondents reported using fluoroscopy and 
a No, 12 to No. 16 Foley catheter through the anes- 
thetized nose. Most performed the procedure with 
the patient positioned head-down and on the side 
and restrained if struggling. The importance of us- 
ing a symmetrically inflated balloon catheter was 
mentioned by several respondents. 


Indications for the Foley catheter technique 
ranged from “coins only,” noted by the majority of 
respondents, to “any foreign body,” reported by one 
respondent. In general, respondents preferred the 
technique for removal of any smooth, radiopaque 
object and avoided using it for removal of sharp, 
rough or irregularly shaped objects. 


The acceptable interval between time of lodg- 
ment and treatment varied, ranging from not over 
12 hours to “no restrictions.” Most respondents, 
however, stated that an interval of 48 to 72 hours 
was the maximum within which the technique 
should be used. Most respondents using the pro- 
cedure did not recommend it for patients having 
known preexisting local disease or lesions identified 
by a barium esophagogram. 


DISCUSSION 


These data indicate that removal of esophageal 
foreign bodies with a Foley catheter has proved to 
be an uncomplicated and effective method. How- 
ever, the procedure is being done by persons not 


. 


trained in other methods of foreign-body extraction 
or airway maintenance, whereas persons who have 
the capability to perform all methods continue to 
prefer endoscopic removal. 


The argument for the latter procedure is that it 
does not put the airway at risk. Compromise of the 
airway was not a reported complication but the 
possibility remains that obstruction can occur. The 
fact that physicians may perform it repeatedly 
without major complications does not make re- 
moval with a Foley catheter the safer procedure. 
While deaths have occurred relative to endoscopic 
esophageal foreign body removal. they are ex- 
ceedingly rare and generally have been due to pre- 
existing airway compromise and erosive esophagitis 
secondary to the foreign body and not to the pro- 
cedure itself. Endoscopic removal is the method of 
choice by physicians capable of using all methods of 
extraction. 


Those who argue against the use of a Foley cath- 
eter maintain that an underlying or associated dis- 
ease may be missed: a second, unidentified foreign 
body may be left behind: blind manipulation of a 
rough foreign body or of a second, unsuspected for- 
eign body may perforate the esophagus; radiation 
exposure may be prolonged if the procedure is done 
under fluoroscopic control: emotional trauma may 
be experienced by a patient, particularly a child, 
who has to be restrained forcibly; and that manipu- 
lation of the foreign body in the nonanesthetized 
esophagus may be painful. 


Those who advocate the procedure maintain that 
it is cost-effective in that no admission and no 
operating room charges are incurred; it is less emo- 
tionally traumatic since no general anesthetic is re- 
quired; and it can be performed in outlying areas 
not having adequate anesthesia and endoscopic fa- 
cilities. 


Based on the data it would seem that removal of 
an esophageal foreign body with a Foley catheter is 
a procedure that, while technically feasible and ap- 
parently safe, should be reserved for specific cases 
and used only when strict safety precautions are 
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TABLE 2. PREREQUISITES FOR FOLEY CATHETER 
EXTRACTION OF ESOPHAGEAL FOREIGN BODY 


Cooperative patient 
Smooth, inert, radiopaque foreign body 
Duration of lodgment less than 48 to 72 hours 


Barium esophagogram yielding negative results for total obstruc- 
tion, multiple foreign bodies and underlying esophageal disease 


Fluoroscopy available 


Endoscopist standing by 


followed (Table 2). In the patient with airway com- 
promise the method is definitely contraindicated, as 
it is in the patient with total esophageal obstruction 
shown by preliminary barium esophagogram, and 
in the struggling, restrained, frightened child. Co- 
operation is needed from the patient with a foreign 
body in the pharynx if he or she is not to aspirate or 
reswallow the object as it is being removed. Even 
the patient who is willing to cooperate but who has 
a strong gag reflex may not be able to prevent 
aspiration or reswallowing. 


The emotional trauma experienced by an unco- 
operative patient who must be restrained may be 
far greater than that which may occur during gen- 
eral anesthesia and endoscopic removal. 


If the procedure is done, it should be performed 
under fluoroscopy and restricted to smooth, inert, 
radiopaque objects that have no risk of perforating 
the esophagus and can be watched as they are ex- 
tracted (Table 2). If the object is inert, a time 
limitation of 48 to 72 hours seems reasonable. A 
barium esophagogram should always be done be- 
fore removal is attempted to investigate the possibil- 


ity of underlying disease, complete esophageal ob- 
struction er a second, nonradiopaque foreign body. 


During the procedure, the patient should be 
placed in a head-down, lateral position to minimize 
aspiration. In the fluoroscopy suite (or surgical suite 
with fluoroscopy) where the procedure is done, air- 
way maintenance equipment, endoscopic grasping 
instruments and endoscopes must be available as 
well as trained personnel. If attempts to remove the 
foreign body with a Foley catheter are unsuccessful, 
the procecure should not be continued. 


Because of the discrepancy in reports of otolar- 
yngologists and radiologists from the same institu- 
tions. it is advised that endoscopists consult with 
their local radiology colleagues to see if Foley 
catheters are being used to remove esophageal for- 
eign bodies. If so, the endoscopist should help estab- 
lish strict criteria for use of the procedure and offer 
assistance when it is performed. Or, if an endo- 
scopist has strong negative feelings about the pro- 
cedure, the arguments must be made known to col- 
leagues in the emergency department and in the 
community where he or she practices. Specific criti- 
cisms and suggestions must be made by the endo- 
scopist since an increasing number of radiologists, 
emergeney-medicine physicians and medical practi- 
tioners are using this technique for removing for- 
eign bodies from the esophagus. If contraindica- 
tions are not emphasized and complications not 
reported, the procedure may continue to be ac- 
cepted and performed by an increasing number of 
physicians not specifically trained in airway 
management. 
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A SIMPLE ENDOSCOPIC INTUBATION TECHNIQUE 
IN ESOPHAGEAL OBSTRUCTION 


ENJE TH. EDENS, MD Jos J. VAN OVERBEEK, MD 


GRONINGEN, THE NETHERLANDS 


Endoscopic intubation was effected in 42 cases of malignant esophageal stenosis during the period 1979-1981. The stenosis was dilated 
with the aid of thermoplastic probes passed through a rigid esophagoscope of sufficient length, whereupon a tube was introduced under en- 
doscopic control and left in situ in the malignant stricture. This “rigid” technique is suitable for processes confined to the esophagus. In- 
troduction of the tube requires adequate endoscopic skill and is not devoid of risk. Perforation, the gravest risk, occurred in two cases. Prox- 


imal tube migration was observed in five patients. 


INTRODUCTION 


Even before the turn of the century intubation 
was used in the treatment of malignant processes of 
the esophagus by Sir Charles Symonds,’ who re- 
ported the first successful intubation in 1835. In his 
comprehensive textbook of laryngoesophagology 
the renowned London laryngologist Morell Mac- 
kenzie? also described an indwelling esophageal 
tube. Distal migration of this tube was prevented by 
means of sutures which were knotted via tke nostrils 
around the ears or even to the moustaches. In 
France Guisez* developed a tube on the pr-nciple of 
the Pezzer catheter and in Germany Briinings and 
Albrecht* regularly treated patients with catheters 
of their own design. In the United States Mosher’ 
and subsequently Holinger® designed an esophageal 
endoprosthesis. In 1924 the English surgeon Sir 
Henri Souttar’ introduced a metal tube of silver 
alloy with a thin coating of gold. Its spizal shape 
was later modified by Amman and Colliz.* In the 
course of the next 30 years, neither endoscopists nor 
surgeons took any interest in palliative intubation. 


After 1954 it was felt that it might be better to 
pull a tube through a stenosis via a gastrostomy in- 
stead of pushing it through. The Mousseau-Barbin® 
and subsequently the Celestin’? tubes were the first 
examples of this pull-through type. 


Since 1970 the high incidence of immediate post- 
operative mortality revived the demand jor a safe 
endoscopic technique.'''? Various endoprostheses 
designed and constructed in the course of the years 
are described in an excellent review by Earlam and 
Cunha-Melo' (Fig. 1). 


Since Tytgat et al'? published their desc-iption of 
an intubation technique with a flexible esopha- 
goscope in 1976, we have become interested in this 
type of palliation, and have developed a similar 
technique using a rigid tube. 


The construction of the Edens-Prins rigid insuf- 
flation esophagoscope (Fig. 2) has paved the way 
towards optimal localization of the tumor site."4 In 
view of the risk of perforation we refrained from us- 
ing the extension tubes developed in Haslinger’s 
original design: instead, we have asked the instru- 
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Fig. 1. Various types of endoprostheses. 
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ment industry to provide tubes varying in length 
from 25- to 50-cm in 5-cm intervals. They enable 
the endoscopist to select the appropriate tube length 
on the basis of information obtained by barium 
swallow examinations. This rigid insufflation tech- 
nique is not a necessary condition for successful 
therapeutic endoscopy, but it facilitates the search 
for the site of the stenosis. 


TECHNIQUE 


The procedure can be performed under local an- 
esthesia, but we prefer general anesthesia. After tu- 
mor localization the esophageal lumen is dilated 
with the aid of thermoplastic bougies (Riischelit 
esophageal bougie, Willy Riisch Co, Rommelshaus- 
en [Stuttgart], West Germany, and Rusch Inc, New 
York, NY). 


To ensure maximum flexibility, the most distal 
5-cm length of these dilators is immersed in boiling 
water for at least five minutes. 


Next, the stenosis is quickly dilated with the par- 
tially flaccid probes increasing in diameter from 10 
to 34 French. Due to its maximum flexibility, the 
dilator tip seeks the path of least resistance. Rupture 
is usually avoided because dilation is effected very 


gradually. 


The degree of dilation is determined by the exter- 
nal diameter of the tube. The maximum dilation ef- 
fected with a flangeless Celestin tube (length, 18 
cm: external diameter, 12 mm) is 34 French. 


At the Groningen ENT Department we use sever- 
al different tubes: Celestin-simple (Ambletin Ltd), 
Celestin-flange (Medoc Ltd) and Atkinson (Key- 
med), each of which is available in various 
diameters and lengths. We prefer the shortest 
Celestin tube without flange. 


After dilation to a diameter slightly smaller than 
the external diameter of the tube to be introduced, 
a thin probe which fits snugly in the tube is left in 
situ in the stenotic part. The rigid endoscope (with 


Fig. 2. Edens/Prins esophagoscope provided 
with optical forceps (Richard Wolf, Knittl- 
ingen, West Germany, and Medical Instru- 
ments Corp., Rosemont, III). 


the tumor distance marked) is removed, and the 
selected irternally siliconized tube is slipped over 
the probe n situ and manually pushed as far distal- 
ly as possible. An assistant is asked to keep the 
dilator fixed in position. The previously removed 
esophagoscope is reintroduced immediately along- 
side the probe in order to push the upper edge of the 
tube through the cricopharyngeal muscle into the 
esophagus Exerting a little pressure, the endos- 
copist can leave the tube in situ in the stenosis (Fig. 
3). After verification of the distance between maxil- 
la and tumor, the dilator can be removed. Reflux of 
gastric juice is often visible when the lower rim of 
the tube liss in the stomach. 


It is acvisable to verify the intactness of the 
mucosa at the lower rim of the tube with the aid of 
a flexible endoscope of suitable size (Olympus BF- 
B3 or Gif 23). The rigid esophagoscope can then be 
removed. Immediately after this procedure an anti- 
emetic, 10 mg (one ampoule) of metoclopramide 
(Primperan), is given intramuscularly and is re- 
peated three times daily for three days. Chest x-ray 
films, anteroposterior and lateral, are made to con- 
trol the pesition and to exclude perforation. 


The first liquid food can be given six hours after 
the operation. One day later a barium swallow ex- 
aminatior is done to verify the exact position and 
patency o the tube. When the end of the endopros- 
thesis lies in the stomach, the patient should be ad- 
vised to assume a sitting position in order to prevent 
reflux. 


RESULTS 


Endoscopic intubation was requested for 45 pa- 
tients during the period 1979-1981. In three cases 
the attem ot was unsuccessful due to distal tumor lo- 
calization. A carcinoma of the cardia region with 
extension żo the stomach is not suitable for the tech- 
nique described above. The Tytgat technique is in- 
dicated im such cases. Endoscopic intubation was 
successfuLy effected in 42 cases. 
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Fig. 3. Four important stages in endoscopic intubation. A) 
doprosthesis slipped over a thin 21 French probe. C) Esophagoscope placed immediately alongside pro 





D 


Tumor dilation till 34 French a opiat bougie. B) En- 
) 


e to push down upper 


edge of endoprosthesis. D) Endoprosthesis in place after removal of 21 French bougie. 


In two patients with an esophagobronchial 
fistula the coughing ceased immediately. Perfora- 
tion due to rupture occurred in two cases. This com- 
plication was successfully treated conservatively by 
suction drainage of saliva, antibiotic medication 
and parenteral feeding. One patient died due to 
aspiration pneumonia. Tube migration occurred in 
five cases. Migration of the endoprosthesis can be 
prevented by using a flanged tube. The flange, 
however, makes introduction much more difficult 
due to the local increase in external diameter. The 
mean survival measured from time of intubation to 
death was 62 days. 


CONCLUSIONS 


When the passage of food is impeded by malig- 
nant processes in the esophagus or mediastinum. 
adequate palliation can be effected by endoscopic 
intubation. In the hands of experienced endoscop- 
ists, the procedure has complications which are ac- 
ceptable. A careful follow-up is required for timely 
identification of problems of pain control. tumor 
overgrowth or pressure necroses. Thus monitored. 
the patient can look forward with confidence to an 
unmistakably improved quality of life. 
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INCENDIARY CHARACTERISTICS OF ENDOTRACHEAL TUBES 
WITH THE CARBON DIOXIDE LASER 


SUPPLEMENTAL REPORT 


C. THOMAS YARINGTON, JR, MD 


GALE E. THOMPSON, MD 


SEATTLE, WASHINGTON 


In a previous report’ we provided the results of 
experimental studies utilizing American Hospital, 
Portex, polyvinyl chloride and red rubber tracheal 
tubes in conjunction with a Cavitron carbon diox- 
ide laser, indicating the levels of combustion with 
regard to time and watts for each tube. Subsequent 
to the publication of this report, a Silastic en- 
dotracheal tube which purports to have a threshold 
of combustion of approximately 700° or higher was 
brought to our attention by the Medical Engi- 
neering Corporation. 


In reduplicating the experimental studies ac- 


complished with the other tubes, we were unable to 
achieve combustion in this tube at the maximum 
power and time settings for our Cavitron laser in an 
environment of 20% oxygen. Using 5-s bursts of 
continuous application of the laser at the highest 
power se ting achieved only a mild excoriation of 
the tube, without any evidence of combustion. 


As a result of these studies, it would appear that 
the Silastic tube might offer a reasonably safe route 
for anesthesia when using the carbon dioxide laser 
and oxygen levels of approximately 20%. 
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ra : T Theighition of an endotracheal cuff by CO, laser impaction has proved troublesome in several ignition sequences. Metal foil tape 
` wrapped aroyndl the shaft of the tube will provide adequate protection for it, but the tape does not extend to the thin-walled cuff. When 


normal saline solution is used instead of air to fill the cuff, heat is rapidly conducted away from the wall and the cuff is prevented from 
reaching its kindling temperature. If penetration should occur, a fine jet of saline.solution instantaneously sprays the field, extinguishing 
any early combustion. The reaction time of the surgeon or an assistant is not a factor in prevention of thermal injury, no new equipment is 


required and preparation time is minimal. 


INTRODUCTION 


As experience with the use of the CO, laser ac- 
cumulates, a greater awareness of the hazards and 
their correction has followed. 


Accidental ignition of the shaft of the endotra- 
cheal tube has been eliminated largely by wrapping 
the tube with self-adhering metal foil. This wrap is 
started immediately proximal to the thin-walled 
cuff and is continued in a spiral fashion toward the 
proximal end of the tube, usually stopping several 
centimeters short of the end. Flexion of the shaft of 
the tube may be done without exposing tne com- 
bustible wall to a possible CO, laser strike because 
the overlapping spirals of tape tend tc afford 
double-layered protection similar to the overlap- 
ping of shingles on a roof, 


The inflatable cuff on the distal end of the shaft 
cannot be wrapped because of its need to expand. 
Should the cuffed portion of the tube migrate from 
the deeper portion of the trachea to the subglottic 
region, it approaches the range of the CD, laser 
beam. Moist cotton pads with or without flam- 
mable nylon tethers may become dry or drift aside, 
providing little protection from an errant laser 
beam. High oxygen concentrations of up to 99% are 
conducive to vigorous combustion. Should che laser 
beam or a fragment of carbonized tissue contact the 
thin-walled, air-filled cuff, immediate ignition 
could occur. Extubation of the patient within one 
second would probably avoid thermal injury to the 
subglottic and/or tracheobronchial areas but a 
delay of two or more seconds could result in serious 
injury. 


To avoid accidental ignition of the cuff. several 
factors are recognized. Silicone rubber has an igni- 


From the Ochsner Medical Institutions, New Orleans. 


tion temperature of over 315°C while polyvinyl 
chloride plastic ignites at less than 149°C. Selection 
of a silicone cuff and tube will thus reduce com- 
bustibility. Latex rubber has an ignition tempera- 
ture intermediate between silicone and polyvinyl 
chloride; therefore a red rubber endotracheal tube 
with a latex cuff is intermediate in combustibility. 


Filling the cuff with an aqueous solution instead 
of air immediately reduces the combustibility of all 
three materials. The heat sink, or sump, is the heat- 
collecting property of the water which enables it to 
rapidly absorb and conduct localized heat away 
from the area of laser beam impact. The cuff wall 
does not reach ignition temperature and no com- 
bustion results. If, however, repeated pulses of the 
laser beam strike the cuff or if the beam is strong or 
continuous, the cuff wall will melt or become punc- 
tured. Instantly, a fine jet of solution will automati- 
cally spray the subglottic area, cooling and exting- 
uishing any early combustion (Figs. 1 and 2). Nor- 
mal saline solution is used rather than water in case 
any fluid finds its way into the alveoli of the lungs. 


Filling the cuff with normal saline solution re- 
quires approximately five seconds more than filling 
it with air because of the increase in viscosity of the 
water. Approximately two minutes is required to 
prepare the cuff for intubation. Evacuation of air 
from the cuff is accomplished by filling and empty- 
ing the cuff with saline solution while digitally 
manipulating the air bubble to the orifice of the fill- 
ing catheter inside the cuff as it is emptied. With 
some practice, this becomes a simple task and cre- 
ates a built-in, automatic sprinkler system. 


Special awareness of the flammability of small 
pediatric tubes which lack a cuff should be main- 
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Fig. 1. A) Silicone rubber endotracheal tube with adhe- 
sive-backed aluminum tape wrapped around shaft and cuff 
filled with normal saline solution. B) After impact by two 
pulses of CO, laser beam, streams of saline solution spray 
environment of cuff. 


tained. If a small tube is selected because of the re- 
duced size of the glottic chink, remember that it is 
also shorter as well and that the unprotected bev- 
eled distal tip could be lying immediately beneath 
the cords where it is vulnerable to laser impact. Se- 
lection of a silicone rubber tube and the use of a pull 
cord for rapid extubation will help. Tracheotomy 
tape moistened and passed around the tube between 
the tip of the tongue and the lower central incisor 
teeth performs well as an emergency pull cord and 
can be held by the operator's left hand as the final 
stage of papilloma removal by laser is made. Extu- 
bation is readily accomplished in less than one sec- 
ond. 


DISCUSSION 


Studies on ignition potential of some of the com- 
monly used endotracheal tubes have yielded vary- 
ing results. Treyve et al' reported that polyvinyl 
chloride was less flammable, but Meyers,’ Patel and 
Hicks? and Norton et al* described red rubber as less 
flammable. Wainwright and associates’ believe 
that all rubber plastic materials burn in 100% ox- 


Fiz. 2. A) Endotracheal tube and cuff constructed of poly- 
vinyl chloride. Cuff is completely filled with normal saline 
solution: contains no air babble: Shaft is protected by 
metal tape. B) Moments after impact by two pulses of CO, 
laser, plame of smoke rises from cuff as streams of saline 
arch away from impact sites, creating automatic sprinkler 
system effect, extinguishing any early combustion. 


ygen and recognize the need for a nonflammable 
plastic tube which they hope to have available soon. 


The cuff rather than the shaft of the tube seems to 
have been the kindling site of a certain number of 
endetracheal fires®’” as well as two of our own.* The 
prompt replacement of the deflated cuff tube with a 
tube having an intact cuff is supported by several 
authors.’ ’ 


A desirable feature of a silicone rubber tube is 
that when there is continuous impact by a laser 
beam of 20W or more, an expanded ash forms 
which serves as a heat shield or insulator. Exposure 
of greater than one minute may be needed to pene- 
trate the unprotected shaft. 


CONCLUSION 


The CO, laser operator can minimize the risk of 
troublesome ignitions by selecting materials of low 
combustion potential, using saline solution in place 
of air in cuffed endotracheal tubes, and exercising 
vigilance in the quick extubation of ignited tubes. 
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UNIVERSAL ENDOSCOPIC COUPLER 
FOR CARBON DIOXIDE LASER SURGERY 


ROBERT H. Ossorr, DMD. MD 


MARC S. KARLAN. MD 


CHICAGO, ILLINOIS 


A new set of endoscopic couplers has been designed by the authors for laparoscopic, arthroscopic and bronchoscopic carbon dioxide 
laser surgery. Certain safety features have been incorperated into this design which heretofore have been unavailable. The bronchoscopic 
coupler was designed with a gimbeled, partially reflecive germanium window to facilitate direct. coaxial vision with the laser beam. A 
“joy stick” has been incorporated into the design to allow the surgeon to manipulate the helium-neon-aiming laser within the lumen of the 
bronchoscope. Bronchoscopes as small as 4 mm in dia neter and 30 to 40 cm in length have been used with this coupler. 


The carbon dioxide (CO,) laser was couy led to a 
ventilating bronchoscope in 1973 by Strong and his 
colleagues! in Boston and was first presented? to our 
specialty at the 1974 annual meeting of the Ameri- 
can Broncho-Esophagological Association n Palm 
Beach, Florida. Andrews and Horowitz? r2viewed 
their experience with bronchoscopic CO, laser sur- 
gery in 1980. 


These reports represented a logical exteasion of 
the clinical application of the CO, laser. Specifi- 
cally, use of the CO, laser coupled to a ventilating 
bronchoscope allows the surgeon to perform hands- 
off endoscopic surgery through the relatively long 
and narrow operative field of a ventilating bron- 
choscope. The advantages of precision, hemostasis. 
decreased postoperative edema and decreased scar- 
ring facilitate visualization and control cver the 
final result of the operation. 


A new set of endoscopic couplers has keen de- 
signed by the authors for laparoscopic, arth “oscopic 
and bronchoscopic CO, laser surgery. Certain safe- 
ty features have been incorporated into this design 
which heretofore have been unavailable. 


Most laparoscopic and arthroscopic prccedures 
are performed by a double-puncture technique. 
Therefore, the endoscopic coupler was cesigned 
with a gimbeled total reflector mirror: visuelization 
and instrumentation are performed througn a sec- 
ond endoscope. In cases where a single puncture 
technique is mandatory, the laparoscope or arthro- 
scope can be attached directly to the encoscopic 
coupler. 


Bronchoscopic CO, laser surgery must be per- 
formed utilizing only one endoscope. Therefore, the 
bronchoscopic coupler was designed with a gim- 
beled, partially reflective germanium wirdow to 
facilitate direct, coaxial vision (Fig. 14). The 

From the Department of Otolaryngology-Head and Nec< Surgery, 

Chicago. 


helium-neon-aiming laser beam is transmitted 
down the bronchoscope; this feature allows the sur- 
geon to visualize the precise area of tissue to be im- 
pacted. In the past, centering of the laser beam 
within the lumen of the bronchoscope took place 
prior to introduction of the bronchoscope into the 
patient's tracheobronchial tree. Because standard 
bronchoscopes are slightly flexible, slight bending 
of the bronchoscope after insertion into the patient 
could cause the laser beam to reflect off of its inside 
wall with subsequent loss of power and possible 
heating of the bronchoscope itself. The “joy stick” 
allows the surgeon to manipulate the helium-neon- 
aiming laser within the lumen of the bronchoscope. 
Therefore, the laser beam can be centered within 
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Fig. 1. A) Diagram of bronchoscopic coupler. B) Bron- 
choscopic coupler showing thumb screw attachment. 
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Fig. 2. A) Bronchoscope hinged on coupler by thumb 
screw. B) Bronchoscope (8 mm) attached to endoscopic 
coupler with 4-mm bronchoscope lying alongside. 


the bronchoscope while in the patient's tracheo- 
bronchial tree. Additionally, the laser can be aimed 
to impact anywhere within the optical field of the 


bronchoscope should the clinical condition call for 
it. 


The bronchoscope is attached to the endoscopic 
coupler by a thumb screw which passes through a 
mounting block on the side of the bronchoscope 
(Fig. 1B). The thumb screw acts as a hinge (Fig. 2A) 
to allow the coupler to swing away during insertion 
and instrumentation. An easy on/off adaptor has 
been designed to facilitate quick attachment and 
dislodgment of the bronchoscope to and from the 
coupler; the knurled thumb screw must be turned 
only 57° of the circle to accomplish this. 


The endoscopic coupler itself weighs approx- 
imately 420 g; this allows the surgeon to easily grasp 
the coupler with attached bronchoscope in one 


hand. 


Bronchoscopes as small as 4 mm in diameter and 
30 to 40 cm in length have been used in conjunction 
with this coupler (Fig. 2B). Changes in the prox- 
imal end of existing bronchoscopes must be made to 
assure proper fit and coaxial alignment of the scope 
to the coupler. A new family of such bronchoscopes 
sized 4 mm through 10 mm with built-in distal 
steam evacuation ports will be the subject of a 
future report. 
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ANESTHETIC GAS SCAVENGER FOR USE 
DURING OPEN RIGID BRONCHOSCOPY 


DAVID J. STEWARD, MB, FRCP(C) 


BLAIR FEARON, MD, FRCS(C) 


TORONTO, ONTARIO 


A simple, effective method of scavenging waste anesthetic gases from an open-end bronchoscope by the use of a standard anesthesia 


t-piece is described. 


Although closed-circuit anesthesia may De used 
for rigid bronchoscopy,' thus avoiding the dissemin- 
ation of anesthetic gases into the atmosphere, it is 
sometimes essential to have the lumen of the bron- 
choscope open. At such times potent volatile agents 
escape from the proximal lumen of the b-oncho- 
scope and may be inhaled by the endoscopist. Such 
inhalation of modern, potent vapors may lead to 





A 
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N 
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Fig. 1. A) Proximal end of Holinger bronchoscop2 with 
t-piece connector used to scavenge waste anesthetic gases. 
B) Bronchoscope with fresh anesthetic gases supp ied as 
shown, and excess gases escaping from proximal lumen di- 
verted into suction system. 





impaired performance or even induce sleep.” On 
rare occasions repeated exposures may precipitate 
chronic diseases such as hepatic dysfunction.’ 


Various methods have been used to protect the 
endoscopist and other operating room personnel 
from waste anesthetic gases. Masks provided with ac- 
tivated charcoal or a clean air supply may be worn. 
These methods are all cumbersome, however. 


To prevent the escape of anesthetic vapors from 
the proximal end of the open bronchoscope we have 
devised a simple but effective scavenging technique 
which employs readily available standard equip- 
ment. A standard anesthesia t-piece connector (Med- 
ical & Industrial Equipment, Niagara Falls, Ontar- 
io) is attached to the proximal end of the appropri- 
ate Holinger bronchoscope (Fig. 1A). The side-arm 
of the t-piece is attached to the operating room suc- 
tion systems. Anesthetic gases are supplied in the in- 
sufflation channel of the bronchoscope as usual, 
and excess gases escaping from the proximal lumen 
are diverted via the t-piece into the suction system 
(Fig. 1B). The anesthesia t-piece will fit a standard 
Holinger bronchoscope, is of similar internal diam- 
eter and does not obstruct the endoscopist’s view. 


In order to test the efficiency of this system we 
measured the concentration of nitrous oxide escap- 
ing from the proximal end of the bronchoscope after 
attaching the scavenging system (Fig. 2). Once suc- 
tion is applied to the system there is no leak of 
anestretic gases from the open end of the broncho- 
scope. 





Fig. 2. Measurement of nitrous oxide escaping from prox-, 
imal open end of bronchoscope, demonstrating effect of 
scavenging system. Suction is applied at arrow. 
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NINCDS NOTES* 


NEW HEARING STUDY SECTION ESTABLISHED 


The NIH Division of Research Grants is setting up a new Hearing Research Study Section for the peer review of applications in re- 
search and research training related to the structural and funetional bases of ear disorders and the mechanisms of hearing. Fifteen authori- 
ties in the auditory system and hearing disorders, including otolaryngology, otology, psychoacoustics and bioengineering, will comprise the 
section. The new section originates from the former Communicative Sciences Study Section, which is now the Sensory Disorders and 
Language Study Section. Both sections review applications for several NIH institutes, but are primarily concerned with research of interest 
to NINCDS. 


NINCDS REVISES EXTRAMURAL AND INTRAMURAL GUIDES 


NINCDS has updated two booklets describing funding and training opportunities for basic and clinical research in neurological and 
communicative disorders. NINCDS Extramural Research and Training Awards lists NINCDS’s research interests and explains how to ap- 
ply for available grants, contracts and awards for research in the basic neurological and communicative sciences, stroke and nervous system 
trauma, neurological disorders and communicative disorders. NINCDS Intramural Research Training Programs briefly describes research 
at NINCDS branches, laboratories and special units in Bethesda, Maryland. Training opportunities exist for holders of PhD, MD and 
similar degrees as staff fellows. Qualified medical students can obtain training in genetics or medical/surgical neurology in the Clinical 
Elective Program. Foreign investigators may be eligible for a visiting fellow, associate, or scientist position. Copies of booklets are available 
without charge from the Office of Scientific and Health Reports, NINCDS, Building 31, Rm. 8A06, 9000 Rockville Pike, Bethesda, MD 
20205. 


*This information is prepared monthly by the Office of Scientific and Health Reparts, National Institute of Neurological and Communicative Disorders 
and Stroke, National Institutes of Health, Building 31, Room A806, Bethesda, MD 20205; (301) 496-5751. 
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SCANNING ELECTRON MICROSCOPIC EXAMINATION 
OF NONBEATING CILIA 


JAMES P. DUDLEY, MD 
LANCE EISNER JAMES D. CHERRY, MD 


Los ANGELES, CALIFORNIA 


Cilia are cell organelles projecting from the sur- ring placed in a 125- x 16-mm screw cap tube with 1 ml Eagles 
face of respiratory cells. Since normally functioning basal medium (BME) containing HEPES buffer and 1 mg/ml am- 
cilia have a beating pattern in which cilia shafts al] picillin trihydrate. Ciliary activity was observed daily using a lens 


mth di i haw f cili with a magnification of ten and graded for vigor and extent of 
move in the same direction, the tips of cilia act as an cilia distribution on the ring. Ten rings were used for each exper- 


escalator for mucus and any bacteria or other for- iment, and the experiment was run in duplicate. In test cultures, 
eign substances enmeshed in the mucus. This move- the medium was not changed for the duration of the experiment. 
ment which they help to induce in the overlying In cultures serving as controls, the medium was changed every 
; ‘ i p four days, and 1 ml fresh medium was added. Representative 
ees layer hs probably the chief role which cilia rings were removed from test and control cultures every three 
have in respiratory membranes. We have demon- days, fixed in 2% glutaraldehyde and processed for SEM by 
strated, however, that large portions of ciliated res- postfixing in 1% osmium tetroxide, rinsed with phosphate buffer 
piratory mucosa are not covered by mucus.' Cilia in (0.135 M, pH 7.4), dehydrated with the ethanol series, critical- 
those segments devoid of mucus may have an addi- a dried with liquid carbon dioxide and coated with palladium 
tional function of preventing access of microorgan- = 
isms to the cell surface.* The density of 50 to 200 RESULTS 
erect cilia per cell on healthy respiratory membrane As noted previously by Cherry (unpublished ob- 
must certainly act as an impediment to bacteria, servations), ciliary activity in control cultures was 
mycoplasma and perhaps even viruses. On infected satisfactory even after 15 days of observation. On 
membrane we have demonstrated, however, that the 15th day ciliary activity was 82% and 67% in 
cilia do not maintain an erect position in relation to the control cultures in the first and second ex- 
the surface of the cell.? The cilia shafts on these cells periments, respectively (Table). In test cultures, 
are bent in such a way that easy access to the cell ciliary activity dropped to 51% on the 9th and 12th 
surface may be provided to microor ganisms. It has days of observation in the first and second ex- 
not been noted previously whether or not noamotile periments, respectively. In some of these tracheal 
cilia on uninfected membrane retain their density 
and external architecture, consequently providing a COMPARISON OF CILIARY ACTIVITY IN CHICKEN 


EMBRYO TRACHEAL ORGAN CULTURES WITH MEDIUM 


protective shield for respiratory cell membrene. Be- CHANGE EVERY FOUR DAYS AND NO MEDIUM CHAN 
STS 


cause ciliary activity in chicken embryo tracheal 


organ cultures does not continue unless the medium Fercent pte Activity 

is changed frequently, cultures can be observed un- Experiment Culinras 0 3 6 rf 12 15 

til no ciliary activity is noted. In order to determine l Convers 

whether alterations in the cilia occur, scanning (medium change) 94 93 90 78 82 89 

electron microscopy (SEM) was used to examine Test . 

nonmotile cilia. a 86 89 89 71 51 50 

2 Control ao oe : 
MATERIALS AND METHODS oo change) 87 87 80 73 70 67 
Tracheas were removed from 19- to 20-day-old chicken em- (no medium 
bryos, cut into ring sections 0.5 to 1 mm in thickness, and each change) 87 75 76 51 47 38 


From the Department of Surgery, Division of Head and Neck Surgery (Dudley), and the Department of Pediatrics, Division of Infectious Diseases 
(Cherry), UCLA School of Medicine, Los Angeles. This research was supported by grant CA 16042 from the Electron Microscopy Core Service of the 
UCLA Jonsson Comprehensive Cancer Center. 
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Fig. 1. Tracheal organ culture after three days of incuba- 
tion. Most cilia shafts are erect. Tips of cilia are not bent. 
Adjacent epithelial cells without cilia are present. (x 8.000) 


rings all ciliary activity had stopped. Those rings 
void of ciliary activity and other representative 
rings were processed for SEM. 


As expected, cilia looked normal on the third day 
of incubation (Fig. 1). The shafts were upright, the 
tips were not bent and there did not appear to be 
any coalescence of cilia shafts. Cilia distributien 
also appeared normal (Fig. 2). Although some ce ls 
lacked cilia, there was a normal pattern of cilia. By 
the 15th day, cilia shafts had coalesced (Fig. 3). 
Although the coalescence was an alteration in the 
usual pattern of cilia, ciliary activity remained ex- 
cellent in these cultures. Apparently, even when 
fused to a neighboring shaft, cilia were able to beat 
vigorously. 





Fig. 2. Tracheal organ culture after three davs of incuba- 
tion. Some nonciliated respiratory cells are present. Large 
areas of cilia appear normal. (x 800) 





Fiz. 3. Tracheal organ culture after 15 days of incubation 
w th medium change every four days. Although some cilia 
shafts are fused, ciliary activity in this culture was almost 
ncrmal. Piece of cellular debris is apparently being pro- 
pdled across cilia tips (arrows). (x 8,000) 


Nonmctile cilia shown in Figure 4 are from a 
12-day-old tracheal culture in which no medium 
change occurred. Cilia were abundant, and except 
for 2 few nonciliated cells, there did not appear to 
be eny gap or space between cilia shafts. Even 
though these cilia did not have visible movement, 
their appearance at a magnification of approx- 
imately 800 was not too dissimilar from cilia with 
normal movement. At higher magnification, how- 
ever cilia did not appear to be beating in the same 
direction (Fig. 5). Cilia having this appearance 
wou.d not be capable of metachronal beating. This 
cont-asted with normally beating cilia shown in 
Figure 6. These cilia all bend in the same direction 
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Fic. 4. Tracheal organ culture after 12 days of incubation 
with no medium change. Density of cilia appears normal 
with no gap bertween cilia shafts. (x 800) 
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Fig. 5. Tracheal organ culture after 12 days of inct bation 
with no medium change. Although cilia are present in nor- 
mal numbers, they appear slightly irregular and are not 
beating in same direction. (x 2.000) 


and are from a 15-day-old tracheal culture treated 
with medium change. 


DISCUSSION 


Although there is a disparity in the alignment of 
cilia shafts in tracheal cultures with beating and 
nonbeating cilia, their density remains similar. This 
barrier to the cell surface, which both beating and 
nonbeating cilia provide, may give cilia £ second 
role in defending the host. A “Maginot Line” of 
dense organelles would appear to make it difficult 
for bacteria, mycoplasmas and perhaps viruses to 
reach the cell membrane. Since it is the contact mi- 
croorganisms make with the cell surface which is 
toxic for that cell, retarding access to the cell may 
help to prevent cell death. Although the outer limit- 
ing membrane of a cilium is really an extension of 
the cell membrane, the toxicity produced by micro- 
bial proximity to these cell organelles may possibly 
be diluted. Since the role of microbial attacament is 
of importance in this toxicity, the effect of the pres- 
ence of these cell organelles may be to prevent or to 
prolong the time required for microbial pathogens 
to produce disease. Although evidence of this is 
lacking in vivo, there is evidence that this occurs in 
vitro. In Mycoplasma gallisepticum-infected chick- 





Fig. 6. Tracheal organ culture after 15 days of incubation 
with medium change every four days. These normally 
beating cilia have a regular appearance and are all inclined 
in one direction. Even after 15 days these cilia appear 
capable of metachronal beating. (x I,200) 


en embryo tracheal organ cultures, attachment to 
nonciliated surfaces occurs during the first day of 
incubation.’ Adherence to ciliated cells, however. 
does not begin until the third or fourth day of incu- 
bation. The presence of cilia appears to be a reason 
for this delay. Since a mass of healthy, erect cilia oc- 
cupy most of the space adjacent to the cell surface. 
adherence to ciliated respiratory cells is delaved un- 
til cilia become scrambled and lose their erect pos- 
ture. This irregularity in cilia shafts is no doubt a 
toxic effect of microorganisms which become en- 
meshed in the tips of cilia. This “opening up of the 
cell surface by the loss of ciliary regularity is prob- 
ably an early step in microbial attachment to that 
surface. 


Although cilia do not have a life independent of 
the cell from which they arise, there are some envir- 
onmental influences responsible for loss of ciliary move- 
ment. Reduced temperatures can induce decreased 
ciliary movement and sometimes cilia stasis.“ Alter- 
ations in pH apparently can do the same.’ Since 
there are times when normal cilia do not beat and 
perform their primary function of propelling mu- 
cus, a secondary function as a protector of respira- 
tory membrane may still be intact. 
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HIST RELIEVES 
ANTEHIS SYMPTOM 
YOU CAN THINK OF! 


SnNeeZing 
Kunny Nose 
Watery Eyes 

Sinus Pain 


Nasal Congestion 
Coughs 
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body Aches 


Treadache 





what you ve tried to do for 
the patient. ENTEX® LA 
(phenylpropanolamine HCl, 
75 mg; guaifenesin, 400 mg). 


Andadds 
one moi @, Because it gives 
patients just what they need, 


not what they don’t: decongestion and 
drainage, not antihistamine drying and 
drowsiness. | 
ENTEX LA produces a thin, free- 

flowing mucus that drains readily 
from decongested nasal passages; 
that is readily expelled, not retained 
in bronchial passages. 

And puts treatment back in the 
hands where it belongs. Yours. 





Antihistamine overdrying. 

Most of the time those drying 
over-the-counter antihistamines 
don’t do much harm. And they re 
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But in the patients you see 
week after week, self-medication 
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A chronic sinusitis becomes 
painful as secretions accumulate. 
Coughs become nonproductive. 
And an asthma or COPD patient 
could find himself struggling for air. 

But there is a way to relieve 
those symptoms without undoing 
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sinus, bronchial, and Eustachian tube drainage is im- 
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productive and less frequent 

INDICATIONS: ENTEX LA is indicated in respiratory 
conditions such as sinusitis, pharyngitis, bronchitis, 
and asthma, when these conditions are complicated 
by tenacious mucus and/or mucous plugs and 
congestion. ENTEX LA is also indicated as adjunctive 
therapy in serous otitis media and may be of value in 


avoiding secondary micdle car complications of na- 
sopharyngeal congestion accompanying rhinitis 
CONTRAINDICATIONS: ENTEX LA ts contraindi- 
cated in individuals with known hypersensitivity to 
sympathomimetics, severe hypertension, or in pa- 
tients receiving MAO inhibitors. 
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ENTEX LA for use in pregnancy has not been estab 
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possible adverse effects. This product should not be 
used by nursing mothers. 
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vascular disease, glaucoma, and prostatic hypertro- 
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HOW SUPPLIED: NDC 0149-0436-01 bottles of 100 
tablets. 

CAUTION: Federal law prohibits dispensing without 
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DYNAMICS OF VENTURI JET VENTILATION 
THROUGH THE OPERATING LARYNGOSCOPE 


PEAK Woo, MD 


STEPHEN EURENIUS, BS 


BOSTON, MASSACHUSETTS 


Venturi jet ventilation with the oxygen injector needle placed within the umen of the laryngoscope was studied systematically in two 
dogs undergoing repeated general anesthesia suspension laryngoscopy. Using € total »0dy plethysmograph, the effect of changes of needle 
angle, position and its effect on tidal volume delivery were measured. The changes of pressure regulator, flow rate and needle size were 
correlated with the volume delivery. Intratracheal pressure during Venturi ventilaton was measured. Correlation of arterial blood gases 
and minute ventilation with the system was done. While ventilatory capacity :s able to be achieved predictably, there are many variables. 
Optimal placement of the needle tip for maximum safety and efficiency appears to be at the midthird or lower third of the laryngoscope. It 
is important to center the needle axis to the laryngoscope axis. Other parameters subẸct to choice are the selection of needle size, regulator 
pressure setting and flow rate setting. By first selecting the corsect needle size that w ll hyperinflate the subject, the pressure regulator can 
then be reduced to achieve ventilatory volumes similar to spontaneous tidal volumes. In prolonged use, the Venturi system was able to pro- 


vide excellent ventilation safely and predictably. 


INTRODUCTION 


The advantages of ventilation during microlaryn- 
goscopy with an oxygen injector system has been 
appreciated for a number of years. Several tech- 
niques have been described in the literature.’™ 
These techniques include placement of an oxygen- 
bearing catheter within the trachea, transtracheal 
stylet placement, high frequency positive pressure 
ventilation and Venturi jet ventilation. 


Venturi jet ventilation with the oxygen injector 
needle placed within the lumen of the laryngoscope 
has been in use for several years.*’* The advantages 
during laser microlaryngoscopy are 1) the excellent 
unobstructed view of the larynx during surgery and 
2) the absence of a potentially combustible endotra- 
cheal tube. 


Because of the “open” nature of ventilation, ac- 
curacy of volume delivery to the patient during ven- 
tilation with the Venturi jet apparatus has been dif- 
ficult. This has meant that accurate volume deliv- 
ery to the patient has not been correlated with ar- 
terial blood gas values. The placement and position 
of the needle is believed to influence volume deliv- 
ery but has not been tested. In man, the choice of 
needle size, the selection of oxygen driving pressure 
and oxygen flow rate has not been systematically 
studied. In the clinical situation, the anesthesiolo- 
gist and otolaryngologist have been guided by em- 
pirical observation for adequacy of chest expansicn 
and by random arterial blood gas determinations.*”’ 
The method has not achieved wide popularity be- 
cause of doubt concerning the adequacy of the vem- 
tilation provided and the fear of causing cervical 
and mediastinal emphysema. Recent investigators 
have developed lung models to test this system.* For 


the varyimg compliances and different lung volumes 
enccunte-ed in clinical work, criteria and limits for 
ventilation with the Venturi jet method must be es- 
tablished This is necessary to provide for optimal 
ventilatian and to minimize possible hazards. 


The ptrpose of this study is to investigate the 
Venturi jet ventilation system in an animal model. 
In the animal model, we will determine the optimal 
needle siz2, needle tip position, gas pressure and gas 
flow rate needed to provide adequate ventilation. 
Long-voleme delivery and arterial blood gases will 
be measured in the dog to assess various parameters 
subject tc change during Venturi jet ventilation. 
These parameters are 1) needle size, 2) needle place- 
ment, 3) oressure regulator setting, and 4) oxygen 
flow rate selection. In addition, measurements will 
be made t assess 1) the pressure in the trachea dur- 
ing Venturi jet ventilation and 2) the prolonged ef- 
fect ef Veaturi jet ventilation on blood gas and lung 
volume delivery. 


MATERIALS AND METHODS 


The conventional instrumentation consisting of a 7.5 cm, 14 or 
16 gauge needle placed on a clamp attached to the wall of a large 
bore cperating laryngoscope was used in this experiment. An in- 
travenous (I) connector tubing from the needle is connected to a 
toggle switel placed in line with an H tank of medically pure ox- 
ygen. A two-stage reducing valve with adjustable pound per 
square inch PSI) and liters per minute (L/min) oxygen is placed 
to complete -he circuit. 


The manual toggle switch was modified by replacing the man- 
ual switch with a solenoid valve triggered by an adjustable timer 
circuit. The duty cycle is set to deliver one-second long bursts of 
gas inectiom This was defined as the inspiratory cycle. The off- 
duty cycle is adjustable from 1 to 5 seconds and is defined as the 
expiratory c-cle. Thus the timer allows us to adjust total cycles 
per minute n a repeatable manner from 10 to 30 respiratory 
cycles per m nute. 


From the Department of Otolaryngology, University Hospital, Boston University School œ Medicine. 
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Fig. 1. Animal sealed in plethysmograph with suspension 
laryngoscopy instruments in place. Spontaneous ~entila- 
tion measured via Wright's spirometer fitted on end of en- 
dotracheal tube. 


Needle sizes 12G, 15G, 19G (spinal) were fitted on o an adult 
Jako-Pilling laryngoscope. The fixation to the laryngoscope al- 
lowed no moving parts. 


A Wright spirometer was used to measure dog tidal volumes 
and minute ventilation in the spontaneously ventilating dog. 


A total body plethysmograph was built and used tc house the 
animal for the purpose of measuring volume delivery during Ven- 
turi jet ventilation. 


Arterial blood gases were measured in the standard manner by 
arterial puncture or via an indwelling arterial cathete- line. Two 
adult mongrel dogs were used repeatedly. Their weights were 
12.3 and 16 kg. Anesthesia was obtained by giving 1) mg/kg of 
Nembutol IV. After anesthesia was obtained, the dog was placed 
into the plethysmograph. An IV and arterial (A-line were 
started. The plethysmograph was then sealed. A 6-m n endotra- 
cheal tube was inserted. Spontaneous ventilation was naintained 
and the tidal volume and minute ventilation recorded (Fig. 1). 
Appropriate plethysmograph correction factors were calculated. 
A baseline blood gas was drawn. 


The endotracheal tube was then withdrawn and tae laryngo- 
scope placed in position. The anterior tip of the laryngoscope was 
placed immediately above the level of the glottis. The laryngo- 
scope was centered over the glottic aperture and was fixed in posi- 
tion by a Lewy holder. The Venturi jet apparatus was hen placed 
in position. 


Succinylcholine (Anectine, 20 mg) was given. After full paraly- 
sis, the Venturi jet system was activated and the experiment was 
initiated. An Anectine drip was used to insure full muscle paraly- 
sis (0.1 mg/kg/min). A Nembutol IV was given as needed to main- 
tain anesthesia. 

Upon completion of the experiment, the dogs were g-ven physo- 
stigmine as needed to reverse the paralysis. When they could re- 
spond to pain stimuli and maintain spontaneous ventilation. they 
were returned to the animal shelter. Postoperative ciecks were 
done the next day. A maximum of two anesthesias per week were 
done to allow for adequate anesthetic recovery. The usual length 
of anesthesia was 6-8 hours. 


RESULTS 


Volume Delivery and Needle Placement along 
the Length of the Laryngoscope. Figure 2 summar- 
izes the effect of placement of the Venturi j2t needle 
along the length of the laryngoscope on delivery of 
tidal volume. The spontaneous preparalwsis tidal 
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Fig. 2. Change of needle tip-to-glottis distance and its ef- 
fect on tidal volume delivered to paralyzed dog (12.15 kg 
female) ventilated with Venturi jet apparatus at 40 PSI 
and 10L/min. n - Centimeters. 


volume was 150 cc per cycle. The needle was cen- 
tered between the vocal folds with all other param- 
eters being equal. Regulator settings were 40 PSI 
and a flow rate meter reading set at 10 L/min. The 
figure represents graphically the fall-off of volume 
delivery as the needle is placed further from the 
vocal cords. The two graphs are for the nos. 12 and 
15 gauge needles. From a strictly volume delivery 
capability point of view, the best volume delivery is 
achieved at or slightly above the level of the vocal 
fold. With the no. 12 needle, ventilatory volumes 
similar to spontaneous tidal volume can be achieved 
even with the needle placed further away from the 
vocal fold level. The no. 15 needle could not sustain 
volume delivery similar to spontaneous tidal vol- 
ume when the needle is withdrawn further into the 
laryngoscope lumen. We did not measure volume 
delivery with the needle placed subglottically 
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Fig. 3. Angle of Venturi jet needle placement within laryn- 
goscope and tidal volume measured. 


VENTURA JET VENTILATION 617 


200 


Volume 
cc/sec 


(Tidal 
volume) 


100 





A B CD E 
Position of Needle 


Fig. 4. Tidal volume and needle placement fixation on dif- 
ferent walls of the laryngoscope (16.7 kg male). 


because of the known hazard of producing medias- 
tinal emphysema. 


Volume Delivery and Change in Angle of Neeale 
Placement. Figure 3 depicts the volume delivery in 
one second as the needle angle is changed. The reg- 
ulator setting was set at 40 PSI and 10 L/min using a 
15 gauge needle. The needle tip is at a distance of 6 
cm from the vocal folds, spontaneous tidal volume 
is 200 cc. In column A, the length of the needle is 
placed against the laryngoscope wall. In column B, 
the needle axis is centered down the laryngoscope. 
In column C, the needle axis is aimed at the posteri- 
or lip of the laryngoscope. The volume delivery 
with each burst in the designated position is repre- 
sented graphically. The greatest volume is delivered 
to the dog through the laryngoscope when the Ven- 
turi jet needle is aimed in the center of the 
laryngoscope. A 20% volume loss is noted when the 
needle is placed along the laryngoscope wall, a full 
50% volume loss is noted when the tip of the needle 
is not directed in line with the laryngoscope. 


In Figure 4 the needle is placed in various posi- 
tions of the laryngoscope wall along the axis of the 
laryngoscope. Position A is with the needle in the 
left light carrier port. Position B is with the needle 
placed in the left light port with the needle aimed in 
the center of the scope. Position C is with the need- 
le placed through the right light port, the needle be- 
ing aimed in the center of the laryngoscope. Posi- 
tion D is with the needle placed through the rigħt 
light carrier port with the needle along the laryngo- 
scope wall. Position E is with the needle placed on a 
screw clamp fixed onto the inferior scope wall. 
Within the error of measurement, no significant 
difference in volume delivery was seen provided the 
needle was aligned with the axis of the laryngo- 
scope. 


Volume Delivery with Different Needle Sizes, 
Pressure and Oxygen Flow Regulator Setting. The 
Table indicates the volume delivery in one second to 
a paralyzed dog whose spontaneous tidal volume 
was 150 to 170 ce per cycle. The needle size, pres- 
sure regulator valve, oxygen flow indicator on the 
two-stage reducing valve was varied. The resultant 
tidal volume was measured. Representative data is 
tabulated for the nos. 19, 15, and 12 gauge needles. 


TIDAL VOLUME AT VARIOUS 
VENTURI APPARATUS SETTINGS 


re 
eee O—0 


Flow Rate in L/Min 


Needle No. Pressure (PSI) SL 10L LOL, 
19 20 0 10 10 

40 — 20 30 

60 — 40) 40 

15 20 35 50 30 

40) — 90 100 

60 = 100 130 

12 20 40) 90 150 

40 — 160 180 

60 — 200 220 


Female deg (12.2 kg) spontaneous tidal volume - 150 cc. All tidál 
volumes with Venturi are cubic centimeters per one second inspiration. All 
needles placed 6 cm from glottis, between vocal cords. 


The position of the needle was fixed at 6 cm from 
the true cord and the needle aimed along the axis of 
the laryngoscope. With the needle position fixed, 
three variables were seen to affect the tidal volume 
delivery in the same test animal undergoing Venturi 
ventilation. These were 1) needle size, 2) reducing 
pressure gauge value and 3) oxygen flow regulator 
setting. 


The volume delivery was quite variable. Little 
lung expansion and volume delivery were recorded 
during the use of Venturi with low pressure settings 
and no. I9 gauge needles. A volume 150% that of 
spontaneous tidal volume was consistently delivered 
when the no. 12 needle was used with the higher 
pressure setting with the oxygen regulator flow at 
15 L/min. This large volume delivery in one second 
often resulted in a jerking type of motion as the dog 
lung was expanded to a hyperinflated state. The 
other intermediate valves of tidal volume delivery 
and the different needle size, pressure settings and 
oxygen regulator settings are tabulated in the Table. 


It was noted that with a smaller size no. 19 need- 
le, a maximal pressure of 60 PSI was not able to de- 
liver adequate volume to mimic spontaneous tidal 
volume. As the pressure regulator was increased 
from 20 to 60 PSI using a no. 19 needle the in- 
creased volume delivery was small; it could not de- 
liver adequate ventilatory volume for the test ani- 
mal. The no. 12 needle was the largest needle tested 
and afforded the best volume delivery of the three 
needle sizes tested. This was true for all the pressure 
reducing valve settings and for all the oxygen flow 
rate settings. The pressure regulator was seen to 
have a more profound effect on volume delivery 
when used for the no. 12 needle. As the driving 
pressure was reduced from 60 to 20 PSI the fall-off 
of volume delivery to the lung was marked. Using 
the no. 12 needle, tidal volume similar to tidal 
volume prior to paralysis could be easily achieved 
even with a reduced pressure regulator setting; 
when the volume delivered was approximately that 
of the spantaneous tidal volume, the jerking type of 
chest motion observed with hyperventilatory tidal 
volume delivery was minimized. 
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Fig. 5. Change in minute ventilation with Venturi æt ven- 
tilation and its effect on blood pH. 


Venturi Jet Ventilation and Blood Gas Measure- 
ments. Using the total body plethysmograph, the 
tidal volume could be accurately measured while 
the test animal is being ventilated with the Venturi 
apparatus. By varying the expiration time. the 
cycles per minute of ventilation were manipulated. 
Using the equation: minute ventilation = tidal 
volume times cycles per minute, the minute ventila- 
tion was measured. This was made to equal the 
spontaneous ventilation of the test anima] prior to 
paralysis. This technique also allowed us to deliver 
minute ventilation greater than or less than the 
volume of spontaneous minute ventilatior. These 
ventilatory values correlated with blood gases, 


Figure 5 shows graphically the effect on blood 
pH. Similarly the effect on oxygenation is presented 
in Figure 6. When the measured Venturi minute 
ventilation matched that of the spontaneously 
breathing animals’ minute ventilation, adequate 
oxygenation was observed. When Venturi jet mi- 
nute ventilation exceeded that of the sportaneous 
minute ventilation, the effect on blood Jas was 
hypocapnia and respiratory alkalosis. When the 
minute ventilation via the Venturi was less than 
that of the spontaneous minute ventilation. the ef- 
fect observed was hypercapnia and respiratory 
acidosis. In all blood gas measurements hypoxia 
(PO, less than 80 torr) was not measured. PO, 
values all stayed above 150 torr and increased 
slightly with increased minute ventilation. Even at 
levels of respiratory acidosis, the oxygenation re- 
mained excellent. 


Serial Blood Gas Study in Dogs Ventilated with 
Venturi Apparatus. The long-term effects of Ven- 
turi ventilation on blood gases were evaluated. A 
Venturi apparatus was set up to deliver an effective 
tidal volume to the dog similar to that of tidal 
volume preparalysis. Cycles per minute on the 
timer were adjusted to simulate the dogs preparaly- 
sis respiratory rate. Serial blood gases were ob- 
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Fig. 6. Change in PO, with increasing minute ventilation 
using Venturi jet apparatus. 


tained. Two representative studies are shown in 
Figures 7 and 8. The longest time ventilated was 90 
minutes. All experiments were terminated volun- 
tarily. In each figure the values recorded are for one 
dog, ventilated at minute ventilations slightly 
greater than spontaneous tidal volume and for 
another dog ventilated at a value slightly less than 
spontaneous minute ventilation. PH and oxygen re- 
mained stable through both studies. 


Intratracheal Pressure Changes. Pressure in the 
trachea caused by the Venturi apparatus was mea- 
sured. Tidal volumes delivered by Venturi injection 
similar to that of spontaneous tidal volumes were 
used. The needle was placed at the level of the glot- 
tis. The trachea was then surgically exposed for 10 
cm. Pressure along the path of the Venturi needle 
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Fig. 7. Serial arterial PO, in dog ventilated with Venturi 
jet apparatus. A) Dog spontaneous tidal volume - 210 CC; 
Dog minute ventilation - 4000 cc: Venturi minute ventila- 
tion - 4200 cc. B) Dog minute ventilation - 4000 cc; Ven- 
turi minute ventilation - 3750 cc. 
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Fig. 8. Serial arterial pH in dog ventilated with Venturi jet 
apparatus. A) Dog spontaneous tidal volume - 210 ce; Dog 
minute ventilation - 4000 cc; Venturi minute ventilation 
-4200 cc. B) Dog spontaneous tidal volume - 210 ce; Dog 
spontaneous minute ventilation - 4000 cc/min; Venturi 
minute ventilation - 3750 cc/min. 


and the pressure exerted against the tracheal wail 
was measured. A no. 10 needle attached to a ma- 
nometer was used to cannulate the dog trachea and 
the peak pressures recorded. These pressures were 
measured in increasing increments of distance from 
the needle tip. Graphically it is presented in Figure 
9. A large difference in the pressure between that at 
the path of the oxygen jet and that exerted against 


Pressure 
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Fig. 9. Peak intratracheal pressures and tracheal wall 
pressures generated with Venturi jet ventilation mea- 
sured at different distances down trachea. 


the trachea was found. The tip pressure along the 
axis of the needle was very high. The fall-off of the 
pressure from the needle tip was also very rapid. In 
the lower trachea the difference between the tra- 
cheal wal! pressure and the tracheal lumen pressure 
was less and the two values approached one anoth- 
er. There was little difference between the two at 5 
cm. The initial negative tracheal wall pressure at 
the level of the needle tip represents the Venturi ef-" 
fect. The differential between the pressure at 1 mm 
from the needle tip to that at 5 cm from the needle — 
tip was 150 cm to 11 cm of water. `: 


We have no data on the effect of placing the nee- 
dle tip closer than 1 mm from the tracheal mucosa 
and the pressures generated. 


DISCUSSION 


This study was done on a test animal model to ap- 
proximate the situation in man. However, several 
limitations must be noted. These study animals had 
no intrinsic laryngeal abnormality. Their pulmon- 
ary and thoracic compliances were not measured 
and were assumed to be normal.’ The dog compli- 
ance measurements may not correlate with that of 
man. These lung volume delivery measurements 
would probably not be applicable in disease states 
such as outlet obstruction from, eg, laryngeal 
papilloma. Obstructive and restrictive lung disease 
states and their effects on the use of the system have 
not been addressed. 


In the test animal model, we have shown that 
ventilation through the laryngoscope can offer a 
wide range of ventilatory capability. Volume deliv- 
ered ean be varied from 10 cc per second to a value 
one and a half times the value of spontaneous tidal 
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volume in a similar one-second period. As shown, 
the parameters which will affect the volume deliv- 
ered depend on needle size, needle position, regula- 
tor pressure, regulator flow rate. When tidal vol- 
ume can be accurately measured, accurate minute 
ventilation can be delivered with the Verturi sys- 
tem to simulate that of spontaneous minute ventila- 
tion. Furthermore, we have shown that it is corre- 
lated with excellent blood gas values indicazing ade- 
quate ventilation and oxygenation. In oar study 
_ there is a direct correlation between volume deliv- 
ery and its effect on blood gas values. Hyperventila- 
tion is associated with clinical alkalosis, hypoven- 
tilation with acidosis. In the clinical applization of 
Venturi jet ventilation, volume measurements are 
not possible because of the open nature of the ven- 
tilatory circuit. At present, the best predictor of 
adequate ventilation in the endoscopy sucte is the 
observation of chest expansion similar tc that of 
tidal volume.'®'' Needless to say, a more accurate 
predicator of volume delivery is needed. The use of 
multiple normograms depending on patient size 
may be one possible solution to predict wh:ch need- 
le size and pressure values to use when the datient is 
paralyzed. 


There exists situations in the study where ade- 
quate volume delivery could not be achieved. Using 
the no. 19 needle, adequate ventilation could not be 
done because of the low volumes delivered The no. 
15 needle could achieve adequate ventilation at 60 
PSI and 30 cycles per minute. The no. I2 needle 
could achieve hyperventilation easily and can af- 
ford a range of volume delivery necessary to allow 
for regulation of minute ventilation. There appears 
to be a limiting factor exerted on volume delivery 
by the needle size. The smaller the needle size, the 
less the maximum volume achievable at any pres- 
sure up to 60 PSI. The pressure regulator further 
adjusts to volume delivery capabilities in more dis- 
crete steps allowing for more controlled vclume de- 
livery. 


The above information may be applicable in the 
clinical usage of the Venturi ventilation apparatus. 
When an infant is being ventilated, its high compli- 
ance and the low volume needed coupled with the 
need to avoid hyperinflation would point toward 
the usage of a smaller sized needle. Similazly, in an 
obese and muscular individual with intrinsic lung 
disease, a small gauge needle would be qu.te unsat- 
isfactory. A large needle size coupled with high reg- 
ulator pressures may be needed to achieve lung ex- 
pansion. In the experience from this study. a needle 
size is chosen to perform ventilation at 60 ESI which 
is greater than normal chest expansion, the pressure 
regulator is then lowered to a level where the chest 
is seen to move to approximate tidal volume. Al- 
though cycle length can also be varied, the frequen- 
cies have been between 20 to 30 per minute. These 
measurements usually gave blood gases indicating 
adequate ventilation. 


With regard to the needle placement and volume 
delivery, several observations are valid. The needle 
axis should be placed in line with the laryngoscope, 
the larynx and the trachea. This provides for op- 
timal volume delivery. The oxygen flow should not 
be aimed at any part of the laryngoscope except the 
lumen. Because of the fall-off of the volume deliv- 
ery capability as the needle is withdrawn from the 
scope, the needle should be kept as nearly to the 
glottic level as is safe. 


Because of the high pressure at the needle tip and 
the reported cases of mucosal tear and mediastinal 
emphysema associated with use of the oxygen injec- 
tor system,’?'’ the needle tip was placed further 
back from the laryngoscope tip. ‘* This protected the 
needle tip from inadvertently coming in contact 
with respiratory mucosa. However, from Figure 3 it 
can be seen that there is a drop in volume delivery 
efficiency as the needle is pulled back from the 
vocal fold level. A compromise distance of 6 cm 
from the vocal fold was made. From Figure 8B the 
maximal pressure in the tracheal lumen at a dis- 
tance of 5 cm from the needle tip is 10 to 15 cm 
H:O. This is similar to peak pressures achieved 
while using manual ventilation with a face mask. 
The apparatus therefore allowed for delivery of 
tidal volume, adjustable minute ventilation and ex- 
cellent blood gases without risk of trauma with the 
high pressure needle. Further withdrawal of the 
needle tip from the vocal cord level will result in 
worsening volume delivery capability without the 
advantage of increased protection from the high 
pressure experienced at the needle tip. Because of 
the rapid fall-off of the tip pressure, the positioning 
of the Venturi needle tip within the laryngoscope 
should eliminate the reported complications of 
mucosal tear, subcutaneous emphysema, pneumo- 
mediastinum. From the study on dogs, a distance of 
6 cm in the adult laryngoscope appeared to be most 
suitable. In our continued use of these dogs we did 
not see any of the above complications. 


The initial negative pressure across the larynx at 
the level of the needle tip is the Venturi effect. 
There is some entrainment of air within the laryn- 
goscope into the trachea with this system. The ac- 
tual entrained volume and its effect on dilution of 
the delivered oxygen in various clinical situations is 
not addressed in this study. The effect of entrain- 
ment is seen clinically when the vocal fold is ob- 
served to move inward slightly with each oxygen in- 
jection. We are in the process of measuring the vol- 
ume delivered from the needle tip and correlating it 
with the chest expansion volume to assess the impor- 
tance of entrainment in this system. 


Laryngeal pressure and lung volume measure- 
ments support the concept that Venturi jet ventila- 
tion is similar to conventional ventilation with a 
volume ventilator. Peak tracheal pressure of 8 cm 
HO is needed to inflate the normally compliant 
lung and chest wall in our animal model. This is 
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similar to that of ventilation in man. Volume de- 
livery and blood gas measurements indicate that 
when minute ventilation was adjusted to that of 
preparalysis minute ventilation, excellent ventila- 
tion can be achieved. 


The stability of the system has been tested over 90 
minutes of ventilation with the Venturi jet system. 
Blood gases remained within acceptable limits amd 
was stable without evidence of deterioration. The 
excellent pH and PO, achieved over time would im- 
ply that there is no adverse effect on the pulmonary 
circulation or alveolar exchange over the time 
tested. Complications which were observed in the 
prolonged use of the Venturi system for ventilation 
included the excessive mucosal drying. This is from 
use of the dry oxygen. The effect is to be seen 
greatest at the vocal cords and subglottically. 
Tongue edema was seen when suspension on the lar- 
yngoscope was maintained for more than 60 min- 
utes. When there was blood or mucus in the larynx, 
the jet had a tendency to blow the blood further in- 
to the tracheobronchial tree. These should be 
watched for and corrected. In addition, adequate 
anesthesia coupled with complete muscular relaxa- 
tion must be achieved prior to use of the Venturi ap- 
paratus. In prolonged clinical usage, blood gases 
and cardiac activity should be monitored continu- 
ously. 


The use of Venturi jet ventilation has advantages 
in certain aspects of laryngeal surgery. There are 
several distinct disadvantages associated with ven- 
tilation and operation without an endotracheal 
tube in place. The most prominant difference is the 
movement of the vocal cords while the Venturi jet is 
being used. The vocal cords will move in with inspi- 
ration and move out with expiration. The vocal ap- 
perture will change in diameter depending on the 
respiratory cycle. This can be of concern when us- 


ing the laser in critical microlaryngeal work. The 
movement may be very small but must be compen- 
sated for. The effect of drying is reduced by fre- 
quent spraying with saline from a nebulizer. The 
necessity ‘or complete paralysis may require longer 
anesthesia time for reversal. When working in the 
anterior commissure area of the vocal cords it is dif- 
ficult to obtain wide abduction without the use of 
the endotracheal tube to stent the glottic aperture. 
The importance of alignment of the needle down 
the laryngoscope and the trachea necessitates 
careful positioning of the patient. Finally, while the 
endolaryrgeal surgery is being performed, care 
must be exercised not to move the needle tip and not 
to obstruct the laryngeal opening for prolonged per- 
‘ods of time with the microlaryngoscopic instru- 
ments. 


In summary, the introduction of suspension mi- 
crolaryngoscopy coupled to the laser offers new 
challenge: in patient management. The Venturi jet 
ventilation apparatus is one method devised to offer 
optimal anesthesia while allowing the otolaryngolo- 
gist the time and room to perform the necessary sur- 
gery. This is particularly helpful in the region of the 
vocal processes of the arytenoids. The anesthe- 
siologist must be concerned with muscle relaxation, 
adequate ventilation, and cardiopulmonary stabili- 
ty. The technique used must be sufficient to allow 
the team to feel that proper ventilation is being de- 
livered with confidence throughout surgery. While 
the technique has a definite place in laryngology, it 
is limited in part by how safe this can be made to 
the type of endolaryngeal surgery being performed. 
This study indicates that if the guidelines outlined 
here are edhered to and if there is a high degree of 
cooperation between the surgeon and the anesthesi- 
ologist that adequate ventilation can be confidently 


provided. 
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INTRODUCTION 


Duplication cysts of the esophagus, a term used 
synonymously with enteric cysts, bronchogenic 
cysts and foregut cysts, constitute 10% of all 
mediastinal tumors. ? Few detailed reports regard- 
ing this rare congenital defect appear in the otola- 
ryngological literature. A thorough review has 
failed to reveal any reports of the occurrence of cer- 
vical duplication cysts, and rarely is it mentioned in 
the differential diagnosis of neck masses in children. 


A retrospective study of 15 children with cysts of 
foregut origin is presented. It includes one patient 
in which the cyst occurred in the cervical] area. Four 
patients with cervical foregut cysts were not in- 
cluded in the study and will be reported at another 
time. 


This unusual lesion was first described br Blasius 
in 1711, but its earliest clinical recognition was by 
Hare* in 1899. Since then well over 100 cases have 
been reported. 


Duplication of the foregut must be included in a 
differential diagnosis of stridor, respiratory distress 
and neck masses in infants and children. This 
anomaly most commonly occurs in the therax and 
abdomen, but may be located anywhere from the 
mouth to the anus.’ The removal of the mass is us- 
ually successful in relieving obstructive symptoms. 


REVIEW OF LITERATURE 


Gans et al®° in 1968 reported two children with 
duplications of the esophagus in the cervical area. 
One patient had a neck mass associated with respi- 
ratory distress; the other had no clinical evidence of 
respiratory obstruction. After exhaustive research of 
the literature, the authors found two case reports in 


which the foregut cysts arose in the neck, with one 
originating in the upper thorax. 


Grosfeld et al’ in 1970 reported an 18-year review 
of the literature of enteric duplications in infants 
and children. The review included a series of 23 pa- 
tients, 16 females and 7 males. The duplications in- 
cluded a variety of cysts, diverticula and tubular 
malformations, all believed to have a similar em- 
bryonic origin. The exact mechanism of production 
remains unknown. The authors considered the le- 
sions to be thoracic, thoracicoabdominal and ab- 
dominal. In 15 of the 23 patients, the lesion was 
diagnosed within the first week of life and in 8 pa- 
tients, by the third month. Only four patients be- 
came symptomatic after the first year of life. Res- 
piratory distress was the most common symptom. 
Others included a palpable mass and intestinal ob- 
struction with vomiting. Respiratory obstruction is 
common in thoracic and thoracolumbar duplica- 
tions. Occasionally, perforations occurred when ec- 
topic gastric mucosal activity was present, which 
may lead to pulmonary hemorrhage. In abdominal 
lesions, intestinal obstruction may be prominent. 


Fallazadeh and Harderer’ reported a 21-year-old 
man who had an esophageal duplication cyst and 
symptoms of chest pain. The lesion resembled 
stomach radiologically and filled the entire apical 
portion of the left side of the chest. 


Kirwan et alë in 1973 suggested that foregut cysts 
be classified into three categories based on embry- 
ology: bronchogenic, a result of defective lung bud- 
ding; intramural esophageal, a true duplication 
cyst; and enteric, resulting from a split notochord 
syndrome. They reported 41 patients examined be- 
tween 1948 and 1971 and stressed the need for sur- 
gical removal of all foregut derivatives in order to 
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Fig. 2. (Case 1) X-ray films showing obstructive eiaphy- 
sema of left lung and posterior displacement of esophagus 
by cystic mass. A) Right anterior oblique view: B) P-A 
view. 


duplication. Esophagoscopy in one patient revealed 
a posterior compression of the esophagus which was 
later confirmed by a barium esophagram. Only ane 
bronchogram was performed to confirm compres- 
sion of the left main stem bronchus. 


TREATMENT AND RESULTS 


All 15 children were treated surgically. A mass 
was found and successfully removed from 14 pa- 
tients (93%). Three patients had postoperative 
complications (one developed a pleural effusion). 
One, who did not recover, had surgery performed 
at another institution and was transferred to Chil- 
drens Hospital for follow-up care. The cyst in this 
case was a gastric duplication extending from the 
neck to the abdomen and had never been removed. 
Death was ascribed to sepsis. Another child whose 
cystic mass could not be found at surgery and who 
had postoperative difficulties died approximately 
twe months later from severe respiratory obstruc- 
tive disease. 


CASE REPORTS 


Case 1. A 7-month-old girl was admitted on Nov 2, 1948, with 
a history of expiratory wheezing since 6 weeks of age. Her pedi- 
atrician, after noting the wheeze, had followed her with serial 
roentgenograms. Two months prior to admission a barium eseph- 
agram (Fig. 2) showed a compressive lesion suggestive of a wedi- 
astinal tumor. The child had increased wheezing with crying or 
stress and her symptoms became markedly pronouneed with re- 
spiratory infections. There was no cough or cyanosis. Family and 
past history were noncontributory. 


The admission examination revealed a normocephalic chubby 
girl with normal findings except those within the chest. The chest 
was symmetrical with no retractions or splinting. The left side of 
the chest was dull to percussion and had markedly diminished 
breath sounds. The heart was not displaced. 


An x-ray film showed marked emphysema of the left lung with 
a shift of the mediastinum to the right. Posterior displacement of 
the esophagus was noted. Hemoglobin level (Hb) was 13.6 g svith 
a WBC count of 11,500. The day after admission, the infant was 
taken to surgery and an exploratory thoracotomy was performed. 
The left lung was markedly emphysematous and would not col- 
lapse, which created severe difficulty in palpation of the medias- 
tinum. The thymus was thought to be enlarged and a mediastinal 
or hilar mass was not found. Postoperatively, the patient devel- 
oped marked stridor. Radiation therapy was given to the thymus. 


The patient was readmitted on Dec 29, 1948. Apparently she 


had done well at home until the day before readmission. She de- 
veloped a ccid with marked respiratory distress and stridor, fever 
and vomitir. Examination showed moderate to marked cyano- 
sis, labored respirations with a loud expiratory stridor and 
marked retractions. Both lungs were dull to percussion, more so 
on the left taan on the right, with extremely poor air exchange. 
An x-ray film showed marked emphysema of both lungs with a 
shift of the heart to the left. The child was given oxygen, appeared 
to be doing well, then developed respiratory arrest. Artificial res- 
piration wa: futile and the child died. 


At autop-y, a mass lesion could not be palpated in the media- 
stinum. However, when dissecting the mediastinum, it was noted 
that the trachea was pushed to the right. Lying posterior to the 
carina and extending 2.5 cm down the left main stem bronchus 
was-a soft cystic mass. The main portion of the cyst was to the left 
of the traclea and a small protrusion was seen posterior to the 
right main stem bronchus. The mass measured 5.5 x 3.5 x 3 cm 
and weighed 19 g. The mass lesion was connected by a fibrous 
band to the trachea at a point 2 cm above the bifurcation. It was 
also connected to the esophagus by a small band of connective 
tissue 1 mır thick. There was no dimpling of either the tracheal or 
esophageal mucosa. The cyst was filled with clear fluid, and was 
lobulated but not multiloculated (Fig. 3A). The esophagus was 
markedly deviated to the right by pressure of the cyst. The cyst 
wall consisted of loose, fibrous connective tissue, smooth muscle 
and ciliatec columnar epithelium. Cartilage and acinar structures 
were also =en, with ducts leading to the surface. Several small 
septa were noted to be covered with ciliated columnar epithelium 


(Fig. 3B). 


Case 2. A 5-month-old boy was admitted on Aug. 10, 1954. 
The chief complaint was wheezing that had persisted for a num- 
ber of weeks following an upper respiratory infection and had 
partially cEared with antibiotic therapy. The family history was 
noncontributory. The clinical history showed that wheezing was 
first noted n this child at 5 weeks of age. He had periodic wheez- 
ing which 2leared with antibiotics. He was the product of a nor- 
mal pregnancy and a normal, full-term delivery. 


Upon acmission, examination showed a well-developed, well- 
nourished male infant with marked wheezing. The chest was 
symmetrical, but high-pitched wheezes were heard throughout 
the lung felds bilaterally. Coarse rales were heard at the base, 
especially anteriorly. His heart was normal. Fluoroscopic ex- 
amination showed a shift of the mediastinum to the right. A radi- 
opaque foæign body was not identified. He was admitted for en- 
doseopic examination which revealed tracheobronchial obstruc- 
tion eithe’ by a vascular ring, mediastinal tumor or tracheal 
anomaly. ^ barium esophagram performed three days after ad- 
mission shewed a mediastinal mass compressing the left bronchus 
with displ. cement of the esophagus (Fig. 4). 


A left thoracotomy was performed on Aug 18, 1954, and a 
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Fig. 3 (Case 1) Duplication cyst. A) Opened after remov- 
= Flt id was aspirated from cyst. B) Intact showing ovoid 
shape 
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Fig. 4. (Case 2) X-ray films showing hyperaeration of both 
lungs and cystic shadow within mediastinum displacing 
esophagus posteriorly. A) P-A view: B) Right anterior obli- 
que view. 


bronchogenic cyst was removed. The child was discharged six 
days after surgery, after an uneventful postoperative course. The 
findings at thoracotomy showed the left lung to be markedly em- 
physematous. The thin-walled cyst contained clear fluid. It was 
located in the left mediastinum between the aorta and the left 
main stem bronchus and compressed the posterior wall of the 
bronchus. The esophagus was displaced to the right. The cyst 
arose from the left main stem bronchus 1 cm from the bifurcation 
of the trachea and there was a narrow pedicle attachment to the 
cartilaginous portion of the left bronchus. 


Laboratory findings prior to the surgery were Hb level, 13.7 g; 
WBC count, 26,300 and normal urine. The cyst was 2x 1x 1 cm, 
multilocular and contained cartilage at the line of excision. The 
structure was lined with pseudocolumnar ciliated epithelium and 
contained amorphous noncellular material. The wall was fibrous 
between multilocular areas and no alveolar components were 
seen. Follow-up examination of this patient indicated complete 
recovery and cure. 


Case 3. A 5'h-month-old male infant was admitted June 12, 
1981, with a history of numerous respiratory infections since 
birth. At 2 months of age he was admitted to another hospital 
with bronchiolitis and pneumonia. He was treated with numer- 
ous antibiotics, but at the time of his discharge, he continued to 
have wheezing. The wheezing respirations progressed rapidly, ac- 
companied by fever of 39°C with cough. The child was treated 
for asthma and pneumonitis without response. Vital signs were 
normal. Positive findings were those noted in the chest. The lungs 
were symmetrical but wheezing was heard at both bases. more on 
the left than on the right. There were decreased breath sounds in 
the right upper lobe area. Hematologic studies showed an Hb 
level of 12.7 g, 14,800 WBC, with a normal differential. Urine 
was also normal. An x-ray film of the chest showed the bony 
thorax to be intact and the size of the heart to be normal. There 
was a density along the right side of the heart and an area of 
atelectasis in the right middle lobe. No specific masses were iden- 
tified on this film. A barium esophagram revealed an indentation 
just below the left main stem bronchus. Direct laryngoscopy re- 
vealed a mild form of laryngomalacia. Both the trachea and the 
right bronchial tree were normal. The left main stem bronchus 
was severely compressed distal to the mouth of the left main bron- 
chial orifice. The child tolerated the endoscopic procedure well. 
The findings were reported as severe compression of the left bron- 
chial orifice due to an external mass in the mediastinam. The 
child was discharged on June 18, 1981. with persistence of the 
wheezing respirations. He was to be readmitted for surgery. 


On June 24, 1981, the infant developed nausea, vomiting and 
diarrhea and was readmitted with increased respiratory distress 
and wheezing. Cyanosis was not present. An x-ray film of the 
chest revealed increased atelectasis in the right middle lobe. A 
rounded circumferential edge of a bronchogenic cyst could be 
seen in the mediastinum. On June 29, 1981. a right thoracotomy 
was performed and an esophageal duplication cyst was removed. 
His postoperative course was uneventful and he was discharged 
July 3, 1981. 


A CT scan of the chest performed prior to surgery showed the 
presence of a cystic mass between the esophagus and the trachea 
in the subcarinal area. Upon entering the right side of the chest. a 
cystic structure was found bulging through the mediastinal 
pleura. The mass was overlying the midesophagus just below the 
area of the tracheal bifurcation in the subcarinal area. There was 
no intimate attachment to the trachea or bronchial tree. Surgeons 
were unable to determine the extent to which the respiratory tract 
was compressed. The mass arose from the wall of the esophagus 
with an area of esophageal muscularis coming up over the cyst 
wall. There was no apparent communication with the upper gas- 
trointestinal tract or the tracheobronchial tree. The cyst was 1.3 x 
l x 0.7 cm. Microscopically, sections of the cyst showed a ciliated 
pseudostratified columnar epithelium thrown into folds. The cyst 
wall was composed of an inner circular and an outer longitudinal 
smooth muscle layer. Cartilage was not present in the mass. The 
postoperative pathological diagnosis was esophageal duplication. 


The patient did well for two months. then developed asthmatic 
symptoms and recurrent pneumonia. Because of wheezing, endo- 
scopic examination was again performed and the left main stem 
bronchial stenosis was shown to be resolved. 


DISCUSSION AND CONCLUSIONS 


Foregut cysts within the thoracic cavity can be 
classified according to embryogenesis as bron- 
chogenic, intramural esophageal and enteric cysts. 
Of the 15 cases reported in this study, 14 foregut 
cysts were intrathoracic and 1 was in the cervical 
region. 


The most prominent symptoms were cough, chest 
pain, wheezing and respiratory distress. Respira- 
tory distress was of major proportion at times and 
was most likely to occur in small infants. Symptoms 
such as epigastric pain, vomiting and gagging were 
most likely to occur in children with esophageal and 
gastric duplications. The foregut cyst sometimes re- 
mained asymptomatic for months or years. How- 
ever, when symptoms developed in early infancy, 
they were most likely to progress rapidly and pro- 
duce major, even dramatic, airway obstruction. 
Complete surgical extirpation was mandatory. 


Foregut cysts may simulate asthma, a vascular 
ring (or sling), tracheal or severe bronchial stenosis, 
foreign body aspiration and bronchiolitis. 


Six patients developed symptoms prior to 6 
months of age (40%) and 7 patients (46%) 
developed symptoms within the first year of life. 


The diagnosis was established in 10 of the 15 pa- 
tients by an x-ray study of the chest. However, a 
barium esophagram was necessary for the diagnosis 
in two patients. It is important that a barium esoph- 
agram be performed in children with persistent 
wheezing, intermittent stridor, a brassy cough, 
chronic or recurring pneumonia or when endo- 
scopic examination reveals a compression of the tra- 
chea or bronchial tree. 


Endoscopic examination was performed only 
when the diagnosis was not confirmed by an x-ray 
film of the chest or when a foreign body or intrinsic 
tracheobronchial abnormality was suspected. 
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As has been suggested by others,*’? the authors 
believe that foregut cysts should be classified on the 
basis of embryogenesis and not on location or type 
of epithelial lining. Foregut cysts may be bron- 
chogenic, esophageal duplication or enteric cysts. 
The first type arises from abnormal budding of the 
precursor of the larynx, trachea and bronchial tree. 
Esophageal duplication cysts arise from defects of 
vacuolization during the development of the lumen 
of the esophagus and therefore are truly duplication 
cysts. Enteric cysts arise from the split notochord 
syndrome and are associated with defects of the 
spine. The cysts do not communicate with the þu- 
men of the organ from which they arise. 


Of the foregut cysts in the 15 children studied, 8 


were branchogenic, 6 were esophageal and 1 was 
intralobar bronchogenic. No enteric cysts were 
found. Associated anomalies were not serious. 


Thirteen patients (93%) were cured by surgical 
extirpaticn of the lesion. Two deaths occurred; one 
was associated with severe postoperative sepsis and 
the other with sudden obstruction of the airway. 


Excisi of the lesion was accomplished with 
minimal loss of normal tissue and postoperative 
morbidity was minimal. Most patients were dis- 
charged by the fifth or sixth postoperative day. 


The tendency for intrathoracic foregut cysts to 
enlarge and produce airway obstruction is sufficient 
reason fo” early diagnosis and surgical removal. 
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A retrospective review of a decade of experience with pediatric tracheostomy encompassed 420 children. Analysis was performed with 
_ respect to primary diagnosis, age, duration of tracheostomy and hospitalization, early and late complications and mortality. While the in- 
cidence of tracheostomy per hospital admission decreased over the period of review, there was substantial increase in duration of tracheos- 
tomy. Approximately half of the patients sustained complications. While overall mortality approached 28 % . tracheostomy-related deaths 
occurred in only eight patients (2%). Almost one fifth of children with tracheostomies were discharged to home care, and 3% were in- 
volved in our home ventilator program. 


INTRODUCTION RESULTS 
A review of the medical literature shows While the absolute number of tracheostomies has 
pediatric tracheostomy to be a surgical procedure remained constant each year, the incidence per 
with significant morbidity and mortality.” Com- hospital admission has shown a slight decrease 
plication rates are greater in children than in (Table 1). There was a slight male predominance 
adults. This difference in complications is a reflec- (1.4:1.0). The racial incidence appeared to reflect 
tion of the primary disease process, the age of the the racial pattern of the referral region for 
child and the duration of the tracheostomy. Children’s Hospital. The age range spanned one 
day to 21 years; 244 patients (58 % ) were 2 years of 
Chew and Cantrell'® reviewed 1,928 tracheos- age or younger; 197 (47%) were under 1l year of 
tomies in adults and found an overall complication age. Over the 10-year period, there was a relative 
rate of 15.8% and an overall mortality rate of increase in the number of children under the age of 
1.6% . By comparison, tracheostomy-related mor- 2 (Fig. 1). 

tality in children ranges from 3.2% to 8.5%. Mor- l aah l 
tality from all causes approximates 25% but may Table = illustrates the distribution of primary 
reach 50% or more in selected groups under | year diagnoses in patients who underwent tracheostomy. 
of age.” Along with CNS disorders, diseases of the upper air- 
| Way were the most common primary diagnoses. 
A recent 10-year review of pediatric tracheos- Further breakdown of the upper airway obstruction 
tomy was performed to identify trends in airway category is shown in Table 3. Over the review 
management in children and to recognize those period there was an increase in tracheostomies in 
groups of patients who are at greater risk for com- elective craniofacial procedures, CNS disorders and 
plication and mortality. i respiratory distress syndrome (RDS) and a decrease 


in patients with congenital heart disease (CHD). 


METHODS Prolonged ventilation was the most common in- 
dication for tracheostomy in our series (93%). 


All tracheostomies performed in the operating room between Othes major indications included upper airway 


January 1971 and December 1980 were reviewed ret rospectively. 


ireki 9o), satailt (A 
A list was compiled initially from the operative log and included obstruction (39 ©) and pulmonary toilet (4%). One 
procedures done by otolaryngology, general surgical and car- infant required a tracheostomy because of recurrent 
diothoracic services. A total of 441 charts were identified and 420 apnea and bradycardic episodes. Another child had 


were located and analyzed with respect to the following vari- 
ables: age, diagnosis, indication for procedure, duration of tra- 
cheostomy, early and late complications and mortality. Early 


bleecing of the upper aerodigestive tract which re- 
quired a controlled airway. A third child could not 


complications were defined as those occurring in the operating be adequately ventilated through an endotracheal 
room or during the first postoperative week. At one week. the tra- tube. An additional 4% of patients had multiple in- 
cheostomy stoma has usually matured, and the first tube change is dications for tracheostomv. 

performed. Late complications were defined as those occurring f 

after the first week. With the exception of six cases which were done 


From the Division of Otorhinolaryngology and Human Communication. Children’s Hospital of Philadelphia and the University of Pennsylvania School 
of Medicine. 
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TABLE 1. INCIDENCE OF TRACHEOSTOMIES 
IN 420 PATIENTS 


No. of % of Hospital 
Year Tracheostomies Admissions 
1971 55 0.9 
1972 38 0.6 
1973 35 0.5 
1974 4T 0.6 
1975 32 0.3 
1976 36 0.3 
1977 50 05 
1978 39 0.4 
1979 46 0.4 
1980 42 0.4 


using either local anesthesia or mask inhalation, the 
vast majority of cases were performed with an en- 
dotracheal tube or, rarely, an open bronchoscope 
controlling the airway. 


The duration of tracheostomy ranged from one 
day to more than 10 years and averaged approx- 
imately 180 days (Fig. 2). Since long-term tracheos- 
tomies tended to skew the yearly averages, omission 
of those in place longer than 1 year provided a bet- 
ter indication of a trend — a doubling of the dura- 
tion of tracheostomy over the 10-year period. This 
finding is supported by an almost threefold increase 
in the length of hospital stay over the period of 
review. 


There were 341 complications in 204 children 
(49% ). Early complications, those which occurred 
intraoperatively or within the first postoperative 
week. numbered 119 (Table 4). Two complications 
occurred intraoperatively. In one patient, the 
esophagus was entered inadvertently when the rigid 
esophageal stethoscope was mistaken for the tra- 
chea. The other occurred when a tracheostomy tube 
was acutely obstructed during the procedure. Ac- 
cidental decannulation and pneumonia were most 
commonly encountered. 


Late complications, those which occurred after 
the first postoperative week, totaled 222 (Table 5). 
Persistent tracheocutaneous fistula and accidental 
decannulation were seen most frequently. 
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Fig. 1. Pediatric tracheostomy patients (n =420). 


TABLE 2. PRIMARY DIAGNOSES IN 442 TRACHEOSTOMY 


PATIENTS 
Upper airway obstruction 105 (24%) 
CNS disorders 105 (24%) 
Miseellanec.s disorders 81 (18%) 
Congenital heart disease 73. AT) 
Respiratory distress syndrome 51 (12%) 
Craniofacia disorders 27 (6%) 


*20 patients with two or more diagnoses. 


Table 8 lists the primary diagnoses of patients 
who sustained one or more complications. When 
conypared to the overall frequency of primary 
diagnoses, there appeared to be a higher incidence 
of comp ications in patients with upper airway 
obstruction and RDS. Children with CHD or elec- 
tive crariofacial surgery requiring tracheostomy 
appearec to sustain relatively fewer complications. 


Of the 204 children with complications, 116 suf- 
fered one, 56 developed two and 32 had three or 
more. The average duration of tracheostomy in 
those patients with complications was significantly 
longer (305 days) than the overall average of 180 
days. 


Early complications occurred in 61% of children 
2 years oi age or younger, a frequency similar to the 
overall distribution of patients by age. More late 
complications (79%) were seen in the age group 2 
years anc under. The ratio of early to late complica- 
tions reraained relatively constant during the re- 
view period (Fig. 3). 


Overall mortality for the period of review was 
116 patients (28%). In eight children (2%), death 
was attri uted to the tracheostomy: obstructed tube 
(4), accidental decannulation (2), massive tracheal 
hemorrhage (1) and sepsis due to erosion by the tube 
(1). Primary diagnoses in those patients with tra- 
cheestomy-related deaths included CNS disorders 
(3), RDS (2), miscellaneous disorders (2) and cra- 
niofacial disorders (1). Four of these deaths oc- 
curred at home, two at Children’s Hospital and two 
at other nstitutions. 


Nontrzcheostomy-related deaths numbered 108, 
and the primary diagnoses are listed in Table 7. 
One operative mortality occurred in a patient 


-ABLE 3. CAUSES OF UPPER AIRWAY 
OBSTRUCTION IN 105 PATIENTS 


Laryngotracheobronchitis 32 (30% ) 
Subglottic stenosis (congenital or acquired) 22 (21%) 
Acute epig_ottitis 16 (15%) 
Pierre-Robm syndrome 7 ( T%) 
Head and aeck neoplasms i ( 7%) 
Multifactomial causes 7 ( 7%) 
Adenotonsié lar hypertrophy 5 ( 5%) 
Respiratory papillomatosis 3 ( 3%) 
Laryngeal cysts 2 ( 2%) 
Tracheal stenosis 9 ( 2%) 
Laryngeal rauma l ( 1%) 
Vocal cord paralysis l ( 1%) 
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Fig. 2. Duration of tracheostomies (n = 420), 


undergoing cardiac surgery for CHD. A tracheos- 
tomy was performed at the onset of the procedure, 
and the death was unrelated to the tracheostomy. 


Seventy-two patients (17%) were discharged di- 
rectly from the hospital to home after an intensive 
period of training family members in tracheostomy 
care. Eleven patients (3% ) required home venti- 
lators for continued respiratory support. Sixty-three 
patients were transferred to other institutions for 
further care. The remaining patients were either 
decannulated during initial hospitalization or suc- 
cumbed with an indwelling tracheostomy while still 
hospitalized. 


DISCUSSION 


With 106,298 pediatric admissions from 1971 to 
1980, the average incidence in our study was 3.9 
tracheostomies per 1,000 admissions. The gradual 
decrease over the decade (Table 1) is probably a 
reflection of the increasing acceptance of prolonged 


intubation for croup, epiglottitis and some cardiac 
and CNS disorders. 


The higher incidence of tracheostomy in male pa- 
tients has been cited by both Tucker and Silberman‘ 
and Oliver et al' and is felt to represent an increased 
male susceptibility to congenital and acquired dis- 
orders. 


The relative increase in tracheostomy in children 
under 2 years of age appears to parallel the increase 
in survival in children with bronchopulmonary dys- 


TABLE 4. EARLY COMPLICATIONS (N = 119) 
SSS ee ee (ND) 


Accidental decannulation 29 (24%) 
Pneumonia 24 (20% ) 
Pneumothorax ll (9%) 
Subcutaneous emphysema [i (9%) 
Obstructed tube 8 ( 7%) 
Hemorrhage ( 7%) 
Stomal infection 7 ( 6%) 
Tracheitis 7 ( 6%) 
Pneumomediastinum 5 ( 4%) 
Other 9 ( 8%) 


TABLE 5. LATE COMPLICATIONS IN 222 PATIENTS 


Tracheocutanous fistula 42 (19%) 
Accidental decannulation 40 (18%) 
Tracheal granuloma 30 (14%) 
Excessive stomal granulation 24 (11%) 
Obstructed tube 23 (10%) 
Hemorrhage 22 (10%) 
Stomal infection 18 ( 8%) 
Tracheomalacia 12 (5%) 
Other 1] (5%) 


plasia and other congenital disorders over the past 
decade. '' 


Along with CNS diseases, obstruction of the up- 
per airway comprised the most frequent primary di- 
agnosis. The incidence of tracheostomy in cases of 
upper airway obstruction, however, remained rela- 
tively constant over the 10 years of review, while 
CNS disorders have shown a steady increase — a re- 
flection of prolonged survival of children with these 
diseases.'*' Elective craniofacial procedures have 
been performed more frequently and often require 
tracheostomy.'* Prolonged ventilation has been as- 
sociated with improved survival in premature in- 
fants with RDS and often necessitates tracheos- 
tomy. Only in patients with CHD has there been a 
substantial decline in tracheostomies, a factor 
which reflects changes in the philosophy of our car- 
diothoracic surgeons. 


Over the 10-year span, both length of hospitaliza- 
tion and duration of tracheostomy have shown sub- 
stantial increases. Again this indicates the pro- 
longed survival of critically ill children who prob- 
ably would have succumbed in the past. Children 
with RDS and CNS disorders frequently fall into 
this category. Many of these children require a tra- 
cheostomy for months for prolonged ventilation or 
access for pulmonary toilet. 


The complication rate of 49% is similar to that 
reported by Tucker and Silberman‘: (46.5%) but 
higher than that reported by Hawkins and Wil- 
liams® (36%), Gaudet et al? (33%) and Palva et al’ 
(19%). Some series have included delayed decan- 
nulation as a complication. Delayed decannulation 
may be due to tracheostomy but is more often a 
result of the primary disease. This difference may 
be difficult to distinguish and is rarely well 
documented. Likewise persistent tracheocutaneous 
fistula is often not included as a complication since 
it occurs after successful decannulation. We have 


TABLE 6. PRIMARY DIAGNOSES IN PATIENTS 


WITH COMPLICATIONS (N = 218) 


Craniofacial disorders l 


Upper airway obstruction 71 (33 % ) 
CNS disorders 47 (22%) 
Miscellaneous disorders 40 (18%) 
Respiratory distress syndrome 39 (18%) 
Congenital heart disease 20 ( 9%) 

( 1%) 
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Fig. 3. Early and late complications of pediatric tracheos- 
tomies (n = 341). 


considered it a complication since a secondary 
closure procedure is often required. 


Tracheostomy in adults has generally been asso- 
ciated with a lower complication rate than in chil- 
dren. The low incidence of intraoperative compli- 
cations in our series (0.5%) is most likely a result of 
almost all tracheostomies being performed by or 
under the direction of a few pediatric surgeons who 
are otolaryngologic, general or cardiothoracic sur- 
geons. Almost all were performed with a controlled 
airway, usually an endotracheal tube. This permits 
a safe general anesthetic and is helpful in identify- 
ing the trachea, which tends to be less rigid in chil- 
dren than in adults. Meticulous attention is paid to 
hemostasis, and careful dissection in the midline 
can avoid such complications as pneumothorax. 
Once the trachea is identified, stay sutures are placed 
on either side of the midline to provide easy access 
to the trachea postoperatively if decannulation or 
tube obstruction should occur. A vertical incisien 
through one or two tracheal rings is made between 
the stay sutures. In older children, particularly 
adolescents, an inferiorly based flap is frequently 
employed. After the endotracheal tube is with- 
drawn to a level just above the operative site, the 
tracheostomy is placed and secured. The skin inci- 
sion is closed only partially to prevent pneumome- 
diastinum or subcutaneous emphysema. The endo- 
tracheal tube is not completely removed until the 
tracheostomy tube is well secured and bilateral aus- 
cultation of the lungs reveals good breath sounds. A 
postoperative chest radiograph is obtained either in 
the operating room or in the intensive care unit. 
The tracheostomy tube is changed routinely at the 
end of the first week by a member of the operative 
team. The patient remains in the intensive care unit 


TABLE 7. PRIMARY DIAGNOSES IN NONTRACHESTOMY- 


RELATED DEATHS (N = 115)” 


Congenital heart disease 33 (29%) 
Miscellaneous disorders 29 (25 % ) 
CNS disorders 27 (23 % ) 
Respiratory distress syndrome 18 (16%) 
Upper airway obstruction 8 ( 7%) 


*Five patients with two or more diagnoses. 
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Fix. 4. Incidence of tracheocutaneous fistulas and duration 
oftrachetomies (n = 420). 


for monitering at least through the first tube change 
or longer f indicated by the general medical condi- 
tion. 


Centrary to most other series'’*:”"? in which pneu- 
mothorax and pneumomediastinum were the most 
frequent early complications, our most common 
early complication was accidental decannulation 
followed sy pneumonia. Pneumothorax is reported 
to oscur nore often in infants and younger chil- 
drew our results paralleled those of Bridges et al? 
which shewed a slightly higher incidence in older 
chilcren. Inclusion of pneumonia as an early com- 
plicetion s controversial since the process may have 
preceded -he tracheostomy. We included only those 
posteperative cases of pneumonia that were not 
clinizally or radiographically evident prior to the 
tracheostemy as early complications. 


Tke mest frequent late complication, persistent 
trackeocutaneous fistula, occurred in a direct rela- 
tionship to the duration of tracheostomy; approx- 
imately half of the tracheostomies of more than 1 
years duration developed a fistula (Fig. 4). Oliver 
et al' also reported a significant incidence of 
trackeocutaneous fistula after decannulation. Ac- 
cideatal cecannulation was the second most com- 
mon late complication and the most common over- 
all compl cation. In most cases of tracheal hemor- 
rhage, the etiology was uncertain. Several cases ac- 
com>anied abnormal clotting, usually in the pres- 
ence of overwhelming sepsis. In only one case was 
posteperative bleeding a result of operative tech- 
nique, ie, a vein which required ligation. There was 
one eccurzence of massive hemorrhage, presumably 
an irnom nate artery rupture, which resulted in the 
deata of a patient. 


As noted by Gaudet et al,’ infants with RDS had 
a higher imcidence of complications. Children with 
upper airway disease also sustained more morbidi- 
ty, while there appeared to be fewer problems in 
card othozacic patients, contrary to other series.’ 
The higher incidence of late complications in 


632 WETMORE ET AL 


younger age groups has also been noted by other 
authors.'° 


Our overall mortality rate is comparable to those 
of other series,'* while tracheostomy-related deaths 
are slightly fewer than most other series. As noted 
by Tucker and Silberman,’ accidental deeannula- 
tion and tube obstruction are the most common 
causes of tracheostomy-related deaths. Recently, all 
children, either hospitalized or at home and with 
critical airways, have been provided with airway 
occlusion or cardiac monitors to prevent asphyxia in 
the event of accidental decannulation or tube ob- 
struction, 


In nontracheostomy-related deaths, mortality is a 
function of the severity of the underlying illness. Pa- 
tients with cardiac and CNS disorders and congen- 
ital anomalies (miscellaneous disorders) demon- 
strated high rates while craniofacial patients and 
those with upper airway obstruction had signifi- 
cantly lower rates. 


Children with long-term tracheostomies. especi- 
ally those associated with prolonged ventilation. 
present difficult management problems. There are 
currently several children who have spent most, if 
not all, of their lives hospitalized for prolonged ven- 
tilation or tracheostomy care. With intensive in- 
struction, monitoring, and humidification and suc- 
tioning equipment, home care of children with tra- 
cheostomy can be successful. While half (four) of 
the tracheostomy-related deaths occurred at home 
and were due to accidental decannulation or tube 
obstruction, most occurred prior to the imcreased 


availability of airway occlusion monitors. Our 
home ventilator program has also provided an alter- 
native to continuous hospitalization in patients who 
require only respiratory support.'® 


In addition to the complications previously de- 
scribed, speech and swallowing difficulties in chil- 
dren with tracheostomies have also been recognized 
as significant long-term problems. Our experience 
has revealed that speech therapy is beneficial in 
assisting the child’s normal language development. '® 
A communication disorders clinic has been estab- 
lished at Children’s Hospital of Philadelphia to help 
monitor and treat these problems. 


CONCLUSION 


Pediatric tracheostomy during the past decade 
has been subject to changes brought on by improve- 
ments within pediatric medicine. The decrease in 
incidence of tracheostomy reflects an increase in the 
use of endotracheal intubation. The increase in dur- 
ation of tracheostomy and decrease in age are a re- 
sult of improvements in survival of infants with 
RDS and other children with chronic and com. 
plicated primary disease. With good operative tech- 
nique, operative complications can be minimal. 
Postoperative complications frequently mirror the 
complexity of the child’s overall medical care. 
While these complications have a significant in- 
cidence, related mortality can be limited both in the 
hospital and at home with good training and the 
proper equipment, especially humidification and 
monitoring, 
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HOME CARE OF THE PEDIATRIC PATIENT WITH A TRACHEOTOMY 


R. J. RUBEN, MD 
L. NEWTON, MD D. JORNSAY, RN, PNP R. STEIN, MD 
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Forty-seven infants and children with tracheotomies were cared for at home for a follow-up period of 1,581 months. There were two 
relevant fatalities which gave a death rate of 0.13 deaths per 100 months. The averaze age at the time of tracheotomy was 13 months and 
the tracheotomy was in place for an average of 33 months per patient. The ability % care for these children was provided through coor- 
dinated, intensive training and a home-care program in which the inpatient nurse, ne rse practitioner, social worker, pediatrician, and oto- 
rhinolaryngologist worked as a team. 


INTRODUCTION taining the nformation presented in this report. All statistics in- 
clude the total time during the study when the children had their 


The care of infants and children with tracheot- rachotom ies iowlace. 


omies presents a special problem to the family and 


a a ae The chilcren were cared for at home in two different pro- 
the clinician. There are large numbers of infants 


grams. App»oximately half of the children resided within the geo- 


and children who undergo tracheotomies and who graphic con ines of the pediatric home care (PHC) program pre- 
have no other deficits which would require their viously desc~ibec*” as an ambulatory special care unit. The re- 
continued hospitalization. The safety and feasibility maining chi dren resided outside the geographic area of the PHC 
of discharging these infants to their homes, or to program and were cared for by local pediatricians, visiting home 


ig aa f i nurses and. in some instances, services of the regional Depart- 
other care institutions, 1s a subject upon which ments of Health. 


there are few reports." The present report is a 
retrospective study of all of the infants and children 


discharged from The Hospital of the Albert Einstein Geshe 
College of Medicine (HAECOM) with tracheot- For the period studied, 47 infants and children 
omies in place between January 1, 1970, amd were identified who had tracheotomies in place and 
December 31, 1981. It presents information con- were cared for at home or in residential institutions. 
cerning epidemiology, mortality, home-care man- The average number of months with tracheotomies 
agement and the implications of long-term trache- in place es of Dec 31, 1981, was 33 months. There 
otomy. were 12 cases in which tracheotomies were in place 
l from 0 to 12 months, 16 cases from 13 to 24 months, 
The management of these infants and children 4 cases from 25 to 36 months, and 15 cases which 
requires the coordination of a number of health had the t-acheotomies in place for greater than 37 
providers including the pediatric otorhinolaryngol- months. The average time for follow-up, as of Dec 
ogist, pediatrician, inpatient and outpatient nurs- 31. 1981. with or without tracheotomies was 38 
ing services and social workers. The relationship of months. There were 11 cases followed for 1 to 12 
the health-care providers and the family is felt to be months. 11 cases from 13 to 24 months, 8 cases from 
a most important factor in the successful care of 25 to 36 months, and 17 cases that were followed for 
these patients. There have been a few reports on the greater taan 36 months. The total time with 
social and medical support service needs for the tracheotonies in place was 1,581 months or 132 
home care of infants and children with tracheot- vears: and with or without tracheotomy tubes in 
omies.”" place there were 1,826 months or 152 years of 


follow-up. The average age at which the child 


METHOD received the tracheotomy was three months. There 
All the patients under the age of 12 discharged from HAECOM were 37 ciildren who had their tracheotomies done 
with tracheotomies from Jan 1, 1970, to Dec 31, 1981, were from 0 to 12 months of age; 4 children from 13 to 24 
reviewed. Information was obtained from chart analysis. In addi- months o’ age; 2 children from 25 to 36 months of 
tion, parents of children who had not been seen within the ; . , , 
E op diene age; and 4 children who had tracheotomies put in 
preceding 12 months were contacted for further follow-up infor- 
mation. The records of the monthly reviews of home care of in- place at ages greater than 36 months of age. There 
fants and children with tracheotomies were also utilized in 0b- were 35 boys and 12 girls. The etiologies for the 
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TABLE 1. ETIOLOGY 
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Acquired subglottic stenosis 
Congenital subglottis stenosis 
Subglottic stenosis* 
Hemangioma 
Papillomata 
Other 
Tracheomalacia & granuloma 
Vocal cord paralysis 
Cricoarytenoid fixation 
Laryngeal cleft 
Cystic hygroma 
Unknown 
Total 47 


*Insufficient information to determine whether stenosis wa» congenital 
or acquired. 


tracheotomies are detailed in Table 1. Over one half 
(29 of 47) of the children had their tracheotomies 
for either acquired or congenital subglottic stenosis. 
The average length of hospital stay for those chil- 
dren who had tracheotomies performed at HAECOM 
was 30 days (Table 2). Several of these children had 
prolonged hospital stays because of either medical 
or social problems that prevented their discharges 
within three weeks of the placement of the tracheot- 
omy tubes. The mean age at discharge for these 22 
patients was five months (Table 3), and 21 out of 22 
were less than 12 months of age at the time of 
discharge. 


At the time of this survey (Dec 31, 1981), 27 had 
the tracheotomies in place, 14 were decannulated, 3 
were dead and the status of 3 of the chilcren was 
unknown. The cause of death in one child was 
neurological disease, the other two deaths occurred 
at home one to three days after an endosccpic pro- 
cedure was performed. Autopsies were obtained in 
both cases and did not show any occlusion of the 
airways below the tracheotomies. The autopsy re- 
vealed neurological disease in both children. One 
child had a total occlusion of the subglottis and the 
other had a 2-mm opening in the subglottic space. 
In this study both of these deaths are considered to 
be airway-related. 


Five of the patients had total occlusion of their 
airways proximal to the tracheotomy tubes for var- 
ious periods of time; 2 for one month; 1 for one 
year; 1 for two years and 1l for more than three 
years. One child died having had total occlusion for 
one month. 


Repeat tracheotomies were needed in 3 of the 47 
children (all statistics include the total time during 
the study when the children had their tracheoto- 
mies in place). These three children developed 
severe respiratory distress after upper respiratory 
infections and needed to have their tracheotomy 
tubes put back in place. The underlying pathology 
was acquired subglottic stenosis (one case), con- 
genital subglottic stenosis (one case), and supraglot- 
tic hemangioma (one case). One of these children 
was accidently decannulated at home, another was 


TABLE 2. DAYS IN HOSPITAL AFTER TRACHEOTOMY 


No. of Days No. of Cases 

7-14 4 

15-21 8 

22-28 3 

29-35 2 

36-42 l 

>42 4 

Total 22 
Average no. of days — 30. 


Tracheotomies (22) performed at HAECOM; data not available on 
those performed at other institutions. 


decannulated early because of social problems and 
the third was decannulated as the hemangioma ap- 
peared to have regressed and was no longer imping- 
ing on the airway. 


Data was available concerning the living status of 
44 of the 47 children, as 3 children were lost to fol- 
low-up: 3 were dead; 38 of the remaining 41 chil- 
dren were at home; and 3 were in institutions, 2 
because of severe central neurological diseases and 1 
was a quadriplegic. 


All of the six children who had tracheotomies in 
place and were born before June 1, 1975, that is, 
who were older than 6'/, years and who should have 
been in school, and for whom information was 
available, were in school. Five of the 6 were in reg- 
ular schools and 1 was in a special school because of 
mental retardation. 


DISCUSSION 


The information presented reveals that it is possi- 
ble to care at home successfully for infants and 
children with tracheotomies. The mortality re- 
ported in this study is compared with a previously 
published study in which data was collected from a 
number of different institutions* (Table 4). The 
present study differs in a number of ways from the 
previous studies and shows a significant decrease in 
the death rate, from 1.81/100 months of tracheot- 


TABLE 3. AGE AT DISCHARGE FROM 
HAECOM AFTER TRACHEOTOMY 


— .O..OO0O.OrOHFHOT a 


Age (mo No. of Cases 
l l 
2 3 
3 5 
4 l 
5 4 
6 2 
T 3 
8 l 
9 0 
10 ji 
ll 0 
12 0 
13 0 
14 l 
Total 22 


Average no. of months — 5. 
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TABLE 4. MORTALITY RATE 


Present Previous 
Study Study* 


Children 47 38 
Months tracheotomy in place 1581 332 
Tracheotomy deaths 0 2 
Unknown deaths 2 4 
Deaths (% ) 4 16 
Death rate per 100 tracheotomy months 0.13 1.8] 


omy home care to 0.13/100 months of tracheotomy 
home care. The data in the present study shows that 
the patients were able to be discharged from the 
hospital an average of 30 days after the tracheotc- 
mies were performed. In cases without other medi- 
cal and social problems, the children could be dis- 
charged within 2 to 3 weeks. 


The two deaths, which were considered for this 
study to be due to airway failure, occurred in chil- 
dren with neurological disease, total or almost total 
subglottic occlusion, shortly after an endoscopic 
procedure. These three factors should be assessed in 
the future care of these children. It may have been 
possible to prevent these deaths by retaining these 
children in the hospital with monitoring for a few 
days after the procedure or by instituting a more 
rigorous monitoring system at home for the first few 
days after the procedure. 


The ability to discharge children from the hospi- 
tal and care for them at home, to integrate them in- 
to the family, to arrange attendance at regular 
school, and to provide for their continued care is 
based upon a program of home care which begins in 
the hospital. This program of home care Is depen- 
dent upon the management by and coordination of 
a number of health providers including the pedia- 
tric otorhinolaryngologist, the pediatrician, in- 
patient and outpatient nursing services and social 
workers. The relationship between the health care 
providers and the family is a most important factor 
for the successful care of these patients. 


The experience of 11 years of home management 
of children with tracheotomies shows that the situ- 
ation in which the child is hospitalized in the inten- 
sive care unit or is placed close to the nurse's station 
for necessary observation intensifies the difficulty of 
hospital-to-home care transition for the family. Un- 
fortunately, this required level of hospital care re- 
inforces fears regarding the parents’ abilities to care 
for the child at home. The large majority of parents 
are able to overcome these fears; however, there ase 
some children for whom the possibility of home 
management does not exist, either because of the 
social situation or overwhelming fear on the part of 
the parents. For these children, placement in a 
chronic care facility may be the only reasonable al- 
ternative. Only one child of our group who could 
have been at home was placed in a chronic cape 
facility. This child remained in the chronic cape 


facili y for two years and was then accepted into the 
home. 


Due to tne difficulty of transition from hospital to 
home, work begins with the child and the family on 
an inpatient service in which parents are helped to 
unde-stand why the tracheotomy was needed, and 
instructior is begun on how to care for the child 
with a tracheotomy. When parents understand the 
reason for the tracheotomy, they are better able to 
learn how <o care for the child.* Lengthy discussions 
and explanations, usually augmented with dia- 
grams, are needed. Explaining the etiology of the 
probEm te the parents is the responsibility of the 
pediatric »torhinolaryngologist and pediatrician. 
The social worker assesses the family’s needs and re- 
sources, works out the mechanisms to obtain neces- 
sary equipment at home and provides psychological 
suppert for the family. Initial instruction on trache- 
otomy site care, postural drainage, suctioning and 
then rach2otomy tube changes is given by the inpa- 
tient nursing and medical staff and is coordinated 
with the nurse who will follow the child after dis- 
charge. A teaching check-list is used which docu- 
ments when a procedure was taught, when it was 
reinferced when the parents or caretakers were 
able +o demonstrate that they had gained proficien- 
cy in the care. This check-list includes basic 
knowledge of the anatomy and physiology appro- 
priate to -he patient, use of humidification, the 
parts of the tracheotomy tube, the cleaning of the 
inner canrula, peristomal care, the use of the suc- 
tion, the change of the tracheotomy ribbon, the 
chanze of the tracheotomy tube, emergency pro- 
ceduxes, the availability of contacting community 
suppert, ncluding the Visiting Nurse Service, 
Hom- Care, Public Health Nurse and the local util- 
ities and Local ambulance, the use of the portable 
sucticn ard saline instillation. Cardiopulmonary 
resuseitation from mouth to tracheotomy stoma is 
taught. If the child is old enough and has ap- 
propriate ocial maturity (between 5 and 6 years ), 
he or she 5 involved in the instruction. 


At least two family members are taught tracheot- 
omy care These are usually both parents, and 
wherever possible a third person with whom the 
child is familiar and comfortable and with whom 
the parents can leave the child, is also instructed. 


Pripr to discharge, supplies are ordered. These sup- 
plies 2onsi t of a portable suction machine, a de Lee 
trap or emergency suction, Kelly clamps, a spare 
tracheotomy tube, tracheotomy care kits, trache- 
otomy suction kits, hydrogen peroxide, sterile saline 
in liter battles and syringes for saline instillation. 
The parencs are advised to keep a list of where these 
mate-ials ean be ordered and to keep at least a two- 
week supply on hand. A home visit is made by the 
Visiting Nurse Service or the Home Care Service to 
help the parents set up the equipment. Equipment 
is arranged in the room where the child will sleep 
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TABLE 5. THE CHILD WITH A TRACHEOTOMY 
MANAGEMENT HINTS 
A GUIDE FOR PARENTS 
a uŘmmummaamoo 
Home Environment 
l. Keep all tracheotomy care equipment in one place. 
2. Keep dusty items away from the child. 
3. Humidify the room if you use an air-conditioner. 
4. Instruct a “sitter” in tracheotomy care. 


Bathing and Hair Washing 
1. Do not leave the child alone in the tub. 

2. For hair washing — place the child on his or her back on the 
vanity or kitchen counter, his or her head hanging over the 
sink. 

Clothing 
1. No turtleneck shirts. 
2. No fabric that sheds. 
Feeding 
l. Prevent food or liquids from entering the tracheotomy. 
2. Suction the child and do tracheotomy cleaning before feed- 
ing the child. 
Traveling 
1. Bring a deLee suction with you for short trips (store, doc- 
tor’s office). For oe trips take your battery-powered suc- 
tion, replacement tube, suction and cleaning equipment. 
Report the Following to the Otolaryngologist: 
1. Change in color or consistency or odor of mucus. 
2. Skin breakdown around the stoma. 
3. Child’s admittance to the hospital. 


Emergency Telephone Numbers 
1. Otolaryngologist 

. Pediatrician 

. Local hospital 


- Local police, fire, or rescue squad, depending om which has 
the equipment and personnel to aid with resuscitation 


5. Utility company 
6. Neighbor 


A GC bo 


within easy reach of the child’s bed or crib. Several 
electrical outlets and sufficient current to support 
two appliances concurrently are needed. The suc- 
tion pump should be plugged in at all times and a 
humidifier kept in the room in which the child 
spends the main part of his or her time. A sterile 
tracheotomy tube and scissors are taped at the head 
of the child’s bed; for a toddler, these are taped on 
the outside of the crib out of the child’s reach. The 
safety of the child at home with a tracheotomy is 
paramount, so families are always taught to keep an 
extra tracheotomy tube available. 


It is desirable for parents to stay in the hospital 
with the child and to participate in and ultimately 
to provide the child’s tracheotomy care there, es- 
pecially a few days before the child is ready to be 
discharged. After the equipment is in place at 
home, arrangements are made so the child may 
spend a few hours there. Passes home have been 
found to relieve anxiety a great deal and are useful 
in helping all involved to anticipate and raise ques- 
tions and concerns. In some institutions the child is 
allowed to go home on an overnight pass prior to ac- 
tual discharge. When this is not possible arrange- 
ments are made for the mother to sleep-in and care 
for the child in the hospital overnight if she has not 
already done so. 


Usually children are discharged at the beginning 
of the week so families are somewhat comfortable 
by their first weekend. The parents are given the 
home phone numbers of the nurse, pediatrician, pe- 
diatric otorhinolaryngologist, and nearest hospital 
emergency room. These phone numbers, along with 
the numbers of the ambulance service and fire 
department, are permanently posted adjacent to 
the phone for easy accessibility in an emergency. 
The local power company and fire department are 
notified that a child with life-sustaining equipment 
is living in the area so that provisions can be made 
in the event of a power failure. Some centers recom- 
mend sending children home with an Ambu bag, 
but this has not been our policy. It is important, 
however, for the family to have and to know how to 
use deLee suctioning traps. The parents are given a 
short guide for home care of the patient (Table 5) 
and a copy of A Guide to Pediatric Tracheostomy 
Care.$ 


At the time of discharge, several family members 
are competent in giving tracheotomy stoma care 
and suctioning. Although they have all been taught 
to change the tracheotomy tube, parents tend to be 
much more fearful of this procedure when they are 
outside the protected environment of the hospital. 
An initial home visit is made on the day of dis- 
charge, and daily if needed, until the family is com- 
fortable with the procedure. At these visits, the 
parents demonstrate their suctioning techniques. 
Emphasis is placed on hand washing before begin- 
ning care of the tracheotomy. While in the hospital 
parents are taught sterile technique; in the home, 
clean technique has been found sufficient for pre- 
venting infection. 


When teaching or reviewing suctioning pro- 
cedure the importance of positioning the child with 
the neck hyperextended is emphasized. The inner 
cannula is removed prior to suctioning. Suction 
catheters are always tested with a small amount of 
normal saline prior to being inserted. Depending on 
the moisture of the secretions, instillation of sterile 
water may be required. Generally 0.5 to 1 cc of 
sterile water is sufficient. If the child has difficulty 
coughing or bringing up secretions, deeper suction- 
ing may be needed. The suction catheter is inserted 
until it meets resistance. The child is suctioned with 
the head turned first to one side and then to the 
other. No suction is applied until the catheter is be- 
ing withdrawn. The catheter is rotated as it is with- 
drawn. The amount of time for each aspiration 
should not exceed five seconds. The child should be 
suctioned until the catheter return is clear: the child 
will need a rest period between aspirations. The 
suction catheter should be cleared of mucus be- 
tween aspirations. After the child appears comfort- 
able and free of mucus, the suction catheter should 
be cleared of mucus. Catheters can be cleaned with 
soap and hot water and stored for reuse in a clean 
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jar. During the entire procedure the child must be 
observed closely for any signs of respiratory distress. 


Cardiopulmonary resuscitation and the emergen- 
cy phone numbers are reviewed on the initial home 
visit. 

Ideally the tracheotomy tube should be changed 
daily to minimize granulation tissue. The absolute 
frequency, however, will be dependent on the par- 
ents’ level of expertise and comfort with the proce- 
dure. This procedure may require two people, one 
to position and hold the child and the other to 
change the tube. Initially, tracheotomy site care 
should be performed, the inner cannula removed, 
and the child suctioned. The new sterile tracheot- 
omy tube with clean ties should be ready with the 
obturator in place. With the child held with the 
head hyperextended, the tracheotomy ties are cut 
and the tube is held in place. One hand removes the 
dirty tracheotomy tube, while the other hands holds 
the clean one ready for insertion. The obturator is 
removed immediately once the clean tube is in- 
serted and the clean inner cannula is replaced. To 
tie the tracheotomy, the child’s head should be 
flexed forward onto the chest. There should be 
room for one adult finger between the ties and the 
neck, Finally the ties are tied with at least a triple 
knot. 


If the child is sent home with parents who have 
been taught and know the procedure for changing 
the tracheotomy tube but are too fearful to do this 
alone, the home care nurse works toward a gradual 
increase in parental independence. Initially she 
helps the mother, then stands next to her while she 
does it, then in the next room. This gradual increase 
of parental responsibility enables even the most 
fearful parent, within a few weeks, to change the 
tracheotomy tube independently. 


When the inner cannula is removed prior to suc- 
tioning, it should be placed in a solution of one-half 
strength hydrogen peroxide and water. It should 
not be left in the solution for longer than three 
minutes or it will blacken. The lumen of the inner 
cannula should be well cleaned with either pipe 
cleaners or gauze prior to being sterilized. 


Tracheotomy tubes are sterilized by placing them 
in boiling water and being boiled for 15 minutes. 
They are then removed and stored in a clean towel. 
If the suction bottle itself develops an odor, it can be 
cleaned with alcohol in addition to the usual soap 
and water. There is no need to purchase sterile 
water and normal saline. These solutions are easily 
made at home. Normal saline is made by mixing 2 
tsp of table salt with 0.95 L (1 qt) of sterile water 
which is then labeled and stored. 


When traveling outside the home the child should 
wear a bib made from a triangularly folded hand- 
kerchief to protect the open tracheotomy, and the 
parent should carry an emergency kit which con- 


tains seve-al portable deLee mucus traps, a scissors, 
an ectra tracheotomy tube, and forceps to keep the 
stona open. 


O-her factors in home safety include making sure 
the aebulizer gives cold rather than a hot mist to 
prevent tke possibility of scalding, screening the en- 
virormen- of the infant or toddler for any small ob- 
jects which could be inserted into the tracheotomy 
tube and watching young siblings for “trach play.” 
Powders, aerosols, fine animal hair and cigarette 
smole are all irritating to the tracheotomy and 
showd be avoided. When bathing the child or 
wast ing tis or her hair, parents must be careful to 
keep water from entering the tracheotomy tube. If 
any water gets directly into the tracheotomy tube, 
the child hould be suctioned immediately. Restric- 
tive clothing such as turtlenecks should not be 
WOTE. 


The mcst common complication encountered by 
parents is partial or complete obstruction of the tra- 
cheocomy site with symptoms of fright, restlessness, 
clammy sxin, tachypnea, nasal flaring, and, if al- 
lowed to progress, frank cyanosis. Parents should be 
taugnt how to handle this situation initially by suc- 
tioning ard then removing the inner cannula. This 
will freqaently remove the mucus plug. If the 
parents are unable to dislodge the plug by suction- 
ing. they hould make sure the child’s neck is hyper- 
exterded, and stimulate a cough by instilling up to 
1 ce of serile water into the tracheotomy tube. 
Ther mus: continue to suction and stimulate cough- 
ing end never leave the child alone. If unsuccessful, 
they should change the tracheotomy tube and be 
prepared to call the ambulance should this fail to 
alleviate the problem. 


Amothe- complication is displacement of the tra- 
checomy tube. If the tracheotomy tube is displaced 
or cemes out partially, it should be reinserted and 
tightened When it comes out completely, a new 
steri e tracheotomy tube should be reinserted when 
avai able. if unavailable, the old one should be 
reinsertec. This situation is likely to be frightening 
both to the parent and child, making tracheotomy 
tube insertion difficult, but if the parent can remain 
cal . the-child will relax and reinsertion of the tube 
will be easier. In the event that the parent is unable 
to reinser- the tube, someone should stay with the 
chile wh le an ambulance is called. Speaking to 
parents about this specific problem in advance, and 
ever role-playing the situation, can be helpful to 
parents im preparing them to remain calm should 
the actua problem arise. 


Respiretory distress may occur secondary to a 
number cf causes. The parents should be taught to 
obse-ve fer dyspnea, orthopnea, retractions, nasal 
flaring, tachypnea, and cyanosis. When tachypnea 
occurs parents should observe level of activity and 
the presence of any fever. True tachypnea or any of 
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the other signs of respiratory distress warrant im- 
mediate investigation by the doctor or nurse. 


Children with tracheotomies appear to be more 
susceptible to respiratory infections than the 
average child. Parents should be told that when the 
child has an infection, the secretions may become 
thicker and change in color. The secretions may also 
develop an odor. The child is also more likely to re- 
quire suctioning more often than usual. Postural 
drainage is also an important aspect of treatment of 
the children with upper and lower respiratory in- 
fections. Children with tracheotomies also contract 
other common episodic illnesses of childhood. Par- 
ents need to learn fever control, the importance of 
suctioning after any vomiting episode, and postural 
drainage. The parents are instructed to call the 
nurse or the doctor for any temperature greater 
than 38.3°C (101°F) or any change in the nature of 
tracheal secretions. 


Bleeding is another complication that is very 
frightening to parents. If the “bleeding” is pink- 
tinged mucus without any other symptoms of ill- 
ness, anxiety may be reduced if parents are in- 
formed that this may result from increased frequen- 
cy or vigor of suctioning. When irritaticn of the 
trachea is suspected, review of suctioning pro- 
cedures and especially catheter rotation during suc- 
tioning is undertaken with the parent. Any bright 
red mucus or prolonged bleeding warrants immed- 
iate medical attention. 


A common parental concern regarding a child 
with a tracheotomy is the issue of speech. Most 
children with tracheotomies have a sufficient air- 
way to allow some air to pass through the vocal 
cords and thereby to produce sound. Parents may 
initially hear babies produce some sound with cry- 
ing, then babbling and eventually talking. Toddlers 
quickly learn to cover the hole in their tracheoto- 
mies with their chins or fingers to make a noise. 
Unless the child has an associated hearing loss, he 
will develop some speech. Children with complete 
upper airway obstruction and hence without the 
ability to transmit air through their larynges must 
be handled with special techniques.” !° 


Although parents are concerned about speaking, 
the more major problem in the area of communica- 
tion is the fear that the child will be unable to sum- 
mon help. This is especially true of the infant or 
young child. For this reason, parents are advised to 
tie a bell around the child’s ankle. A child in 
respiratory distress will not lie quietly, but rather 
will thrash about, thereby “ringing” for help. The 
older child can be given a squeeze horn, squeeze toy 
or a bell. 


The fear of the child’s inability to call for help 
and the increased risk of infection causes the parents 
of children with tracheotomies to live with nearly 
constant reminders of their child’s vulnerability. 
Even when they understand the medical cause, par- 


ents often cannot understand why or how this par- 
ticular misfortune has happened to their child, so 
they review all the events of the pregnancy, and/or 
the child’s birth and infancy looking for any possi- 
ble cause. In the two-parent family, they may ac- 
cuse one another and it is the role of the primary 
care provider to help the family maintain a realistic 
medical appraisal of the situation. It is very impor- 
tant, therefore, to give new information regarding 
prognosis or outcome of procedures to both parents 
together whenever possible, so that one parent is 
not put in the role of being the messenger of bad 
news. 


Parents fear that such things as smoking or not 
taking vitamins during pregnancy caused or con- 
tributed to their child’s problem. This almost 
universal guilt, plus the feeling of responsibility for 
the child’s airway, exacerbate any pre-existing 
family problems to the point that they may require 
intervention. It is helpful for medical providers to 
understand that this is a potential effect of having a 
tracheotomy in a family. 


The fear of their child’s inability to communicate 
is perhaps the single most disruptive force in the 
family. Parents anticipate their child having respi- 
ratory distress at night and being unable to call for 
help, and will therefore sleep in shifts or not at all, 
In addition to the changes in sleeping patterns, 
there is frequently also a change in sleeping ar- 
rangements and physical reorganization of space. 
Many times the child who was previously sleeping 
in his or her own crib or bed in another room is 
moved into the parents’ room. Commonly, the 
father is displaced from the bed, or the room, and 
the child may begin sleeping with the mother. As 
one might well imagine, this is all very disruptive to 
the parents’ sexual relationship. 


Although we have not done a statistical survey, 
we feel we should note that during our 11 years’ ex- 
perience of home management of children with tra- 
cheotomies, we have observed a relatively high in- 
cidence of fathers leaving the home at least tem- 
porarily after the child with the tracheotomy re- 
turned home from the hospital. 


Many working mothers leave their job to care for 
the child with a tracheotomy; this exacerbates the 
financial burdens imposed upon the family. In ad- 
dition to the direct medical expenses, there are the 
expenses of days lost from work for the parent who 
continues to work. There are also numerous direct 
and indirect medical expenses, such as transporta- 
tion to and from the hospital, meals while in the 
hospital, and babysitters for the children at home. 


Another source of parental anxiety and guilt is 
the risk of anesthesia to which their child is repeat- 
edly subjected for endoscopic procedures. This situ- 
ation is compounded if these treatments involve an 
overnight admission, rather than a stay in the one- 


HOME CARE OF PEDIATRIC TRACHLOTOMY 639 


day unit. Parents also must handle the problem of 
the child’s fear concerning his or her repeated 
hospitalization. 


The child with a tracheotomy will usually de- 
crease the mobility of the members of the family. 
This will also serve to create a realignment of the 
family. There is less available time for self, spouse 
and siblings and an overinvestment in and overpro- 
tectiveness of the one “sick” child. The entire family 
starts to expect all the attention to be focused on the 
child with the tracheotomy and family members 
may resent the lack of available time. The child 
with the tracheotomy becomes cast in his or her 
“sick” role, exempted from normal social respon- 
sibilities and expectations. The school-age child, for 
example, does not do the dishes or go to camp, or 
the younger child can’t go to preschool because he 
or she is “sick.” If this is allowed to continue, the 
child is put into a dilemma. The child knows that he 
or she should want to get well, but sees the advan- 
tages and secondary gains of being sick, and also 
bears tremendous guilt. He or she is the reason why 
the family can’t have a pet or must move closer to 
the hospital. The child also feels the burden of the 
responsibility placed on the siblings. One school-age 
child with a tracheotomy related that his father 
would not allow his year-older sister to hit him 
because if he cried he would produce more mucus. 
The child was most distressed by the fact that he 
could hit his sister and get away with it, but the 
same rules did not apply to his older sister. He 
perceived this as more responsibility than he 
wanted. 


While the sick role has implications for the child 
with the tracheotomy, there are also overwhelming 
implications of the tracheotomy on the child’s well 
siblings. The siblings feel anger and jealousy at their 
“sick” sibling and guilt for their anger, for being 
healthy, and for their fantasies in which they are 
certain they caused their sibling to need a tracheot- 
omy. Many manifest fears about “catching” the dis- 
ease that necessitated the tracheotomy. They are 
often unable to talk about these fears or frustrations 
or anger. When people within the family are unable 
to speak about their feelings or concerns about the 
tracheotomy, an enlarging circle of dangerous sub- 
jects develops which cannot be spoken about be- 
cause it is feared that they will trigger a discussien 
about the dreaded topic. This is especially true re- 
garding sibling and parental fears that the child 
will die. 


In any family there is a great amount of competi- 
tion among siblings for parental attention. Siblings 
of children with tracheotomies usually try to win 
back some parental attention by initially being the 
best child or best sibling to the sick child. Some as 
young as three years old have learned to help their 
mothers with tracheotomy-site care and suctioning. 
If the siblings are unsuccessful at being the best 


child, they may attempt to gain parental attention 
by having something worse, being more sick, hav- 
ing frequent accidents, etc. Older siblings ex- 
perience the increased burdens of babysitting and, 
in bilingual families, of translating for their non- 
English-speaking parents. Frequently, the older sib- 
ling is responsible for the management of the house- 
hold whik the parents are in the hospital with the 
child with a tracheotomy and are thus peeatu 
forced int adult roles. 


Babysit-ing also presents a problem. The baby- 
sitter mus be someone with whom the child is com- 
fortable æ well as someone who is able to suction, 
knows cardiopulmonary resuscitation and is able to 
respond to an emergency. Unfortunately, many 
families deal with this problem by never going out 
or leaving the child with a babysitter. In order to 
avert this problem, parents should be encouraged to 
teach other family members or close friends. 
Another resolution is the use of a homemaker or 
skilled nurse to relieve the parents for short periods 
of time. The most viable solution to this problem, 
however, seems to come from alliances between 
parents o: children with tracheotomies who can ex- 
change babysitting services and feel comfortable 
that their child is being left with someone compe- 
tent to previde the necessary care. 


The laek of available school programs for chil- 
dren with tracheotomies has presented a problem to 
almost al parents. Generally, schools will not per- 
mit a chil with a tracheotomy in the classroom un- 
less there is a full-time registered nurse in atten- 
dance. Tl is nursing situation exists in New York City 
only in programs for multihandicapped children. 
For nonmentally handicapped school-age children 
there are several other alternatives: 1) home tutor- 
ing, which is definitely inadequate for purposes of 
socializat on and generally inadequate educational- 
ly because the time is so limited; 2) parent or guar- 
dian accampaniment in the classroom, which is not 
a feasible alternative for families with younger 
children and a questionable alternative from the 
perspective of socialization as well; or 3) special ar- 
rangemerts whereby the parent assumes responsi- 
bility for the tracheotomy by being “on call” to the 
school in zase of an emergency. This seems to be the 
most workable solution although it is only feasible 
for the ckild who can cough up secretions easily, is 
able to remove his or her own inner cannula if needed, 
and lives relatively near the school. In this situa- 
tion, the child should carry a clean inner cannula 
with him or her at all times. 


The child with a tracheotomy is as much in need 
of recreational services as his or her normal peers. A 
camp experience is a particularly good way of meet- 
ing this m=ed and giving the child an opportunity to 
be independent of the parents’ usual overprotective- 
ness. Some sleep-away camps for children with a 
chronic Cisease exist that are properly staffed and 
are willir g to take a child with a tracheotomy. Here 
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the child may have the opportunity to experience 
some independence and take part in normal camp 
activities without the stigma of being the only one 
with a health condition or other chronic disease, 
and thereby may gain a different perspective of 
himself or herself. 


The stress imposed on the family by the tracheot- 
omy often requires the intervention of social work 
services for counseling and assistance cbtaining 
financial support. The availability of these services 
on an outpatient basis is quite limited. 


Although many aspects of the home management 
of the child with a tracheotomy are problematic, 
they are outweighed by the benefits to the child and 
family. The primary benefit of involvement of 
family members in the treatment plan is that it 
minimizes the inherent impact of the tracheotomy 


by preserving the basic family structure and by pro- 
viding the child with a supportive environment 
which fosters acceptance of the child and his or her 
condition by the family. 


CONCLUSION 


Infants and children with tracheotomies in this 
home care program have a low mortality rate. The 
most important element in the maintenance of a 
safe and effective home-care program is the avail- 
ability of otolaryngic, nursing, pediatric and social 
service support for the training of the parents, and 
continued monitoring and care of the child. An in- 
tensive, planned, coordinated parental training and 
home-care program is felt to be a major factor in 
the low mortality reported in this series. 
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BRONCHOSCOPIC LIMITED LAVAGE 
FOR CYSTIC FIBROSIS PATIENTS 


AN ADJUNCT TO THERAPY 
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AKRON, OHIO 


Bronchoscopic aspiration of the tracheobronchial tree in patients with cystic fibrosis is a controversial procedure. Results of therapy 
are difficult to evaluate. Many different techniques have been described, adding to the confusion. Our experience using limited lavage with 
4% acetylcysteine and saline have been most gratifying in 114 procedures at the Children’s Hospital Medical Center of Akron, Ohio. Each 


was performed under general anesthesia using the rigid bronchoscope. There were no deaths. 


Timing of the procedure and patient selec- 


tion are partially subjective. The most impressive results have been improved pulmonary compliance and improved quality of life in the 
patient. Details of the procedure, techniques of anesthesia, and results of therapy are presented. 


Management of the thick, viscous, partially ob- 
structing secretions in the tracheobronchial tree of 
the patient with cystic fibrosis remains a continuing 
challenge. This problem is more pronounced during 
periods of acute exacerbation of pulmonary infec- 
tion. It is manifested by marked decrease in pul- 
monary function, increased PCO,, and decreased 
PO2, to the extent that conventional cystic fibrosis 
pulmonary therapy loses its effectiveness. Endo- 
scopic removal of tracheobronchial secretions has 
been performed in recent years in an attempt to im- 
prove the clinical condition of the patient. This has 
included volume-controlled lung lavage as reported 
by Kylstra and coworkers'* and bronchoscopy and 
bronchial lavage as reported by Altman and 
coworkers.** Both the rigid* and flexible bron- 
choscopes®’” have been used with general or local 
anesthesia. At Children’s Hospital Medical Center 
of Akron, 114 procedures have been performed en 
35 patients (20 men, 15 women) since 1970. The 
youngest patient was three months old and the 
oldest 31 years. Each procedure was performed 
under general anesthesia using the rigid broncho- 
scope. There were no operative deaths. 


METHODS 


Bronchoscopy with limited lavage has been performed most 
commonly after the patient is admitted to the hospital and placed 
on intensive medical therapy including intravenous antibiotics for 
72 hours, postural drainage and vigorous nutritional support. Oc- 
casionally, bronchoscopy has been performed on an emergency 
basis due to the marked secretions and, on clinical judgment. if 
the patients were drowning in their own secretions. Early in eur 
experience, several patients developed elevation of temperature 
after minimal preoperative preparation. It was for this reason 
that we arbitrarily initiated, as part of the “tune-up,” a minimam 
of a 72-hour preparation with intensive intravenous antibietic 


therapy. Cu tures are obtained on all patients with cystic fibrosis 
on a monthly basis, so we generally have an excellent idea of both 
the bacteria and the sensitivity. 


The patient is induced with thiopentone 4 mg/kg intravenously 
followed by succinylcholine 1.5 mg/kg. During induction, a rigid 
bronchoscope of the largest size which can be comfortably intro- 
duced is passed into the trachea. The thick, tenacious secretions 
are aspirated by suction, and the specimen collected for bacterio- 
logic, funga, and cytologic studies. Ventilation is accomplished 
by bag injection of 100% oxygen through the sidearm of the bron- 
choscope. Relaxation is maintained by 0.2% succinylcholine drip. 
A 4 solution of acetyleysteine (Mucomyst, Mead Johnson Labs, 
Evanston, Ind) is injected forcibly through the bronchoscope in 
8-mlincrements. After positive pressure ventilation, the secretions 
are aspirated by suction. Usually a large volume of secretions in- 
cluding bronchial casts is obtained. The injection is repeated on 
each side selectively as indicated. Brevital (Eli Lilly Co, In- 
dianapolis, Ind) 1 mg/kg is given intravenously. Normal saline 10 
ml is injected and aspirated from each main stem bronchus. The 
succinylcholine Crip is discontinued, and the patient is allowed to 
react with the bronchoscope in place. Once coughing and spon- 
taneous ventilation are effective, the bronchoscope is withdrawn. 
We have not had complaints of awareness, and the patient is 
awake on leaving the surgical suite. The volume of lavage fluid is 
usually 50 to 60 ml. The procedure requires approximately 20 
minutes. 


RESULTS 


The only difficulty related to anesthesia occurred 
early in the study. Curare was used for relaxation 
and reversal was difficult. Most cystic fibrosis pa- 
tients are in a state of chronic acidosis which may 
impede the reversal of curare. This problem has not 
existed since the administration of succinylcholine 
as the relaxing agent. Extreme cooperation between 
the anesthetist and bronchoscopist is essential. Oc- 
casionally, ventilation is improved by forcibly 
blowing through the open end of the bronchoscope. 


Successful lavage induces effective cough with 
massive procuction of mucus in the next 24 hours. 


From the Surgical Service and Cystic Fibrosis Clinic, Children’s Hospital Medical Center of Akron, Ohio. 
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Bronchial casts may be expectorated for a period up 
to 72 hours. Hemoptysis is rarely a problem. 


Improvement in clinical status following bron- 
choscopy and limited lavage has been most gratify- 
ing. Objective assessment is difficult; however, 
several physiological factors have been identified. 
There is a marked improvement in lung compliance 
noted by the anesthesiologist and the bronchos- 
copist. The patient immediately recognizes that it is 
easier to breathe and that the secretions are more li- 
quid and easily eliminated. Pulmonary function 
studies performed preoperatively and postopera- 
tively on six patients showed an increase in vital 


capacity in each patient with an average inerease of 
19.5%. 


Exercise tolerance, school and work attendance 
are improved. Most striking in our group of patients 
is their request for periodic washouts as part of their 
inpatient tune-ups. Radiologic evidence of improve- 
ment is not consistent, although it has been ex- 
tremely dramatic in some patients. Improvement in 
chest films seems to be maintained for a period of 
three to six months. Stabilization of weight loss and 
weight gain has been noted in patients in the 
months following washout. 


DISCUSSION 


We have found that the overall improvement in 
patients with cystic fibrosis following bronchoscopy 
and limited lavage is of sufficient benefit to con- 
tinue its integration as part of the therapeutic regi- 
men. There is little doubt that the progressive dis- 
ease process is not altered. However, an improved 
quality of life can be achieved. The sense of well- 
being and improvement in the quality of life ex- 
pressed by our patients has been most impressive. A 
large number of patients, particularly in the adoles- 
cent and adult age groups, have requested the pro- 
cedure, noting the benefit of a previous lavage. We 


have not used this procedure on a routine or pro- 
phylactic basis. It has not replaced pulmonary phy- 
siotherapy or antibiotic therapy but is viewed as an 
adjunct to vigorous medical treatment of this most 
difficult disease. 


The use of 4% acetylcysteine as shown by Shaw? 
is an effective mucolytic and has not presented the 
problem of bronchial irritation or spasm. Most pa- 
tients are discharged within one week of the pro- 
cedure. Following the lavage, the intravenous an- 
tibictics are maintained for a minimum of 72 hours 
before being switched over to appropriate oral an- 
tibictics. It is our impression that patients have 
been able to enjoy a more productive life as a result 
of integrating this procedure with the overall medi- 
cal tune-up that we offer. : 


CONCLUSIONS 


1. Bronchoscopy and limited bronchial lavage 
have been performed safely under general anesthes- 
ia 114 times in 35 patients at Children’s Hospital 
Medical Center of Akron. 


2. Stabilization of weight loss and, in many pa- 
tients, an actual weight gain has occurred in the 
four- to eight-week period following medical tune- 
up and lavage. 


3. It is imperative that intravenous antibiotics be 
used for a minimum of 72 hours prior to the pro- 
cedure and for a period of at least 72 hours follow- 
ing the procedure in order to avoid bacteremia and 
febrile responses. 


4. As an emergency procedure, bronchial lavage 
in patients who are literally drowning in their own 
secretions is an effective adjunct to medical thera- 


py. 
5. Bronchoscopy and limited lavage is an adjunct 


not a substitute for conventional cystic fibrosis pul- 
monary therapy. 
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RESPIRATORY REHABILITATION WITH 
TRANSTRACHEAL OXYGEN SYSTEM 


HENRY J. HEIMLICH, ML 


CINCINNATI, OHI@ 


A system of transtracheal oxygen administration has been developed which is more effective for rehabilitating chronic obstructive pul- 
monary disease (COPD) patients than traditional systems for providing continuous ozygen therapy. The procedure involves administering 
oxygen continuously through a No. 16 intravenous catheter inserted transtracheally. Therapeutic PaO, levels are attained with an oxygen 
flow of 0.25 to 1 liter per minute. Transtracheal oxygen administration has numerous advantages over nasal cannula or Venturi mask 
devices. With this system, the patient requires 3 to 4 times less oxygen; therefore, a 2.7-kg (6-lb) portable tank will last most of one day. 
Oxygen-enriched air via transtracheal catheter reaches the lungs directly with less respiratory effort. Delivery of oxygen is not impaired by 
sinusitis, mouth-breathing, displacement of nasal cannula or less of oxygen into the -oom. Patients experience an immediate sensation of 
being able to breathe more easily, begin ambulating the day of the procedure, have improved nutrition and return to many normal ac- 
tivities. 


As emphysema, black or brown lung and other mask is largely wasted because much of it dissipates 
chronic lung diseases advance in severity, patients into the ctmosphere through the nose and mouth 
become dependent upon oxygen inhalation therapy before it can reach the lungs. In addition, the ox- 
for comfort and survival. Hypoxemia ravages all ygen introduced into the nasopharyngeal and laryn- 
organ systems of the body, causing functional and gotracheal dead space is not utilized for respiratory 
psychological incompetence. Oxygen therapy alle- exchange. Consequently, high flows, at least 2 to 4 
viates hypoxemia for patients with chronic obstruc- liters per ninute (LPM), are required for adequate 
tive pulmonary disease (COPD) while decreasing therapy. Small portable containers provide oxygen 
the actual work of breathing. Clinical studies in- for only a short time and larger units must be rolled 
dicate that patients experience increased exercise on wheels. Mobility generally is limited by 15 m of 
tolerance as well as general physical and mental im- tubing comnected to a stationary concentrator or Cy- 
provement with supplemental oxygen. linder. 

Traditional systems for providing continuous ox- Oxygen delivered through the nose or mouth 
ygen therapy delivered by a nasal cannula or mask dries the nasopharyngeal mucosa, resulting in irri- 
have several disadvantages. Due to the high flow tation that may not be relieved by humidification. 
necessary to attain therapeutic levels, large quan- Nasal cannulas cause bleeding at the orifices of the 
tities of oxygen are required; therefore, oxygen con- nose. An oxygen mask is uncomfortable and often 
tainers are heavy and cumbersome and limit ambu- produces pressure sores. These devices are also cos- 
lation. In addition, oxygen irritates the nasophar- metically unsightly. Patients resist continuous 0X- 
ynx, diminishing patient acceptability. To over- ygen therapy by these methods. The result is de- 
come these problems, a system of transtracheal oxy- creased functional capacity of internal organs and 
gen administration has been developed which is ef- generalized deterioration attributable to hypoxemia 
fective for rehabilitating COPD patients. The tech- and immc bility. 


nique consists of inserting No. 16 gauge plastic tub- 
ing through the lower neck into the trachea and de- 
livering oxygen directly into the tracheobronchial 
tree (Figure). The nasopharynx is bypassed, elimin- 
ating irritation, and therapeutic blood oxygen levels 
are attained with considerably lower flow than was 
possible with previous oxygen delivery equipment. 


It was conceived that direct intrabronchial ox- 
ygen delivery would require less oxygen flow to pro- 
vide adequate therapy by bypassing the dead space 
and eliminating oxygen waste associated with nasal 
cannulas and masks. Furthermore, providing ox- 
ygen transtracheally eliminates nasopharyngeal ir- 


As a result, smaller, lightweight containers can be eee 
used, permitting ambulation for patients dependent Prompt improvement in respiratory exchange by 
upon a continuous oxygen supply. eliminating the effect of dead space has been well 
established as demonstrated when tracheotomy is 
RATIONALE performec to relieve respiratory distress. Trache- 
Oxygen administered by nasal cannula or faee ostomy is not acceptable to COPD patients, how- 
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Radiopaque catheter extending from outside neck into trachea. A) Diazram; B) PA and C) lateral cervical roentgenograms. 


ever, due to loss of voice and complicatec care of 
the operative site. 


To overcome the disadvantages of the usual tra- 
cheostomy, while retaining the benefits of ntratra- 
cheal oxygen delivery, the possibility of inserting a 
permanent small plastic tube transtracheally was 
considered. Transtracheal insertion of plastic tubes. 
such as those used for intravenous therapy, sacom- 
mon practice. The tubes are left in place several 
days for introduction of saline to induce cough and 
to thin secretions in postoperative and comatose pa- 
tients.’ Pratter and Irwin? report transtracheal 
aspiration to be highly successful with min-mal risk 
when routinely performed for aspiration biopsies. It 
was felt that transtracheal catheters woulc be well 
tolerated on a permanent basis when constructed of 
inert plastics since standard large tracheostomy 
tubes have been left in place for many years without 
adverse effect. 


LABORATORY STUDIES 


Four beagle dogs were anesthetized and intubated with a No. 
36 endotracheal tube. Baseline PaO, was taken. Pure (100% ) ox- 
ygen was delivered through either a No. 8 or a No. 16 catheter in- 
serted into the endotracheal tube and studies perfo:med with 
flows from 1 to 5 LPM. Blood samples were taken ev ery 15 min- 
utes. The catheters were placed in the following positicns: just in- 
side the endotracheal tube, halfway down the tube. at the inside 
tip of the tube, 5 cm past the tip of the tube and in the left lung 
main bronchus. Blood gases were also analyzed with the catheters 
in these same positions as they were withdrawn. 


Results. Tests with compressed air rather than ox ‘gen dem- 
onstrated no change in PaO, regardless of the catheter level. Us- 
ing 100% oxygen at a constant flow, there was a marked increase 
in PaO, the deeper the catheter location. The arterial oxygen 
pressure dropped slightly, however, as the catheter was passed in- 
to the left main bronchus, then increased when it was pulled back 
to 5 cm below the tip of the tube, just above the carma. It was 
determined that PaO, in normal dogs could be maintained with 
four times less oxygen when it was delivered direct into the 


distal trachea, rather than at higher levels of the endotracheal 
tube. 


Subsequently, a No. 8 Teflon catheter was inserted through the 
trachea of one dog and a No. 16 in another: the external end of 
each tube was implanted under the skin for long-term observa- 
tion. An initial increase in cough rate decreased after a few days; 
temperature and white blood cell counts remained within the 
normal range. Intratracheal visualization of the catheter was per- 
formed through a fiberoptic bronchoscope after five and seven 
montas. The tracheal mucosa appeared normal without irritation 
or infection. The tubes were tolerated up to one year with no evi- 
dence of infection or adverse reaction. 


CLINICAL EXPERIENCE 


Case Selection. Criteria for patient selection were 
based on indications for long-term oxygen therapy 
included in the Standards of the American Thoracic 
society.” Eleven men and three women, aged 40 to 
77 years (mean age, 61.7 years), underwent inser- 
tion of the transtracheal ambulatory oxygen system 
and were followed from 2 to 22 months. All 14 pa- 
tients had a history of chronic pulmonary disease 
and respiratory disability, one with restrictive pul- 
monary function, one with obstructive pulmonary 
function and 12 with both. Nine had emphysema 
and five had coal pneumoconiosis (black lung 
disease). Seven patients had one or more myocar- 
dial infarctions and seven had cor pulmonale. 


All patients were unable to ambulate without 
supplemental oxygen despite use of medications. 
but were able to ambulate with a minimum of 1 
LPM oxygen via nasal cannula. They were unable 
to work or pursue hobbies and had severe restriction 
in daily activities. All had a history of respiratory 
disability longer than eight years, had been on 
home oxygen therapy for 1"), to 2", years and showed 
an increasing dependency on oxygen. Three pa- 
tients were considered “last resort” cases, one of 
them terminal. 


TRANSTRACHEAL AMBULATORY OXYGEN SYSTEM 645 
CLINICAL AND LABORATORY DATÆ (N= 14) 


Pretranstracheal Data 
Arterial Blood Gasest 





Case 
No. PCO, sat. ( % PCO, 
l 61/M 35 56 89 40 
51/M 45 66 93 47 
3 65/M 40 64 93 80 
4 68/M 39 83 96 40 
5 64/M 36 58 92 33 
6 67/M 44 34 67 41§ 
7 43/F 58 37 69 63§ 
8 74/M 36 43 85 40 
9 61/M 46 48 87 39 
10 69/M 64 32 60 51 
ll 55/M 44 55 89 44 
12 69/F 59 3l 56 75§ 
13 40/F 35 63 94 38§ 
14 77/M 48 53 87 49§ 


Posttranstrachecl Date 
Arterial Blood Gases 
(0.5 LPM 


PO, Sat. 


Course 





74 9E Working part-time; full independence 
84 94 Full activity 

49 87 Limited outdoor activity 

99 gt Died 8/27/81; CVA & CHF 

86 97 Full independence 

78 9E Died 1/12/82; CVA 

60 87 Outdoor activity 3-4 times weekly 
64 Ge Outdoor activity 3-4 times weekly 
69 9E Died 3/2/82; CVA 

7 ge Died 2/12/82; CHF & ASHD 

60 9 Outdoor activity 5-6 times weekly 
44 Te Full home activity 

104 97 Employed as account executive 
65 9 Full independence 


LPM - Liters per minute; PCO, - Carbon dioxide pressure; PO, - Oxygen pressure; Sat. - Sataraticn; M - Male; F - Female: CVA - Cerebrovascular acci- 


dent; CHF - Congestive heart failure; ASHD -Arteriosclerotic heart disease. 


*Complete data available from author. 
t Room air. 
§1 LPM. 


Preplacement tests included arterial blood gases 
on room air, 0.5, 1 and 2 LPM oxygen per nasal 
cannula and, in some, 28% oxygen per Venturi 
mask; pulmonary function tests; exercise tolerance 
and treadmill tests (when possible); chest x-ray 
studies; ECG; alpha,-antitrypsin level; urinalysis: 
complete blood cell count; electrolyte studies: and 
clotting time. 


Procedure. The procedure was performed under 
local anesthesia in the intensive care unit. Through 
a specially designed needle that was subsequently 
extracted, a modified No. 16 Teflon catheter (Erie 
Medical, Milwaukee) was inserted between the see- 
ond and third tracheal rings, then sutured to the 
skin, and secured around the neck with umbilical 
tape. Tubing connected the catheter to a 2.7-kg ox- 
ygen tank fitted with a valve and meter that could 
be accurately regulated by the patient in increments 
of 0.25 LPM. 


Oxygen was delivered through the transtracheal 
catheter at a flow of 0.25 to 1.5 LPM based on 
PaO,, clinical response and amount of exercise. 
Three patients showed mild local subcutaneous em- 
physema which disappeared in a few hours. In such 
instances, nasal cannulas were used for the first 24 
hours. Initially, cannulas also were used at night 
and when patients were not being observed to avoid 
inadvertent displacement of the transtracheal cath- 
eter. 


Ambulation was begun on the day of the proced- 
ure. The length of hospital stay was evaluated indi- 
vidually and ranged from 1 to 2 weeks. 


Results. The Table lists pertinent clinical and 
laboratory data for the patients who underwent 
transtracheal ambulatory oxygen insertion. Thir- 
teen patients were ambulatory the day of the pro- 


cedure amd were improved. The terminal patient 


had |_mited ambulation. 


There was an average 57% reduction in oxygen 
requirement, while maintaining therapeutic arter- 
ial blood gases, using transtracheal oxygen as com- 
pared wita nasal cannulas. Before placement of the 
catheter average PaO, was 52 mm Hg with average 
O, saturation of 83%. With 2 LPM per nasal can- 
nula of oxygen, average PaO, was 77 mm Hg with 
average C, saturation of 94%. The average PaO, 
with 0.5 LPM per transtracheal catheter was 73 
mm Hg wth average O, saturation of 94%. An av- 
erage PaC, of 82 mm Hg resulted from 1 LPM per 
trans:racheal catheter with average O, saturation of 
92% (The average arterial blood gas studies do not 
include case No. 10, in which the patient was term- 
inallr ill and required 1.5 LPM oxygen for thera- 
peutic response. ) 


Complications included mild site irritation and 
occasional initial purulent drainage. Catheters 
were easil removed and reinserted by patients after 
2 to 3 months when a tract had developed. 


No deaths were related to the procedure. One pa- 
tient died of a cerebrovascular accident 8 months 
following catheter insertion. Of the three patients 
considered last-resort cases, one died two months 
and two cied 4 months postplacement due to cere- 
brovascular accidents or preexisting arteriosclerotic 
heart disease and congestive heart failure. 


CASE REPORTS 


Case 1. A 61-year-old man with emphysema suffered a 
crushing chest injury in 1973. He experienced increased shortness 
of breath, vith marked dyspnea on exertion becoming increas- 
ingly severe in the year prior to placement. Hospitalization was 
required nir= times for acute exacerbation, totaling 19 weeks in 
the year prior to conversion to transtracheal catheter. In 1979, 
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continuous oxygen therapy was begun at home at 2 LPM per 
nasal cannula. Chronic bronchitis resulted in expectoration of 
large amounts of mucus. Sleep was brief and intermittent and he 
complained of weakness and fatigue. Occasional rectal bleeding 
occurred, and steroid dependency was diagnosed in March 1980. 


Blood gas studies yielded the following results: pH, 7.46; 
PCO,, 35 mm Hg; PaO,, 56 mm Hg with average O; saturation 
of 89% . Pulmonary function tests showed severe obstructive air- 
way disease with slight but significant improvement with 
bronchodilators. The ratio of residual volume (RV) to total lung 
capacity (TLC) was 77% . Chest x-ray films indicated hyperaera- 
tion of the lungs. Electrocardiogram changes were consistent with 
COPD. 

A transtracheal catheter was inserted in July 1980. Arterial 
blood gases with 0.5 LPM oxygen per transtracheal catheter were 
pH, 7.45; PCO,, 40 mm Hg; PaO,, 74 mm Hg with average O, 
saturation of 95% . The patient was discharged from the hospital 
on 0.5 to 1 LPM oxygen via transtracheal catheter. His symptoms 
subsided and medications were decreased by 70%. He resumed 
work four months after insertion of the catheter. 

Case 2. A 5]-year-old man was diagnosed in 1970 as having 
COPD which gradually worsened until he was forced to retire 
from his occupation as a paper mill worker. Followinz hospitali- 
zation in 1979, home oxygen therapy was prescribed. He was 
hospitalized again in 1980 for 19 days. The patient had extreme 
dyspnea when walking 3 to 30 m. Oxygen by nasal cannula was 
prescribed for 1 to 2 hours at 2 to 2.5 LPM in the evening but was 
often skipped to avoid discomfort and a feeling of dependence. 

Results of blood gas studies were pH, 7.40; PCO,, 45 mm Hg; 
PaO,, 66 mm Hg and average O, saturation of 93% . Results with 
nasal oxygen at 2 LPM were pH, 7.39; PCO,, 47 mm Hg; PaO), 
102 mm Hg and average O, saturation of 98%. Pulmonary func- 
tion tests indicated severe COPD with decreased diffusing capaci- 
ty. The ratio of RV to TLC was 77% with no change after bron- 
chodilators. Chest x-ray films revealed bilateral bullous emphy- 
sema. 

A transtracheal catheter was inserted in June 1981 without in- 
cident. Blood gases on 0.5 LPM oxygen via transtracheal catheter 
were pH, 7.41; PCO,, 47 mm Hg; PaO,, 84 mm Hg and average 
O, saturation of 96%. The patient ambulated within 48 hours 
and has been maintained on 0.5 LPM oxygen flow since discharge 
from the hospital. Four months after insertion of the eatheter he 
walked several hours a day. 


DISCUSSION 


Home oxygen therapy is essential in treating ad- 
vanced COPD. It provides immediate functional 
competence and mobility, preventing the otherwise 
rapid physical deterioration. Such treatment has 
become increasingly practical in recent years and is 
considerably less expensive than hospitalization. 
Petty* states that COPD patients given controlled 
oxygen “were markedly improved in terms of func- 
tional capability and facility in coping with ad- 
vanced disease while living at home,” a finding 
which confirmed earlier studies by Levine et al.° 


Continuous oxygen therapy has proven to be 
more beneficial than 12-hour nocturnal oxygen 
therapy for patients suffering from severe respira- 
tory impairment. In a recent study, overall mortali- 
ty in the nocturnal oxygen therapy group was near- 
ly twice that of the continuous oxygen therapy 
group.° 


With transtracheal administration, oxygen-en- 
riched air enters the lungs directly. Subjectively, 


patients experienced an immediate sensation of be- 
ing able to breathe more easily. Delivering oxygen- 
enriched air directly into the lungs relieved patients 
of the constant respiratory effort required to draw 
oxygen from the nasopharynx into the trachea when 
traditional masks or nasal cannulas were used. Fur- 
thermore, oxygen delivery was not impaired by 
sinusitis, mouth breathing, displacement of the can- 
nula or loss of oxygen into the room. Nutrition im- 
proved because the oxygen supply was not inter- 
rupted while eating. 

Early evidence indicates an increased mental 
alertness as hypoxemia is relieved. The patient’s 
general physical status benefits from ambulation 
and continuous relief of hypoxemia, and the quality 
of life is significantly enhanced. When wearing a 
shirt and tie or dress with a collar, neither the 
catheter nor connective tubing, which runs under 
the clothes, is visible. 

Most patients formerly had been housebound and 
required a wheelchair for mobility. They have re- 
turned to normal functioning including fishing, 
hunting, vacationing, shopping, driving and fam- 
ily-related activities. All patients carry the 2.7-kg 
tank with ease. 


With transtracheal oxygen, patients require three 
to four times less oxygen than with nasal or oro- 
pharyngeal methods. Portable 2.7-kg tanks main- 
tain patients 6 to 10 hours. When intermittent flows 
of 0.25 to 0.5 LPM are used during the day and a 
large tank or concentrator at night, the 2.7-kg tank 
lasts up to 20 hours. 


Analysis of oxygen consumption and related costs 
before and after placement of the transtracheal 
catheter shows a substantial decrease in the amount 
of oxygen used. One patient’s oxygen consumption 
had averaged 164 kg costing $408.74 per month for 
the five months prior to placement of the catheter. 
During the first five months with the transtracheal 
ambulatory oxygen system, the patient used an av- 
erage of 61 kg oxygen per month costing $145.92, a 
64% reduction. 

The same patient was hospitalized 19 weeks for 
severe respiratory failure at a cost of approximately 
$33,250 in the year preceding placement of the 
transtracheal oxygen system. In the first 1'/, years 
after placement, the patient was not hospitalized 
for the pulmonary condition. 


The need for medications such as bronchodilators 
has diminished. Lanoxin, digoxin, furosemide 
(Lasix), and prednisone dosages prescribed for the 
effects of deterioration caused by hypoxemia have 
gradually decreased for some patients. One re- 
ported that for the months immediately following 
insertion, his medication costs dropped from a pre- 
vious monthly average of $50 to $25. 


As of August 1982, 23 additional patients under- 
went transtracheal ambulatory oxygen insertion 
and results are promising. 
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The Second International Symposium on Audiological Medicine will be held April 10-13, 1983, in Verona, under the auspices of the 
International Association of Physicians in Audiology. For further information #ontac* Dr. V. Colletti, Clinica ORL dell’Universita di Pa- 
dova sede di Verona, Policlinico Borgo Roma, 37134 Verona, Italy. 
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The Association for Research in Otolaryngology will hold its annual m=iwinter research meeting on January 24-26, 1983, in St. 
Petersburg Beach, Florida. To register, contact Donald W. Nielsen, PhD, Secretary-Treasurer, Association for Research in 
Otolaryngology, Otological Research Laboratories, 7036 E&R Building, Henry ord Hospital, Detroit, MI 48202. 
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TRACHEOBRONCHIAL OBSTRUCTION FROM 
METASTATIC DISTANT MALIGNANCIES 


STANLEY M. SHAPSHAY, MD 


BURLINGTON, MASSACHUSETTS 


M. STUART STRONG, MD 


BOSTON, MASSACHUSETTS 


Tracheal or endobronchial metastases from distant primary malignancies are rare. Hemoptysis, dyspnea and cough are common non- 
specific presenting symptoms. Renal, breast. thyroid and colon cancers are the most common malignancies associated with tracheobron- 
chial metastases. Since 1979, five patients with tracheobronchial metastases from distant sites have been treated by the otolaryngology ser- 


vice at the Boston University Medical Center. Patients with advance 
for palliation of airway obstruction. Satisfactory pallietion without s 
a CO, surgical laser through a rigid bronchoscope system. Four patie 


d tumors previously treated by conventional modalities were referred 
ignificant morbidity was achieved in four out of five patients utilizing 
nts died from advanced cancer, 1 to 18 months after laser surgery. Al- 


though tracheobronchial metastasis from extrathoracic malignancy is associated with a poor prognosis, palliation of airway obstruction can 


be achieved in most patients with endobronchial or tracheal tumor. 


Extrathoracic malignancies commonly metasta- 
size to the lung parenchyma, pleura and mediastin- 
al lymph nodes. The trachea and bronchi are. how- 
ever, rare sites of metastasis from distant cancers. ! 
A misdiagnosis of bronchogenic carcinoma is often 
made by the clinician because of a “low index of 
suspicion” for endobronchial metastasis. 


Since 1979, five patients with tracheal or endo- 
bronchial metastases have been treated br the oto- 
laryngology department at the Boston University 
Medical Center. These patients were referred spe- 
cifically for palliation of their tracheobronchial ob- 
struction utilizing a rigid CO, laser bronchoscope 
system. This unusual series of patients prompted a 
literature review of the incidence, treatment and 
prognosis of endobronchial or tracheal metastasis. 
The otolaryngologist should consider this diagnosis 
when dealing with tracheobronchial obstruction 
and be aware of therapeutic options. A cancer pa- 
tient with symptoms of persistent cough, hemop- 
tysis, wheezing and increasing dyspnea should alert 
the clinician to the possibility of metastases to the 
tracheobronchial tree. This paper will present our 
experience with this group of patients and review 
selected literature on this topic. 


METHODS AND MATERIALS 


Since 1979, five patients with severe tracheobronchial airway 
obstruction from endobronchial or tracheal metastases were re- 
ferred to our otolaryngology service. These patients hed previous- 
ly been treated both at the primary and metastatic site with con- 
ventional modalities for their tumors. Only one patient (Table, 
patient 4) was referred for both histological diagnosis and treat- 
ment; diagnosis of distant metastasis was otherwise previously es- 
tablished. Two patients had renal cell carcinoma and the others 
were thyroid, colon and uterus carcinoma. 


A 50-W CO, laser coupled to a rigid ventilating bronchoscope 
was used in all cases. This instrumentation has been previously 
described.?’* General anesthesia utilizing nonflammable anesthe- 


tics was delivered through the ventilating channel on the 
bronchoscope and also cleared the smoke from tumor vaporiza- 
tion. Standard bronchoscopic cup biopsy forceps was often used 
to remove carbonized tumor particles. Occasionally epinephrine- 
soaked sponges (1:1000) were applied to facilitate hemostasis. 


PATIENT SUMMARIES 


Patient 1. A 50-year-old man had a nephrectomy and partial 
hepatectomy for an extensive renal cell carcinoma in 1977. A 
solitary metastasis was removed from the left humerus a year 
later. Pulmonary metastases were removed by multiple lobar 
resections (both lungs) in 1979. A year after the lung metastases 
were removed, the patient noted increasing dyspnea and hemop- 
tysis A flexible bronchoscopy revealed endobronchial metastases 
obstructing the right bronchus intermedius and left posterior 
basal segment. Radiation therapy and subsequent endobronchial 
insertion of radioactive gold seeds failed to alleviate the obstruc- 
tive symptoms (Fig. 1). He was then referred for laser broncho- 
scopic removal of tumor (Figs. 2 and 3). Successful palliation of 
dyspnea and hemoptysis was achieved over an 18-month period 
(nine laser bronchoscopies) before his death. An autopsy was not 
done. 





Fig. 1. (Patient 1) Chest radiograph showing bilateral 
pulmonary metastases treated with radioactive gold seed 
implants and lobar resections. 


From the Department of Otolaryngology, University Hospital, Boston University School of Medicine. 
Presented at the meeting of the American Broncho-Esonhagological Association, Palm Beach. Florida, May 3-4, 1982. 
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Fig. 2. Ventilating laser bronchoscope system in use. Note 
protective covering over patient's eves to prevent inadver- 
tent laser deflection-injury. 


Patient 2, A 49-year-old man with renal cell carcinoma meta- 
static to the carina was referred with symptoms of severe airway 
distress. He had a nephrectomy in 1969 without recurrence at the 
primary site. Pulmonary and bone metastases were removed in 
1977. Radiotherapy was used to treat cerebral metastasis in 1979. 
A year later severe dyspnea and hemoptysis were noted. A 
fungating carinal metastasis partially obstructing both main 
bronchi (approximately 80%) was discovered. Successful pallia- 
tion was achieved with one laser bronchoscopy without morbidi- 
ty. The patient died without airway obstruction three weeks 
later. 


Patient 3. A 61-year-old woman had a colon resection in 1974 
for a colonic adenocarcinoma. Liver metastasis was discoveredain 
1979 and distal tracheal spread noted in 1980. Radiation therapy 
failed to control the tracheal metastases and she was referred tor 
palliative laser surgery. Bilateral main stem bronchial obstruction 
(90% ) was removed with the CO, laser bronchoscope. The pa- 
tient died from liver failure two months later. 


Patient 4. A 61-year-old woman with a history of adenocar- 
cinoma of the uterus was referred for diagnosis and treatment of a 
large carinal mass. Her uterine carcinoma was successfully 
treated with radiotherapy in 1975 with no evidence of recurrence 
over five years. Flexible bronchoscopy showed a friable tumor 
mass partially (approximately 50% ) obstructing both main bran- 
chi. A biopsy was taken and the rigid laser bronchoscope system 
used to remove the obstructing mass. There was histologic contir- 
mation of metastatic adenocarcinoma consistent with the uterus 
primary. She is presently free of tumor (six months follow-up) and 
asymptomatic after a course of radiotherapy. 


Fig. 3. (Patient 1) Endobronchial 
photographs of right bronchus inter- 
medius. A) Obstructing renal cell 
carcinoma metastasis: B) Immedi- 
ately after laser removal of tumor. 
Note lack of edema in bronchus and 
presence of carbonized particles (ar- 
row). 


Patient 5 A 46-year-old man with thyroid follicular adenocar- 
cinoma wa referred for alleviation of airway distress. A thy- 
roideetomy and left radical neck dissection were done in 1975 and 
mediastinal metastasis was treated with radiotherapy in 1978. 
Dista tracheal metastases were partially removed elsewhere with 
cup foreeps through a rigid bronchoscope on several occasions, 
moderate hemorrhage occurring with these procedures. Increas- 
ing drspnea was noted in 1980 due to bilateral main stem bronchi 
obstruction. Laser bronchoscopic removal of distal tumor ob- 
struetion (both lower lobes) could not be done. The patient died 
of respiratory insufficiency a month later. 


RESULTS 


Succesful palliation of airway obstruction was 
achieved in four out of five patients. The patient 
with endebronchial thyroid cancer (Table, patient 
5) had ex ensive proximal and distal endobronchial 
tumer which could not be entirely removed. Best 
palliation thus far was achieved in patient 1 (Table) 
with endobronchial renal cell carcinoma. He was 
able to werk and function well for 1'/, years, requir- 
ing nime aser bronchoscopies. Progression of pul- 
monary parenchymal metastases eventually led to 
his death. Pulmonary edema, the only complication 
in this semies, occurred immediately after laser sur- 
gery There were no hemorrhage, tracheobronchial 
perferaticn or burns in this series. 


DISCUSSION 


Pessible routes for endobronchial or tracheal 
metzestases from distant sites are 1) a parenchymal 
mass wita direct extension into the bronchus, 2) 
med:astinal lymph node metastasis with secondary 
bronchial extension and 3) direct metastasis to the 
trachea cr bronchus. The first two possibilities 
shou.d be evident because of associated roentgeno- 
grapnic changes. Direct endobronchial metastases 
was most probable in all but patient 5. 


The incidence of direct endobronchial metastases 
from distant sites was reported to be 2% in a large 
auteosy series of extrathoracic tumors.' Another 
auteosy ries reported an incidence of 18% but 
also included invasion of bronchi by direct exten- 
sion.’ If histologic evidence of bronchial in- 
volvemene was included, then a 25% incidence of 
endcbronzhial metastases was noted.° 





650 SHAPSHAY & STRONG 


DIAGNOSIS, TREATMENT AND FOLLOW-UP IN PATIENT SERIES 
E AEN L SERES O OO 
No. of 


Pt Endobronchial/Tracheal 


Diagnosis Site of Metastasis 





l 50 M Renal cell car- Right bronchus interme- 
cinoma dius, left postbasal 
segment 
2 49 M Renal cell carci- Carina — bcth main 
noma stem bronchi 
3 6l F Colon adenocar- Carina — bcth main 
cinoma stem bronchi 
4 6l F Uterus adenocar- Carina — bcth main 
cinoma stem bronchi 
5 46 M Thyroid follicular Carina — beth main 
adenocarcinoma stem & distal lower 
lobe bronchi 
* Died. 


The most common extrathoracic tumors associ- 
ated with endobronchial or tracheal metastases 
were carcinomas of the kidney, breast, colon and 
thyroid in order of decreasing incidence.'*° Gerle 
and Felson presented and reviewed 17 cases of 
metastatic endobronchial renal carcinoma and con- 
cluded that endobronchial metastasis wes a ter- 
minal event in most patients. Seldom did their pa- 
tients survive more than 1 year from the time of di- 
agnosis. Malignant melanoma and lymphoma have 
also been reported to metastasize to the tracheo- 
bronchial airway.'°? 


Treatment of endobronchial or tracheal metasta- 
ses is usually for palliation of airway obstruction 
and occasionally for control of hemoptysis. Bron- 
choscopic electrocoagulation and forceps removal 
of tumor particles may restore airway patency but 
carry the risk of hemorrhage and scarring (par- 
ticularly with repeated coagulations). Endoscopic 
cryosurgery has been utilized but the depth of tissue 
destruction is not easily predictable." 


We have had 8 years’ experience with a r gid CO, 
laser bronchoscope system in over 400 cases. Pre- 
vious reports have documented the safety. indica- 
tions and contraindictions for this technique.??:'*:"8 
Good hemostasis due to laser heat coagulation of 
small blood vessels and excellent wound healing 
have been noted. Disadvantages have been the limi- 
tations associated with a rigid system and relatively 
poor optics when compared to a flexible fiberoptic 










Survival 
Laser After Laser 
Previous Treatment Operations Surge 






18 mo* 


Nephrectomy 1977 9 
Resection of humerus, 
metastasis 1978 
Bilateral pulmonary metastases, 
surgery 1979 
Endobronchial metastases, radio- 
therapy and implant with radio- 
active gold seeds 1979 


Nephrectomy 1969 ] 3 wk* 


Right lower lobectomy 1977 

Bone metastases, 
radiotherapy 1977 

Brain metastases, radio- 
therapy 1979 


Colon resection 1974 ] 2 mo 
Liver metastases, chemotherapy 

1976 
Tracheal metastases, radiotherapy 

1979 


Uterus carcinoma, radiotherapy ] Alive — 6 mo 
1975 follow-up 


Thyroidectomy 1975 l l mo* 
Neck and mediastinum 
metastases, radiotherapy 


system. Newer systems such as a ND-YAG laser and 
phototherapy with laser — hematoporphyrin devia- 
tive may prove to be useful. '6-'8 


Palliation of tracheobronchial obstruction in this 
small series of patients was generally short-term; 
three patients died one month or less after laser 
surgery. Only one patient, however, died of airway 
distress (Table, patient 5). There were two long- 
term survivors, 1 which required nine laser bron- 
choscopic tumor removals over an 18-month pe- 
riod. The other long-term survivor (uterine car- 
cinoma) is still alive without recurrence six months 
after radiation therapy. Since airway obstruction 
and ultimate suffocation is a particularly dreaded 
event, palliation of this symptom certainly seems 
worthwhile if the patient can tolerate general anes- 
thesia. 


CONCLUSION 


l. Metastasis to the tracheobronchial tree from 
extrapulmonary sites are uncommon but should be 
considered when symptoms of airway obstruction, 
cough and hemoptysis occur in a cancer patient. 

2. Carcinomas of the kidney, breast. thyroid and 
colon appear to be the most common malignancies 
associated with tracheobronchial metastases. 

3. Palliation of airway obstruction without signi- 
ficant morbidity can be achieved utilizing endo- 
scopic laser surgery. Laser surgery is usually hemo- 
statie, associated with minimal swelling and can be 
used repeatedly. 
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HEMATOPORPHYRIN-DERIVATIVE PHOTOTHERAPY FOR LOCAL 
TREATMENT OF CANCER OF THE TRACHEOBRONCHIAL TREE 


DENIS A. CORTESE, MD JAMES H. KINSEY, PHD 


ROCHESTER, MINNESOTA 


In this paper the potential use of hematoporphyrin-derivative (HpD) phototherapy in the local treatment of bronchogenic carcinoma 
is discussed. Ten patients with cancer involving the tracheobronchial tree have completed at least one course of HpD-mediated laser photo- 
therapy administered by means of the flexible fiberbronchoscope. Complete response was obtained in four cases, and in each case the 
tumor was small and superficial. Larger tumors with greater degrees of invasion showed only a partial response. Two patients with tumors 
eroding through the bronchial wall died following treatment. It appears that HpD phototherapy may be useful for control of only small, 
superficial squamous cell carcinomas of the tracheobronchial tree and only those within the range of the flexible fiberbronchoscope. 


Hematoporphyrin derivative (HpD) has been cause HpD is preferentially concentrated by cancer 
used for localizing cancer for at least 20 years. Dur- cells, and it produces a characteristic salmon-red 
ing the past seven years this chemical has also been fluorescence when irradiated with blue light at a 
useful in the phototherapy of cancer. A summary of wavelength of approximately 405 nm.*6-'° With the 
the current knowledge about HpD will help in un- use of appropriate optics and filters, one can see the 
derstanding its mechanism of action and the ration- fluorescence emanating from cancer tissue contain- 
ale for its use in the local treatment of certain types ing HpD. Until recently, however, HpD fluores- 
of human cancers. cence from early bronchogenic carcinoma could not 


be seen because of the technical limitations of the 
rigid and the standard flexible bronchoscopes. De- 
velopment of a photoelectric hematoporphyrin flu- 
orescence detector has allowed detection of hemato- 
porphyrin fluorescence during flexible broncho- 
scopy performed with white light illumination. 
This device has been used successfully as an aid in 
the localization of radiologically and endoscopically 
occult in situ and early invasive bronchogenic squa- 
mous cell carcinoma of the lung. -14 


Hematoporphyrin is an iron-free porp yrin. It 
can be prepared in vitro from protoporphyrin, a 
naturally occurring, iron-free porphyrin, or from 
the iron protoporphyrin complex hemin, which is a 
breakdown product of hemoglobin. Several years 
ago, crude hematoporphyrin was shown to localize 
in rat tumors, transplanted mouse tumors. severa] 
types of sarcomas, carcinomas. lymph node tissue. 
traumatized tissue, and embryonic tissue.*? Subse- 
quently, a specialized, prepared derivative of crude 


hematoporphyrin, which is now the substance called In animals and humans, photochemically signifi- 
HpD, was shown to have better tumor-localizing cant quantities of HpD remain in the skin for sever- 
ability than the crude hematoporphyrin.?* The al weeks after intravenous administration. HpD 
original technique for the preparation of HpD is photosensitizes the skin to a point that after even 
still followed today. This involves dissolving crude mild exposure to direct and indirect sunlight, a se- 
hematoporphyrin in a mixture of glacial acetic acid vere sunburnlike reaction can occur.**6-° The skin 
and concentrated sulfuric acid in a ratio of 19:1. photosensitivity reaction suggested a possible role 
followed by subsequent steps of filtration. precipi- for HpD in the treatment of cancer. 

tation, washing, and lyophilization. The resultant Pursuing this observation. many investigators 
dried powder is then dissolved in normal saline solu- have successfully shown in cel] culture and in ani- 
tion, and a final adjustment to physiologic pH is mal experiments that the photodynamic effect of 
made with sodium hydroxide. The product HpD is the combination of HpD and light irradiation is 
not a pure compound but is known to be a complex capable of destroying cancer cells, '5-26 


mixture of vinyl porphyrins, hematoporphyrin 
monoacetate, hematoporphyrin diacetate. proto- 
porphyrin, deuteroporphyrin, and several addition- 
al porphyrin compounds.’ 


Phototherapy with HpD in the case of a human 
carcinoma was first reported in a patient with blad- 
der cancer. Subsequently, work by Dougherty and 
associates*®*' has shown the potential of this tech- 

HpD has been successfully used as an aid in the nique for treatment of a variety of solid malignant 
localization of human cancer. This is possible be- tumors of the skin and subcutaneous tissues. 


From the Division of Thoracic Diseases and Internal Medicine and Department of Physiology and Biophysics, Mayo Clinic and Mavo Foundation. 
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The literature indicates that after an intravenous 
injection, HpD is concentrated in the cytoplasm of 
normal and cancer cells within three hours. How- 
ever, after 24 hours, HpD begins to wash out of nor- 
mal cells, while being retained in the cytoplasm of 
cancer and reticuloendothelial cells.7”’* Why HpD 
is retained in cells is unknown; however, there are 
indications that HpD binds to cell membranes 
(Moses HL, personal communication).”’** Moreov- 
er, photochemical reactions mediated by porphy- 
rins have an effect on cell membrane properties, 
and it is likely that damage to this membrane plays 
an important role in the cytotoxicity produced by 
HpD phototherapy.*””” 


The cellular mechanism responsible for the cyto- 
toxic effect after HpD phototherapy is thought to 
involve the production of singlet oxygen and toxic 
oxygen radicals. The major cytotoxic agent respon- 
sible for ultimate cell destruction appears to be 
singlet oxygen, an excited molecular species that is 
formed by the transfer of energy from the excited 
sensitizer, the hematoporphyrin.'!°77?°* In addi- 
tion, superoxide and hydroxy! radicals are gener- 
ated after HpD phototherapy.” >$ Production of 
singlet oxygen and the free oxygen radicals leads to 
disruption of the cell membrane by lipid oxidation 
and protein sulfhydryl oxidation. The radicals ap- 
parently can also produce single-strand breaks in 
DNA that are structurally similar to DNA breaks 
seen after ionizing radiation.” Singlet oxygen has 
been demonstrated to form lipid peroxides in the 
lysosome membrane, and this results in the break- 
down of the lysosome.” 


With the foregoing information as background, 
we report now the use of a bronchoscopic laser 
system to assess HpD phototherapy in patients with 
lung cancer. Early results are presented for ten pa- 
tients who completed one course of HpD photother- 
apy administered by means of the flexible fiber- 
bronchoscope. 


METHODS 


All patients had biopsy-proved malignancy involving the tra- 
cheobronchial tree. All had had previous pulmonary resections or 
were considered to have inoperable conditions for medical or 
technical reasons. Furthermore, they were considered ineligible 
for. or had failed to respond to, conventional radiation therapy 
and chemotherapy. Before HpD phototherapy was administered, 
each patient's condition was evaluated by a team of physicians, 
including a pulmonologist, a thoracic surgeon, and an oncologist. 
Each patient was repeatedly warned to avoid exposure to intense 
sunlight up to four weeks after intravenous administration of 
HpD, and informed consent was obtained. HpD was prepared by 
a modification of the method of Lipson et al.’ 


A continuous-wave argon ion laser with a maximum power 
output of 20 W was used to pump a dye laser. Rhodamine B dye 
was circulated in the dye laser to produce an output wavelength 
of 630 nm. Adjustments were made so that the dye laser beam 
was focused directly into an optical fiber. The proximal end of 
this fiber was coupled to the dye laser by a specially designed posi- 
tioning device. Almost all of the dye laser output could be trans- 
mitted through the fiber because the optical losses were minimal. 
The optical guide was a medical-grade quartz optical fiber, 5 m 


in length with a core diameter of 400 um (Quartz et Silice, Paris). 
The exit beam divergence was approximately 20°. 


The fiber vas passed through the open channel of a flexible fi- 
berbronchoscepe so that the distal end protruded from the tip of 
the bronchoscpe. The distal end of the fiber was positioned 1 to 
1.5 cm from the surface of the tumor when the light was directed 
onto its external surface during treatment. In this case the beam 
diameter was-approximately 10 mm with a central intense spot of 
4 to 5 mm. To increase the diameter of the intense spot, we 
rounded the distal tip of the fiber by heating it in a flame. In 
essence, a smell microlens was produced, and light could be more 
evenly distributed over a diameter of 10 to 12 mm when the fiber 
was held 1 to 1.5 em from the surface of the tumor. In some pa- 
tients the distal tip of the fiber was inserted directly into the body 
of the tumor for intralesional therapy. The output from the op: 
tical fiber wes measured in a calibrated, flat-response, continu- 
ous-wave power meter. 


Procedure. The protocol for treatment of our patients followed 
the procedures reported by Dougherty et al.?™?' All patients re- 
ceived between 2.5 and 5 mg of HpD per kilogram of body 
weight, intravenously, from three to five days before light irradia- 
tion. Genera’ anesthesia was used for most of the procedures. 
Topical anesthesia was used at the request of a few patients. 


The small, superficial mucosal tumors were treated with light 
irradiation directed onto the external surface of the tumors. Even 
though the superficial tumors were no more than 3 cm? in surface 
area, the diameter of the spot of light irradiation was often too 
small to cove the entire tumor when the probe was held in one 
position. However, all the tumors seemed to be adequately cov- 
ered by admenistration of irradiation in two overlapping loca- 
tions. The lager cancers were treated by inserting the probe into 
the mass of tae tumor. 


Photograpls were taken before treatment and at each subse- 
quent bronchoscopy. Biopsies and brushings were performed 
either severa days before the administration of HpD or im- 
mediately afer the laser irradiation in order to prevent in- 
terference wih the absorption of the light by traumatic bleeding. 
Doses of light ranged from 180 to 480 J for each treatment session. 
The spot size ranged from 5 to 10 mm when irradiation was di- 
rected onto the external surface of the cancer. 


Follow-up and Interpretation of Results. All patients 
understood the need for close follow-up, which included multiple 
bronchoscop=s. The first six patients underwent bronchoscopy at 
least once, and in most cases twice, within the first seven days of 
treatment. Æ characteristic exudative reaction develops within 
several days of treatment. It takes at least four weeks for the in- 
itial edema and the exudative reaction to subside before it is possi- 
ble to obtain adequate revisualization, photographic documenta- 
tion, and bicosy proof of the therapeutic result. Accordingly, the 
last four patents had bronchoscopy repeated between four and 
eight weeks -fter phototherapy. Photographs were taken at each 
bronchoscop* to determine tumor response and size. Broncho- 
scopic brushmgs and biopsy specimens were obtained on each ex- 
amination tc determine the histologic changes. 


Results were analyzed according to the following definitions: com- 
plete response — no tumor demonstrable in biopsy and brushing 
specimens; partial response — a greater than 50% reduction in 
tumor size bat cancer still present in biopsy or brushing specimen; 
regression — a less than 50% reduction in tumor size and cancer 
still present n biopsy or brushing specimen; stable — no change 
in tumor size and cancer still present in biopsy or brushing 
specimen; and progression — visible enlargement of the tumor. 


RESULTS 


All ten patients completed one course of therapy 
and follow-up. The longest follow-up interval was 
14 months. The results reflect the outcome of a 
single course of HpD phototherapy. There were a 
total of Il cancers; 10 were squamous cell car- 
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cinomas and | was a tracheal cylindroma. 


Complete response was obtained in four cancers 
and a partial response was obtained in five cancers, 
Two patients, each with a single cancer, died. 


The cancers for which complete response was ob- 
tained were all small, superficial squamous cell car- 
cinomas. Two of the four cancers were occult but 
were localized by the technique of HpD-fluores- 
cence bronchoscopy. The third cancer was also oc- 
cult but was localized by random brushings at rou- 
tine bronchoscopy. The fourth cancer was endo- 
scopically visible and showed subtle mucosal 
changes. Although the extent of the invasion of 
these four cancers cannot be proved without histo- 
logic section of resected tissue, our experience with 
small superficial cancers of this sort would indicate 
that these were most likely in situ with microin- 
vasion to a depth of less than 5 mm. 


The cancers in which a partial response was dem- 
onstrated included a tracheal cylindroma and four 
endoscopically visible squamous cell carcinomas. 
All the cancers were exophytic to some extent, pro- 
truding into and narrowing the normal lumen of 
the trachea or the bronchus. The smallest cancer in 
this group involved the lateral wall of the trachea in 
such a position that only tangential light irradiation 
was possible. Patients in this group will soon com- 
plete a second course of HpD phototherapy and fol- 
low-up. 


None of the squamous cell carcinomas reported 
above were visible on chest radiographs and com- 
puted tomographic scans. In the case of the tracheal 
cylindroma, extratracheal involvement of the me- 
diastinum was demonstrated on computed tomog- 
raphy of the chest. The eight patients in the two 
groups are still alive as of this writing. 


The remaining two patients died within two 
weeks of HpD phototherapy. Both patients had 
squamous cell carcinomas involving a main stem 
bronchus. In each case the tumor measured at least 
4 cm and was visible on a radiograph. Bronchoscop- 
ically, the tumors were seen to be eroding through 
the bronchial wall. The major portion of each tu- 
mor was extrabronchial. Both patients had experi- 
enced significant hemoptysis before HpD photo- 
therapy. Each received 5 mg/kg of HpD intrave- 
nously. The light dose was 630 J in the first case and 
480 J in the second case. Death was caused by 
bleeding, aspiration, and subsequent cardiac arrest 
six days after treatment in the first case and 11 days 
after treatment in the second case. Postmortem ex- 
amination was not performed in either patient. It is 
probable that the HpD phototherapy produced ex- 
tensive tumor necrosis in an already necrotic carci- 
noma, which resulted in further hemorrhage. 


Hyperthermia seems to be an important factor in 
this form of phototherapy if the dye laser power 
output is 300 mW or greater. This is particularly 


true with intralesional therapy. Smoke emanating 
from the site of the fiber insertion was seen with 
treatment at the higher power levels. Bronchoscopy 
within a few days of treatment demonstrated a 
black central eschar where the probe had been in- 
serted. 


Edema and necrosis developed after treatment in 
four patients. In one patient, rehospitalization was 
required for shortness of breath and wheezing local- 
ized to the area of treatment. The patient re- 
sponded to therapy with bronchodilators and corti- 
costeroids and was able to leave the hospital in three 
days. Three other patients specifically complained 
of a cough lasting from three days to two weeks. 
They each noted that the cough promptly disap- 
peared after the expectoration of a gray plug of tis- 
sue. Histologic examination of one of the tissue 
plugs revealed squamous cell carcinoma. 


Three patients had mild first-degree sunburnlike 
reactions that responded promptly to antihistamine 
therapy. 


DISCUSSION 


Phototherapy with HpD is new, experimental, 
and unproved in the local treatment of lung cancer. 
It has the potential for becoming a successful 
modality in the treatment of in situ and early in- 
vasive bronchogenic carcinoma. With the combina- 
tion of HpD-fluorescence bronchoscopy and HpD 
phototherapy, it is now possible to localize early oc- 
cult bronchogenic carcinoma and to proceed with 
local bronchoscopic treatment. Local treatment is 
particularly appealing in patients with lung cancer 
because they are at high risk for surgical resection 
and for the development of a subsequent primary 
lung cancer. 


It is not clear whether HpD phototherapy will 
prove successful in curing or even in controlling 
solid tumors of the tracheobronchial tree. HpD 
phototherapy for palliation of large endobronchial 
and extrabronchial cancers seems of limited use 
because of the potential for producing a broncho- 
pleural fistula or hemorrhage from the necrotic 
tumor. Furthermore, the edema produced during 
the treatment could result in temporary worsening 
of bronchial obstruction. HpD therapy is therefore 
not suited for urgent treatment of an obstructed 
major airway. 


Current requirements for HpD phototherapy in- 
clude that the lesion be within the range of the flexi- 
ble fiberbronchoscope, that the lesion be less than 2 
to 3 cm, and that there be no evidence of erosion 
through the bronchial or tracheal wall. Definite in- 
dications for treatment include l) a recurrent car- 
cinoma in a patient in whom chemotherapy or radi- 
ation therapy (or both) failed and 2) a second pri- 
mary in a patient who is ineligible for additional 
chemotherapy or radiation therapy. Possible in- 
dications for this therapy include 1) a second 
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primary in a patient who is not a surgical candidate 
and 2) simultaneous primaries not resectable or 
treatable with radiation therapy. The decision to 


treat an individual patient should be made in con- 
cert with a pulmonologist, an oncologist, and a 
thoracic sirgeon. 
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Accidental caustic ingestion in the pediatric age group continues to be a controversial and difficult problem. This retrospective study 


“gives 


were evaluated for possible caustic burn of the esophagus. Of the 
and who were treated with steroids. antibiotics and dilatation. nor 


veloped strictures. 


INTRODUCTION 


Accidental caustic ingestion in the pediatric age 
group remains a major challenge to the practicing 
otolaryngologist. Estimates show that over 5.000 
accidental caustic ingestions occur in the United 
States yearly in the 5-and-under age group.' The 
late 1960s saw a sharp increase in the number of 
burns with the introduction of strong alkaline 
drainpipe cleaners. When Liquid-plumr first came 
on the market, it consisted of a 30% sodium hydrox- 
ide solution, which is very caustic. The potentiation 
for ingestion of caustic material, coupled with the 
inherent difficulty of surgically dealing with the 
esophagus, makes the possible adverse consequences 
of caustic ingestion quite protean. This study re- 
views the experience of the Columbus Children’s 
Hospital with accidental caustic ingestion and 
assesses the efficacy of our present treatment proto- 
col. A review is presented of the pathophysiology of 
caustic burns of the esophagus, which is important 
to the development of a rational treatment regime. 


A distinction should be made between alkali and 
acid ingestion. Because acid causes a coagulation- 
type necrosis, it does not penetrate the esophageal 
lining deeply; hence, gastric ulceration, perforation 
or pyloric stenosis are the more likely consequences. 
In contrast, alkalis cause a liquefaction-type 
necrosis that allows penetration to the deep mus- 
cular layers of the esophagus, occasionally resulting 
in perforations. The esophageal changes caused by 
alkaline burns are divided into three phases. The 
first is the acute necrotic phase in which cell death 
occurs due to coagulation of intracellular protein. 
An intense inflammatory reaction develops in the 
viable tissues surrounding the overlying area of 
necrosis and vessel thrombosis occurs. The phase 
ends with the sloughing of the superficial necrotic 
layer two to four days after injury. 


MATERIAL AND METHODS 


This study represents the retrospective review of 402 con- 
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clinical support to treating this problem with early esophagoscopy, steroids, antibiotics and dilatation. Four hundred two patients 
70 patients who had esophageal burns demonstrated at esophagoscopy 
1e developed strictures. The two patients not treated in this fashion de- 


secutive cases. It includes actual as well as possible accidental 
caustic ingestion in a pediatric group seen during the period from 
Jan 1, 1970, to Dec 31, 1979. There were no suicidal attempts in 
this series. The study also excludes transfers from other hospitals if 
the patient was not started on steroids and antibiotics less than 48 
hours after ingestion. 


All children who underwent esophagoscopy had a strong his- 
tory pointing to accidental caustic ingestion, ie, a responsible 
adult either witnessed the ingestion or discovered the child crying 
near an open container of a caustic agent. Thus, in the presence of 
strongly implicating circumstantial evidence, a child was a can- 
didate for esophagoscopy, even though caustic burns in or about 
the oral cavity were not obvious. 


The 402 patients were managed by a treatment protocol in use 
since the early 1960s. First, an esophagoscopy under general 
anesthesia is performed 24-36 hours after ingestion. This is usually 
done on an outpatient basis. The esophagoscope is passed up to 
but net past the point of injury. Done in this manner, early 
esophagoscopy has proven to be a totally safe procedure. The 
gross mucosal changes seen in the early acute necrotic phase in- 
clude erythema, edema, ulceration and fibrinous exudate. If 
there are no changes the patient is discharged. If there are positive 
findings, steroids are administered, 2 mg/lb/day prednisone, and 
the patient remains hospitalized. When the esophagus is moder- 
ately er severely burned, steroids are administered for 2 weeks 
with tapering during the third and fourth week. Antibiotics, 
specifically ampicillin or amoxicillin, 50 mg/kg/day by mouth, 
are given simultaneously, as the major reported infections are 
usually due to gram-positive cocci. Steroids are empirically ad- 
ministered to patients whose esophagoscopy is scheduled later 
than 36 hours after ingestion. (Such delays are practiced to pre- 
vent the expense of mobilizing the operating room team in the 
middle of the night.) Dilatation is started on the second day and, 
to be effective, should be continued until a No. 34 Maloney 
dilator can be accommodated to prevent later foreign body com- 
plications. All patients are given a full diet by the third day as we 
feel that the food bolus itself acts as a dilator. A barium swallow 
X-ray examination is done on an outpatient basis 3-4 weeks after 
ingestion to rule out the possibility of early stricture formation. 


RESULTS 


At the time of endoscopy, 330 (82%) of the pa- 
tients had normal esophageal examinations: 72 
(18%) had positive findings. The Figure demon- 
strates that the 22- to 24-month age group appears 
to be the most commonly involved. These data are 
in agreement with the studies of others.?° At this 
age the toddler demonstrates an active curiosity for 
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Caustic ingestion in pediatric patients by age. 


the environment and is physically able to explore 
the surroundings. The commonly encountered 
caustic agents in our patients are listed in the Table 
along with the total number of patients ingesting 
each agent and the number of positive and negative 
esophagoscopies performed, Liquid Drano, a 20°¢ 
sodium hydroxide solution, was the most commonly 
ingested agent. Hawkins et al? feel that solid caustic 
agents have a higher incidence of esophageal buras 
than liquid agents. He reasons that a solid bolus of 
caustic material is more likely than a liquid agent to 
have prolonged contact with the esophageal mu- 
cosal lining since the solid agent is quickly swal- 
lowed while the liquid agent is expelled from the 
mouth immediately after the oral mucosa is burned. 
This observation was not borne out in our study. A 
lower rate of positive findings resulted from solid 
Drano crystals than from liquid Drano (15% versus 
90%) or the Clin-O-Test tablets. 


Reports on the physical examination of the posi- 
tive extraesophageal burns ranged from mild hyper- 
emia on the dorsum of the tongue to ulceration of the 
oral mucosa or skin. The extraesophageal burns are 
classified as significant or minor on the basis of how 
they were described. Thirty-six of the 72 patients 
with positive esophagoscopies had significant extra- 
esophageal burns while three with positive esopha- 
goscopies had no extraesophageal burns. Thus the 
status of the esophagus cannot be related to the 
presence or absence of an extraesophageal burn. 


Analysis of our management of these cases indi- 
cates that of eight patients who received no treat- 
ment. two developed strictures. In six cases it was 
the feeling of the attending physician that the posi- 
tive findings at esophagoscopy were so minimal that 
further treatment was not warranted. The two pa- 
tients in the untreated group who eventually devel- 
oped severe strictures were judged normal at the 
time of their initial esophagoscopies. Obviously the 
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CAUSTIC AGENTS INGESTED (N = 402) 


Agent + Esoph. — Esoph. Total 

Dranc 

Liquid 21 86 107 

Solid 7 4] 48 
Lye 14 40 54 
Toilet bow! leaner | 45 52 

(Vanish, £ aniflush, Vansol) 
Ammenia cEanser 7 29 36 
Ammenia ampules 0 18 18 
Plunge 3 15 10 
Clin-O-Test tablets 0 10 10 
HTH (pool -leaner) 0 10 8 
Oven cleaner 0 8 8 
Dry c eaning fluid 0 2 2. 
Unknewn, miscellaneous 13 26 39 


+ - Esophageal burns; — - No esophageal burns. 


burns were missed at that time. The remaining 64 
patients were treated with ampicillin or amoxicil- 
lin, predrisone and dilatation. There was no stric- 
ture cormation in this group. In an attempt to quan- 
titate the severity of the esophageal burns, we clas- 
sifiec therm as mild, moderate and severe on the bas- 
is of the following criteria. Burns were classified as 
mild if orly erythema and/or edema of the mucosa 
was observed. Burns were classified as moderate if 
erythema blister formation, superficial ulceration 
and ĉibrir ous exudate were seen at the time of the 
esophagoscopy. Severe burns were diagnosed if ery- 
thema, deep ulceration and eschar formation were 
observed at esophagoscopy. The information needed 
to classify each burn was obtained from the descrip- 
tion in the operative report. Of the eight patients in 
the untreated group, six had mild burns; of the 64 
patients receiving treatment, 26 had mild burns, 21 
had noderate burns and 17 had severe burns. 


DISCUSSION 


The protean complications of caustic esophageal 
burrs in the pediatric age group can be devastating 
to patien! and family. This fact is readily demon- 
strated b> one of our patients who progressed to a 
seve-e str cture after an esophagoscopy described as 
nornal. This 2-year-old child was readmitted 1 
month ater ingestion with increasing difficulty 
swallowing. She had another esophagoscopy at this 
time whieh resulted in an esophageal perforation. A 
thoracic surgeon drained her cervical esophagus, 
performed a gastrostomy and placed a string inside 
the esophagus for future retrograde dilatation. She 
was subse quently readmitted for division of her cer- 
vica! esophagus and creation of a cervical esophago- 
stomy. She was admitted 8 months later and had a 
coloa interposition with takedown of her cervical 
esophagostomy and pyloroplasty. Subsequently, she 
was adm tted six times over a 10-month period and 
had six eidoscopic procedures for dilatation of her 
esophagus and esophago-colonic anastomosis. To 
date. a total hospital bill of $69,780 has been in- 
curred for this child. 


P-ior to the work of Spain et al in 1950* which 
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demonstrated the anti-inflammatory properties of 
steroids, treatment plans were aimed at dealing 
with stricture formation. The Salzer method’ rec- 
ommended early dilatation beginning just two to 
three days after burn. The Jackson method, how- 
ever, recommended delaying dilatation until 2-3 
weeks after burn.‘ Various stenting techniques, 
such as the one described by Reyes and Hill,” were 
also employed. 


After the work of Spain et al in 1950, many in- 
vestigators used steroids both in experimental and 
clinical settings.*-"* Since Spain et al did the basic 
research on which steroid management of caustic 
ingestion is based, a closer look at their work seems 
warranted, 


Spain et al also emphasized the importance of 
early steroid usage. In another group the same dose 
of steroids was given but administration began 48 
hours after wounding. No difference in quality or 
quantity of granulation tissue was found when com- 
pared to the control groups. Antibiotics were also 
shown to be effective in the treatment of alkaline 
burns of the esophagus. Haller et al'® described the 
risk of pulmonary infection from aspiration second- 
ary to dysphagia and obstruction due to intlamma- 
tory edema at the site of injury. He also pointed to 
the possibility of bacterial invasion of the medias- 
tinum through the wall of the injured esophagus 
even though gross perforation was not present. He 
therefore recommended the use of antibiotics. 
Krey" showed that experimentally antibiotics con- 
trol inflammation and hasten the injury-repair pro- 
cess, thereby helping to decrease stricture forma- 
tion. It should be remembered that these patients 
are usually treated concomitantly with steroids 


and. therefore, are immunosuppressed: antibiotics 
are a necessity in preventing infection. Many au- 
thors have reported the benefits of early esophago- 
scopy.**'°-!415 The presence or absence of an esoph- 
ageal burn can be established immediately and 
should a burn be present, appropriate treatment 
can be started. It is cost effective; the total cost of 
an esophagoscopy in our institution is approximate- 
ly $658, compared to the total cost of $69,780 for 
the patient described above. Three hundred thirty 
of our patients were discharged the day of surgery, 
resulting in obvious savings of time and resources. 
We feel that an esophagoscopy as described in the 
early stages of the acute necrotic phase is a safe pro- 
cedure. Esophagoscopy can provide knowledge of 
the severity and extent of the injury not obtainable 
from a barium swallow examination. Lastly, as our 
results and the results of others have demonstrated, 
the presence or absence of extraesophageal burns 
may not be an accurate indicator of esophageal 
status. An esophagoscopy is necessary. Our treat- 
ment protocol represents an aggressive approach to 
the problem of caustic ingestion in children, which 
we believe is preferable from the outset to more 
conservative treatment. 


CONCLUSION 


This review of 402 patients provides strong 
clinical support for the use of steroids, antibiotics 
and early dilatation in the treatment of caustic 
burns of the esophagus. We feel that early 
esophagoscopy is the best method of evaluating the 
esophagus for caustic burn. In addition to its effec- 
tiveness in treating caustic esophageal burns, the 
protocol described above has proved to be cost ef- 
fective. 
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Metastatic tumors from extrathoracic sources appear in the mediastinum mfrequently and from a variety of locations. In this series of 
approximately 350 malignancies of the mediastinum, 20 (6%) originated from the >reast, prostate, kidney, pelvis, and gastrointestinal 
tract. A radiologic review of these cases does not identify a unique pattern. although paratracheal masses present most often, while 
unilateral hilar adenopathy occurs somewhat less frequently. The history of previous urgery for malignancy suggests metastatic disease in- 
to the mediastinum. However, other entities of second primaries, lymphoma, Hodgkin's disease, and benign processes warrant considera- 
tion. Mediastinoscopy is reemphasized as a valuable diagnostic technique for the soution of these problems. 


Metastatic neoplasms appearing in the medias- 
tinum from extrathoracic sources are relatively un- 
common. Consequently, awareness of this remote 
possibility is essential from a diagnostic and thera- 
peutic standpoint. In the investigation of the medi- 
astinal mass, mediastinoscopy plays an important 
role in procuring the tissue essential for the ultimate 
confirmation of the pathologic process. 


There are several goals of this presentation, 
namely, 1) an overview of the many types of space- 
taking lesions appearing in the mediastinum through 
an analysis of our experience, 2) a consideration of 
metastases from extrathoracic or intrathoracic ma- 
lignancies, and 3) the radiologic and endoscopic in- 
vestigation of such entities. 


A number of historical and clinical points should 
be considered as background material for the evalu- 
ation of mediastinal disease. For many years we 
have been aware of the diagnostic and therapeutic 
value of mediastinoscopy following the report by 
Carlens.' The surgical and medical literature 
abounds with application, diagnostic value, and 
therapeutic gain. The present authors’ personal ad- 
vocacy can be summarized in two areas, namely, 
the diagnosis and staging of lung cancer,’ and the 
procurement of tissue for histologic confirmation in 
the disease entities of lymphoma, Hodgkin's disease, 
and sarcoidosis.** Prognosis and survival time can 
be predicted for carcinoma of the lung via positive 
endoscopic biopsy of the mediastinum.’ Further- 
more, a differentiation of similarly appearing in- 
flammatory and neoplastic disorders may be readily 
solved by endoscopic biopsy. 


From the radiologic standpoint, pulmonary ab- 
normalities illustrating the classic presentation of a 
peripheral or a central density and with associated 
mediastinal adenopathy suggest the the diagnosis of 


lung cancer. By contrast, a mediastinal lesion de- 
scribed as either solitary or multiple nodular masses 
without a pulmonary parenchymal infiltrate relates 
to a wide spectrum of disease. As our data suggest, 
the most ikely tissue of origin is based upon statis- 
tical probability. Viewed as a radiologic challenge, 
it is this g-oup of mediastinal masses that is the most 
diffieult to consider from a secure diagnostic stand- 
point. We should also comment that a significant 
number of highly anaplastic or undifferentiated tu- 
mors cannot be identified with regard to the cell of 
origin. Further, the experienced clinician realizes 
that radiclogic interpretation of mediastinal space- 
taking lesions is often more descriptive than diag- 
nostic, identifying in turn the location, size, density 
and confæuration of the lesion. Although specific 
chambers within the mediastinum contain a num- 
ber of tumors unique to that location (eg, neural 
tumors in the posterior compartment), nonetheless, 
the variety of neoplastic entities is sufficiently broad 
that the presumptive diagnosis necessarily falls 
within a zroup of several or more possibilities. 


The composite clinical and radiologic evaluation 
may not suggest a specific diagnosis, yet some find- 
ings such as neural interruption and venous obstruc- 
tion would infer a more ominous entity such as ma- 
lignency rather than inflammatory response. The 
nonspecific vague history is often of minimal diag- 
nostic assistance. Finally, curative surgery in the 
med. astimum is severely limited by the invasive be- 
havior of many neoplasms into essential structures, 
prec udir total removal. 


The authors, having outlined the major goals of 
this pape-. suggest that the most important role of 
mediastinoscopy for metastatic disease is identifica- 
tion of the cellular origin of the neoplasm. Conclu- 
sions are derived from the evaluation of 20 cases 
from seven extrathoracic sources. The pertinent 
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anatomy of the mediastinal lymphatics plus the as- 
sociated peripheral connections and the modes of 
spread are discussed as appears relevant to the 
understanding of these cases. 


ANATOMY OF DISSECTION 


Metastatic disease extending into the mediastinal 
chambers for the most part spares the anterior re- 
gion. This is surgically fortunate due to the relative 
inaccessibility of this region for endoscopic explora- 
tion. The middle compartment which contains the 
bulk of lymphatic connections permits satisfactory 
dissection with relative ease. The posterior segment 
is a secondary area of concern with relatively infre- 
quent first- or second-level metastatic activity. The 
superior mediastinum which is related to the para- 
tracheal and visceral lymphatics (ie, thyroid gland) 
is accessible, easily explored and provides a high 
vield in advanced head and neck neoplasms. 


LYMPHATIC NETWORK 


The anatomy of the lymphatic system concerned 
with the cases in this presentation will be reviewed. 
We draw attention to the fact that an occasional site 
of metastasis is apart from the anticipated pattern 
of lymphatic spread. This devious development can 
be explained as secondary lymphatic streaming into 
minor channels still within the normal anatomic 
pattern. 


The lymphatic system’ may be considered re- 
gionally with significant channels terminating in 
the mediastinum from the head and neck, breast, 
cutaneous areas of the trunk and the abdominal and 
pelvic viscera. 

The upper body drains into the bronchomedias- 
tinal trunk by way of the peripheral smaller ducts 
and trunks. 


In the head and neck region, integraticn of the 
cervical visceral channels is through the jugular and 
bronchomediastinal trunks. The thoracic cutaneous 
lymphatics relate to the posterior intercostal nodes 
or anteriorly to the internal mammary nodes. The 
breast associates by quadrants ultimately into the 
mediastinal nodes from channels along the internal 
mammary vessels and axillary system. 


The major abdominal trunk is the cisterna chyli 
and is ultimately confluent with the thoracic duct. 


The gastrointestinal lymphatic system flows 
through subsidiary nodes along the regional arter- 
ies, subsequently into an intestinal trunk entering 
the cisterna chyli and terminating in the thoracic 
mediastinal region. The kidney drains via channels 
into the lateral lumbar nodes, sequentially there- 
after into the lumbar trunk and the cisterna chyli. 


It is apparent in the regions under discussion that 
while the immediate lymphatic connections may 
not be mediastinal (eg, the lateral breast and the 


abdominal viscera), the ultimate fate of lymph-flow 
bearing neoplastic cells is through the mediastinum 
into the venous terminals of the jugular and subcla- 
vian veins. Surgical, radiotherapeutic, inflam- 
matory, or neoplastic conditions may further alter 
lymphatic flow resulting in unusual or relatively 
aberrant metastases. This is the condition of most of 
the cases under review in this paper. 


LITERATURE REVIEW 


An informative paper by Winterbauer et al‘ dis- 
cussed the interpretation of bilateral hilar adenopa- 
thy and clinical correlation with established diag- 
nosis. A wide experience with sarcoidosis and other 
diseases which produce mediastinal adenopathy 
was presented. The spectrum included 99 patients 
with sarcoidosis, 212 with lymphoma, 500 with 
bronchogenic carcinoma and 354 instances of pul- 
monary metastases from extrathoracic tumors. In 
addition to a clinical evaluation, important radio- 
logic correlates were drawn with each disease class. 
In this series, 74 of 99 patients with sarcoidosis 
presented with symmetrical hilar adenopathy at the 
time of diagnosis. Of this group, hilar adenopathy 
was the only radiographic abnormality in 29 pa- 
tients, and in addition, peritracheal nodes (usually 
right side and unilateral) were an associated finding 
in 30 of 74 patients with hilar adenopathy. The im- 
portant observation made by these authors is that 
peritracheal without hilar adenopathy was not seen 
in any patient with sarcoidosis. Evaluation of the 
212 patients with lymphoma was subdivided into 96 
with Hodgkin's disease, 62 with reticulum cell sar- 
coma, 27 with lymphoblastic lymphoma, 18 with 
lymphocytic lymphoma and 9 with unclassified 
lymphoma. Of these confirmed 212 with the var- 
ious subgroups of lymphoma, 63 presented with ab- 
normal chest x-ray studies. These authors indicate 
that bilateral hilar adenopathy does not relate to 
any specific form of lymphoma. The chest film, by 
contrast with sarcoidosis, demonstrated peritra- 
cheal masses without hilar adenopathy and was the 
most common abnormality. Forty-three percent of 
the total had unilateral hilar enlargement, pleural 
effusion, an anterior mediastinal mass and paren- 
chymal nodules. Delayed bilateral adenopathy ap- 
peared at a mean of 24 months after confirmation of 
the diagnosis in 12 patients while 8 of 63 presented 
with bilateral densities. Clinically, systemic and 
thoracic symptoms were associated with lymphoma 
and mimicked sarcoidosis. Peripheral nodes were 
identified and biopsied in a small group of this 
series and were diagnostic for lymphoma. It is in- 
teresting that in the 500 cases with bronchogenic 
carcinoma (confirmed by extrathoracic tumor biop- 
sy), two cases presented with bilateral adenopathy. 
The group with extrathoracic tumors included 354 
cases with evidence of intrathoracic metastases, but 
only two cases presented with bilateral hilar node 
enlargement. 
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The authors’ cite a number of cases in which the 
histologic report “consistent with” sarcoidosis con- 
flicts with the clinical course and ultimate diagnosis 
of malignancy. Three cases were eventually cate- 
gorized as one generalized form of malignant mela- 
noma with reactive change in the mediastinal 
nodes, and two instances of Hodgkin's disease. 
Three cases were considered to have the epithelioid 
reaction as a response to regional malignancy. The 
radiologic appearance in each instance was atypical 
and not consistent with sarcoidosis, such as unilat- 
eral hilar disease, or symmetrical bilateral mediasti- 
nal widening due to peritracheal adenopathy. 


Mediastinoscopy has not been employed exten- 
sively for the evaluation of metastatic carcinoma of 
the breast. A report by Neifeld et al’ cites their ex- 
perience with mediastinoscopy as a diagnostic aid in 
six patients to obtain tissue for estrogen receptor 
analysis. The authors limit the procedure to these 
individuals with evidence of mediastinal disease by 
chest roentgenography, tomography, or gallium 
scintigraphy, where more easily accessible sites 
were not apparent. 


The natural course of renal carcinoma with ex- 
tension by metastases into lymph nodes is discussed 
by Arkless.* In his series of 152 patients, 12 devel- 
oped obvious supradiaphragmatic nodal disease 11 
of which were located in the carinal, hilar, or 
paratracheal areas. Five patients in the same group 
had anterior cervical or supraclavicular adenopa- 
thy. An unusual case presentation by Khan and 
Khan’ cited a 52-year-old man with minimal symp- 
toms and radiographic findings of bilateral hilar 
adenopathy resembling sarcoidosis. A scalene node 
biopsy established the site of origin, later confirmed 
by diagnostic studies, to be the left kidney. The 
authors suggest tissue confirmation for the diagnosis 
of sarcoidosis as a consequence of this case. Subse- 
quent to this report another case was cited by 
Ahmad and Zevallos'® describing a similar pattern 
of bilateral hilar adenopathy consistent with sar- 
coidosis but confirmed via mediastinoscopy as renal 
in origin. Robson et al'' commented upon the value 
of mediastinoscopy in determining the presence of 
lymphatic metastasis from renal cell carcinoma and 
wrote that “it is used routinely to determine the 
need for extensive subdiaphragmatic lymphatic dis- 
section.” 


Feldman and Kricun'? discussed a malignant 
melanoma presenting as a mediastinal mass. Cen- 
firmation was by mediastinoscopy though the pri- 
mary site of origin was not determined. 


Webb" surveyed 65 patients with intrathoracic 
metastases from melanoma of which 35 patients 
had metastases to hilar or mediastinal nodes. Five 
of the 28 patients with pulmonary nodules demon- 
strated symmetrical hilar adenopathy resembling 
sarcoidosis, and seven individuals had unilateral in- 
volvement of lung, hilar and mediastinal nodes. 
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Fig. 1. analysis by tissue of 339 cases of mediastinal metas- 
tases. 


The interolateral lymphatic channels emanating 
from the thyroid gland empty into the pretracheal, 
paratracieal, and infraglandular nodes.'* As 
describec by Sisson and Feldman,’ extension and 
spread of malignancy into the anterior mediastinum 
is through this system and warrants surgical removal. 


DATA 

The authors have reviewed 339 cases in which 
mediastinoscopy and biposy furnished a positive 
tissue diagnosis. Surgery has been limited, with a 
few exceptions, to the cases in which standard roen- 
tgenogradhs or planigrams clearly demonstrated 
adenopathy or widening of the compartment com- 
patible with diffuse neoplastic expansion. This 
policy was adopted to minimize the cases in which 
the surgical yield was low (ie, below 10%) or in 
which the metastatic potential was similarly in- 
significart or established by bronchoscopic biopsy. 


Figure | identifies the relative importance of ma- 
lignant and inflammatory disease in the mediastinal 
lymph ncdes. Cancer of the lung is the most signifi- 
cant component of the five major headings, encom- 
passing 71% of the total series. This preponderance 
reflects tie relative importance and high incidence 
of pulmonary neoplasms in a general hospital cen- 
sus. Sarcoidosis is less frequent in this review, but 
still comprises 14% of the series. Hodgkin’s disease, 
non-Hodzkin’s lymphoma, and leukemic infiltrate 
diminish in quantity, appearing in approximately 
6% of the total. 


Miscel aneous diagnoses include tuberculosis and 
fungal irfections of lymph nodes, thymic diseases 
(cyst and thymoma), substernal thyroid, and devel- 
opmenta cysts. Finally the metastatic group, al- 
though s atistically small, is 6% of the series. 


When the lung cancers are excluded, there are 
approximately 100 diagnostic problems of medias- 
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tinal masses. The presence of asymptomatic hilar 
adenopathy particularly associated with uveitis or 
cutaneous nodules is classic for sarcoidosis and these 
individuals may be withdrawn from further consid- 
eration. This exclusion reduces the diagnostic cen- 
sus to approximately 50 individuals. 


SITE OF ORIGIN 


There were 20 cases of mediastinal metastases 
from extrathoracic primary malignancies with sev- 
en sites of origin. Consequently the data are di- 
luted, almost anecdotal, and not statistically sig- 
nificant for any site of origin. The sex ratio is seven 
men to 13 women, skewed by the eight cases of fe- 
male breast malignancy; the next largest group (4) 
originated in the prostate. Six patients conclude the 
group with sites of origin being kidney (2), gastro- 
intestinal tract (2), thyroid gland (1), and uterus 
(1). The ages range from 35 to 78 years with a mean 
of 59 years; the melanoma patients are in their 30s 
(35 and 36 years) and the most senior patient (78 
years) is in the group with prostatic carcinoma. 
These 20 cases will be detailed briefly and some of 
the appropriate films presented. 


BREAST CANCER 


Breast malignancies, as the most common in this 
series. will be considered first. The patients, but for 
one. have been followed in the breast tumor clinic 
undergoing periodic chest x-ray studies. Films are 
taken for new pulmonary complaints in addition to 
a routine screening plan. Shortness of breath and 
cough were the most common presenting ccmplaint 
(5/8): other symptoms were a pathologic fracture of 
the hip, headache due to intracerebral metastases, 
and posterior fossa spread with cerebellar and 
brainstem disorders. Only one individual was symp- 
tom-free at the time of the abnormal chest film. 


While the bronchoscopic evaluation as a prelim- 
inary investigation is quite valuable, only one of 
this group exhibited endoscopic evidence of neo- 
plasm which was reported initially as poorly dif- 
ferentiated epidermoid carcinoma, probably of 
pulmonary origin. Later, the diagnosis was cor- 
rected to adenocarcinoma of the breast after recep- 
tion of more adequate tissue from mediastinoscopy. 


The radiologic appearance presented a broad 
spectrum of abnormality. The most common form 
of presentation is parenchymal nodules due to 
pulmonary showering of neoplasm. Hilar adenop- 
athy is associated less frequently with peripheral 
nodules and rarely with a pleural effusion. 

The onset of clinically evident metastases ranged 


from as brief as three months postmastectomy, to 13 
years of apparent tumor freedom. 


Case 1. The chest radiograph of a 61-year-old 
woman with generalized spread through the paren- 





Fig. 2. (Case 1) A) Bilateral hilar and suprahilar adeno- 
pathy with scattered densities in pulmonary parenchyma. 
Note absent left breast. B) Tomogram more clearly illus- 
trates diffuse nodular mediastinal disease than standard 
chest film. 


chyma and with mediastinal metastases is pre- 
sented. This individual had previously undergone 
radical mastectomy two years before the current in- 
vestigation and positive axillary nodes were identi- 


fied (Fig. 2A,B). 


The endoscopic examination was unremarkable 
and randomized transbronchoscopic biopsies showed 
only bronchitis and essentially normal alveolar tis- 
sue. Exploration by mediastinoscopy revealed a 
number of tumor-bearing nodes in the paratracheal 
region and tracheobronchial groove. 


PROSTATIC CANCER 


Malignancy of the prostate gland with mediasti- 
nal metastases is considered in four cases. The out- 
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Fig. 3. (Case 2) Patient demonstrated right hilar and infra- 
hilar masses confirmed as metastatic neoplasm from pri- 
mary prostate cancer. 


standing symptoms related to bone pain from me- 
tastases into the pelvis and lumbar spine in two 
cases, hoarseness due to interruption of the left re- 
current laryngeal nerve in one case, and one symp- 
tom-free individual with an abnormal chest x-ray 
study. The significant x-ray studies identified pul- 
monary nodules (one patient) and abnormal medi- 
astinal configuration (three patients). Bronchos- 
copy identified compression of the trachea in one 
patient but was otherwise unrewarding in the three 
remaining cases. The history of relatively recent 
prostate surgery was obtained in each case with a 
maximum period of three years intervening before 
distant symptoms appeared. 


Case 2. A 69-year-old man was symptom-free 
and therefore the chest x-ray study was routine, 
demonstrating right hilar and infrahilar adenop- 
athy (Fig. 3). Though this patient was asympto- 
matic, metastatic neoplasm was identified and con- 
firmed in the right hilar region. 


CANCER OF THE KIDNEY 

Two cases of renal carcinoma underwent medias- 
tinoscopy and biopsy for adenopathy in the paratra- 
cheal and tracheobronchial areas. One individual 
was asymptomatic; the initial complaint of the sec- 
ond individual was hip pain. Nonetheless, in the 
latter case, metastatic disease was confirmed from a 
primary renal lesion seven years before the current 
evaluation. 


Case 3. This 69-year-old man presented with a 
painful hip. During the investigation, chest filnas 
disclosed an abnormality in the right infrahilar 
region confirmed by tomography. The film of the 
pelvis identified a large lytic lesion destroying most 
of the ilium. Subsequent radiologic investigation by 
renal angiography depicted the vascular pattern of 
neoplasm (Fig. 4A,B). 


MALIGNANT MELANOMA 


The unpredictable behavior pattern of malignant 
melanoma is exemplified by the following two 





Fic. 4. (Case 3) A) Pain in right hip due to lytic lesion sug- 
gesting claest x-ray film revealing right infrahilar mass. B) 
Tamogram following chest film further confirmed infra- 
hilar mass of renal origin. 


cases Two young women, ages 36 and 35 respec- 
tively, unclerwent wide excision of primary neo- 
plasra from the back and flank, 4 and 11 years be- 
fore their current problems developed. Mediastinos- 
copy was vositive in each instance. 


GASTROINTESTINAL MALIGNANCIES 


There are two representative cases: one case with 
primary carcinoma originating in the stomach and 
in the second case originating in the pancreas. The 
patients were a 55-year-old man and a 49-year-old 
woman. I each instance, the presenting complaint 
was intractable, excruciating back pain. Radio- 
graphs indicated large right paratracheal masses 
with no evidence of bone erosion in the rib cage or 
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Fig. 5. (Case 4) A) Large lobulated mass in right and left 
patr area in this 50-year-old woman originated 
rom stromal cell sarcoma of uterus. B) Lateral projection 
indicates mass anterior to trachea extending anteriorly to 
sternum. 


thoracic spine. Mediastinoscopy identified tumor in 
the superior and middle compartment in one pa- 
tient, and adherence of a tumor mass to the thoracic 
spine in the second patient. Tissue investigations 
confirmed adenocarcinoma suggesting gastrointes- 
tinal tract origins. Retrospective investigations re- 
vealed a previous bowel malignancy in one patient, 
and the subsequent course of the second patient 
confirmed the site of origin as the pancreas. 


THYROID CARCINOMA 


A 58-year-old man was investigated for progres- 
sively increasing right paravertebral pain between 


T-4 and T-7. A chest x-ray study revealed a large 
mass filling the right paratracheal region with pos- 
terior projection to the thoracic spine and was docu- 
mented by tomography. At mediastinoscopy, the 
right paratracheal region was filled by a large tu- 
mor mass extending to the spine; tissue analysis was 
reported as papillary thyroid carcinoma. 


PELVIC CANCER 


Case 4. A 5l-year-old woman previously in only 
fair health due to a neurologic disorder classified as 
a dystonia, had a chest x-ray study for a variety of 
vague symptoms described as “chest spasm” associ- 
ated with a cough of four-weeks duration. The 
chest radiograph suggested a large superior medias- 
tinal tumor, lobulated and irregular, with compres- 
sion of the tracheal lumen. The radiologic diagno- 
sis, based upon the tumor size and location, sug- 
gested lymphoma as the primary consideration with 
thymoma as the secondary diagnosis. (Fig. 5A,B). 


At mediastinoscopy, the right paratracheal area 
contained a firm mass which on dissection proved to 
be a collection of individual lymph nodes. Multiple 
biopsies were taken. After numerous pathologic 
consultations, the tissue was considered to be a 
large-cell anaplastic carcinoma of unknown origin. 
This interpretation suggested a reevaluation of the 
patient for an occult primary; following reap- 
praisal, a pelvic neoplasm was identified. Subse- 
quent intravenous pyelogram and examination sug- 
gested an extrinsic tumor distorting the ureter and 
bladder. Laparotomy and pelvic exploration re- 
vealed a large ovarian mass which was removed. 
The histopathologic report from this mass was 
stromal cell sarcoma. The mediastinal tumor was 
reviewed and found to be consistent with metastases 
from the pelvis. 


DISCUSSION 


Comparison of chest x-ray studies and, when 
necessary, tomographs of the mediastinum does not 
indicate a common denominator of neoplastic ap- 
pearance suggestive of intrathoracic or extrathor- 
acic origin. However, malignancy is suggested by 
the location of isolated masses in the paratracheal 
region or unilateral hilar nodularity. 


The authors consider the negative aspects of 
bronchoscopy in relation to the radiological find- 
ings. Our experience indicates that when metastases 
are confined to the regional lymphatic system and 
spare the pulmonary tissue, the yield from bron- 
choscopic biopsy is negligible. Additionally, the en- 
doscopic appearance of tracheobronchial distortion 
is absent until late tumor expansion and compres- 
sion becomes evident. The exception to this general 
observation is breast cancer with relatively early 
peritracheal and submucosal infiltration. 


Nine of the described 20 cases originated from 
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tumors above the diaphragm (8 breast and 1 thy- 
roid): 9 cases were infradiaphragmatic in location, 
either abdominal or pelvic in origin, and the re- 
maining 2 cases originated from cutaneous areas on 
the trunk. 


In this series of metastatic disease and in other 
cases in our files, a major problem has been identi- 
fied with regard to origin of the cell line of the biop- 
sied tumor. There is sufficient characterization in 
the well and moderately differentiated carcinoma, 
whether of cutaneous or glandular origin, to estab- 
lish the probable and in most instances accurate or- 
gan source. By contrast, when the cell pattern is de- 
scribed as highly undifferentiated, anaplastic, or 
primitive-cell type, and other similarly general 
terms, the question of primary t metastatic neo- 
plasm may not be answered. In our series, thoracot- 
omy for additional tissue, once representative ma- 
terial has been derived by mediastinoscopy. yields 
relatively little additional information. Further- 
more. when external irradiation has been applied to 
the mediastinum for shrinkage of a neoplasm, the 
cellular morphology identified thereafter is 
distorted or modified further impeding a definitive 
diagnosis. 


From a historical standpoint, the background of 
previous cancer surgery is most significant, irrespec- 
tive of the interval before the primary neoplasm 
and on the onset of symptoms or radiologic find- 
ings. This fact is documented by the breast malig- 
nancies with occasional long periods of tumor con- 


trol. Second primaries or neoplasms of lymphatic 
origins may intervene as the immunosurveillance 
system is depressed or modified. Consequently, the 
newly discovered abnormalities require evaluation 
for current therapeutic programming. 


There are some applications of mediastinoscopy 
to specific regions of neoplasm that warrant dis- 
cussion. The use of staging of head and neck cancer 
has been reported;'®!” the obvious goal is deter- 
mination of substernal spread. The authors counter 
that head and neck cancer usually, though not al- 
ways, spreads via the cervical chain with the pri- 
mary relationship to specific regional nodes. When 
spread occurs due to elaboration of tumor emboli 
from an involved node or as a secondary area of de- 
posit in the neck, it is usually within the immediate 
vicinity and therefore clinically palpable. An 
isolated substernal metastasis, skipping the inter- 
vening lymphatic system is a relatively unusual 
event. and therefore the authors do not suggest rou- 
tine mediastinal exploration. 


With improving chemotherapeutic techniques of 
tumer suppression, it is essential that tissue diag- 
nosis of mediastinal disease be established. Tempor- 
ary or prolonged regression of breast cancer dissem- 
‘nation can be achieved: less successful is the control 
of other forms of malignancy. The areas in which 
adjuvant therapy is minimally or at best moderately 
effective. such as bowel malignancies and malig- 
nant melanoma, still warrant diagnostic evaluation 
to apply the modality most effective at this time. 
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PATIENT 


This 20-year-old woman complained of fluc- 
tuating hearing in the left ear for approximately 
three months. Otoscopic examination revealed a 
bulging erythematous left drum. A diagnosis of 
acute suppurative otitis media was made. and the 
patient was treated with oral antibiotics, A myrin- 
gotomy was performed one week later because the 
appearance was unchanged and serous fluid was as- 
pirated. A second week later an exploratory tympa- 
notomy was done and profuse bleeding encoun- 
tered. When referred to the Massachusetts Eye and 
Ear Infirmary three weeks later a bilobed mass was 
seen in the posteroinferior quadrant of the meso- 
tympanum. Other than a moderate conductive 
hearing loss on the left, the remainder of the head 
and neck examination was normal. 

The patient's father was said to have had a che- 
modectoma removed from each side of the neck and 
a paternal uncle was said to have had a solitary che- 
modectoma in the neck, 

A combined exploration of the left mastoid and 
neck was performed and a carotid body tumor was 
encountered at the carotid bifurcation and totally 
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Figure | 


removed. A second tumor was found in the area of 
the inferior ganglion of the vagus nerve. Explora- 
tion of the middle ear and mastoid revealed a large 
glomus tumor at the jugular foramen which was in- 
completely removed because of extension of the tu- 
mor into the carotid canal. 


RADIOGRAPHIC FINDINGS 


Towne’s view (Fig. 1) of the temporal bones show 
a diffuse nonspecific increase in density in the left 
middle ear cavity and adjacent mastoid (arrow- 
heads). Semiaxial polytome study of the base of the 
skull (Fig. 2) shows a normal right jugular fossa 
with a sharp cortical outline (asterisk). There is ero- 
sion of the lateral superior portion of the left jugular 
fossa with loss of the jugular spine (arrowhead). 
There is also destruction of the floor of the left tym- 
panic cavity (arrow) together with increased densi- 
ty in the left tympanic cavity. A lateral polytomog- 
raphic study (Fig. 3) reveals destruction of the 
caroticojugular spine (arrowhead). There is also 
erosion of the bony outline of the jugular fossa (ar- 
row). 

A lateral subtraction view of the inferior tym- 
panie branch of ascending pharyngeal artery angio- 
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Figure 2 


gram demonstrates a dense vascular stain of a 
glomus jugulare tumor in the jugular fossa (arrow- 
heads). Early venous shunting is evident (Fig. 4). A 
lateral subtraction view of the more proximal as- 
cending pharyngeal artery angiogram reveals retro- 
grade filling of a very vascular nodule (arrowheads) 
at the level of the second cervical (C-2) vertebra 
along the vagus nerve (Fig. 5). The lateral subtrac- 
tion view following injection near the origin of the 
superior thyroidal artery (arrowhead) demonstrates 
branches producing hypervascularity at the com- 
mon carotid bifurcation (arrow) and antegrade fill- 
ing of the nodule at the level of C-2 (Fig. 6). 


DISCUSSION 


Chemodectomas (nonchromaffin paragangli- 
omas) are slow-growing tumors ranging in size from 
a few millimeters to ten or more centimeters. They 
are more common in females, particularly the intra- 
tympanic and glomus jugulare tumors. The majori- 
ty of these lesions are unilateral, but bilateral 
tumors or glomus jugulare tumors associated with 
vagal tumors and carotid body tumors are encoun- 
tered.' A rare feature is a heredofamilial tendency.* 
These tumors are usually encapsulated and the vast 
majority of chemodectomas are histologically be- 
nign. They are composed of many small capillaries 
surrounded by epithelial cells’ and may invade lo- 
cally, recur and metastasize in 2% to 6% of cases." 





Figure 3 


Glomus ugulare tumors arise from the adventitia 
of the internal jugular vein within the jugular fossa. 
The most frequently encountered symptoms are 
conductive hearing loss, fullness in the ear, tinnitus, 
discoloratien of the tympanic membrane caused by 
the tumor, facial nerve or 9th through 12th nerve 
palsy, aural bleeding or discharge, and a mass 
within the bony external canal or behind the tym- 
panic membrane. The radiographic findings of glo- 
mus jugulare tumors depend on the size and exten- 
sion of the lesion.’ Initially there is erosion of the 
cortical outline followed by enlargement of the jug- 
ular fossa. A large jugular fossa without erosion of 
the cortical outline is not of diagnostic significance 
since asymmetry of the two fossae of the same pa- 
tient is conmon with the right side often larger than 
the left side. There may be erosion of the bony sep- 
tum (caroticojugular spine) between the jugular 
foramen ard the intrapetrous portion of the carotid 
canal. Erosion of the floor of the middle ear cavity 
is commonly seen with extension of a soft tissue mass 
of variable size into the middle ear cavity. If the 
mass is extensive, involvement of the mastoid and 
bony extermal canal may occur. Anterior extension 
may cause destruction of the inferior aspect of the 
petrous pyramid. Extension posteriorly causes ero- 
sion of the occipital bone and enlargement or de- 








Figure 5 


struction of the hypoglossal canal.‘ Angiography 
yields important information regarding the size of 
the lesion and extension. The blood supply of these 
tumors frequently arises from the tympanic branch 
of the ascending pharyngeal artery. Therefore. se- 
lective angiography of the external as well as the in- 
ternal carotid arteries and vertebral artery is neces- 
sary for complete evaluation of the tumor. Contrast 
medium accumulates within a network of small ir- 
regular vessels and the late angiographic phase 
demonstrates a uniform tumor blush. Jugular ve- 
nography helps to outline the inferior extent of the 
tumor. The jugular bulb may be indented extrinsi- 
cally by the tumor or there may be actua! invasion 
of the vein over a variable distance inferiorly. Com- 
puterized axial tomography following infusion of 
contrast material may demonstrate intracranial ex- 
tension of the tumor. Chemodectomas in the neck 
enhance following infusion of contrast material and 
thus can be differentiated from avascular tumors 
and cysts. In the tympanic cavity glomus tumors 
should be differentiated from an ectopic carotid ar- 
tery and vein, cholesterol granuloma and heman- 
gioma.’ 

Chemodectomas arising from the inferior gang- 
lion of the vagal nerve (ganglion nodosum) are 
manifested by a painless mass behind the angle of 
the mandible which frequently bulges into the 
pharyngeal wall in the peritonsillar area producing 
dysphagia. Simultaneous occurrence with other 
chemodectomas, as presented in this case. has been 
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previously reported.* Metastases have been reported 
in 19% of 37 reported cases.’ 


Carotid body tumors manifest as a painless mass 
in the lateral aspect of the neck. The duration of 
growth may range from a month to many years be- 
fore detection. When the lesion is large, pressure on 
surrounding structures causes dysphagia, hoarse- 
ness, and coughing. Physical examination reveals a 
tumor mass at the carotid bifurcation usually 
movable laterally, but not vertically. The mass may 
be pulsatile and associated with a thrill or bruit 
making its differentiation from an aneurysm diffi- 
cult. Angiography outlines the size of the lesion and 
its relationship to the internal and external carotid 
arteries. The opposite side should also be assessed by 
angiography to rule out a possible second lesion 
which occurs in 2.8% of cases but increases to 26 % 
in patients showing a familial tendency.'® The 
cerebral flow from the opposite side of the lesion 
should be assessed either by performing carotid 
angiography on the unaffected side or by compres- 
sion of the uninvolved carotid artery during injec- 
tion of contrast medium in the affected side. The 
study of cross-flow intracerebrally is important in 
case the internal carotid artery has to be sacrificed 
during the excision of the lesion. The angiographic 
findings consist of a dense tumor blush along with 
separation and/or displacement of the internal and 
external carotid vessels. The vessels may also be nar- 
rowed, but are almost never occluded. 


X-RAY STUDY OF THE MONTH 669 


REFERENCES 
l. Spector GJ, Ciralsky R, Maisel RH, Ogura JH. IV. Multi- 6. Hancel SF, Miller MH, Miller LS, Goepfert H. Angio- 
ple glomus tumors in the head and neck. Laryngoscope 1975; 85: graphic changes of head and neck chemodectomas following ra- 
1066-75. diotherapy. Arch Otolaryngol 1977: 103:87-9. 
2. Hayes HM Jr, Fraumeni JF Jr. Chemodectomas in dags: T. Valvassori GE, Buckingham RA. Middle ear masses mi- 
epidemiologic comparison with man. J Natl Cancer Inst 1974; micking glomus tumors: radiologic and otoscopic recognition. 
52:1455-8. Ann Otol Rainol Laryngol 1975; 83:606-12. 


3. Batsakis JG. Tumors of the head and neck: clinical and 
pathological consideration. 2nd ed. Baltimore: Williams & 
Wilkins Co, 1979. 


8. Someren A, Karcioglu Z. Malignant vagal paraganglioma. 
Report of a case and review of literature. Am J Clin Pathol 1977: 


68:400-8. 
4. Irons GB, Weiland LH, Brown WL. Paragangliomas of l l 
the neck: clinical and pathologic analysis of 116 cases. Surg Clin 9. Drucx NS, Spector GJ, Ciralsky RH, Ogura JH. Malignant 
North Am 1977: 57:575-83. glomus vagale. Report of a case and review of the literature. Arch 


Otolaryngol 1976; 102:634-6. 
5. Rice RP, Holman CB. Roentgenographic manifestations of 


tumors of the glomus jugulare (chemodectoma). AJR 1963; 89: 10. Cook RL. Bilateral chemodectomas in the neck. J Laryn- 
1201-8. gol 1977; 91:611-8. 


l 


GUIDELINES FOR GRANTS 
TRUSTEES OF THE RESERACH FUND OF THE AMERICAN OTOLOGICAL SOCIETY, INC. 
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LETTERS TO THE EDITOR 


Dear Editor, 


I have mixed feelings about the article by Dr. Ernest A. Wey- 
muller, Jr, and Dr. Charles W. Cummings, “Cricothyroidotomy: 
The Impact of Antecedent Endotracheal Intubation” (Ann Otol 
Rhinol Laryngol 1982: 91:437-9). This article does little more 
than add more confusion to an already heated issue. It was an at- 
tempt to prove or disprove the value of cricothyroidotomy, but 
the study as designed could hardly be considered a scientific pro- 
ject. The authors, complaining of other articles and the lack of 
objective data, should certainly review their own article and 
data. I never contended that my article, “Epiglottic Reconstruc- 
tion of Laryngeal Stenosis Secondary to Cricothyroidostomy,” 
(Laryngoscope 1980: 90:1130-6) was a scientific paper, but only 
cautioned against outright acceptance of the procedure. I disagree 
with their comments on my two cases and only ask readers to 
review it for themselves. I find their comments cautioning readers 
against articles without any case reports rather ironic, since they 
present none themselves. I also find their third concluding point 
recommending cricothyroidotomy as an elective procedure 
without antecedent intubation quite unreasonable and without 
support in their article or any other that I have read. F urther- 
more, one gets rather disturbed in reading an allegedly objective 
report, like this one, which calls those against this operation the 
“detractors” and the advocates for the procedure “champions.” 


I find the subject cricothyroidotomy perplexing to say the least. 
As an otolaryngologist, I can find no support for a procedure 
which involves trauma to an organ (the larynx) that otherwise 
could be handled by a classic tracheotomy. The limited number 
of cases that would probably be candidates, such as these without 
prior intubation and those not requiring mechanical ventilation, 
would be so infrequent as to not warrant popularizing this pro- 
cedure for fear of its indiscriminate use. Articles written in sup- 
port of cricothyroidotomy stress time as a major advantage over a 
tracheotomy. If the time difference is substantial between a classi- 
cal tracheotomy and a cricothyroidotomy by a particular surgeon, 
that surgeon should not be doing either of the procedares. 


Yes, more clinical research rather than laboratory research will 
most likely be continued as this article encouraged; and no doubt 
we will see more complications as a result. 


Thomas L. Kennedy, MD 
Associate, Otolaryngology 
Geisinger Medical Center 
Danville, PA 17822 


Dear Editor, 


To respond to the comments made by Dr. Kennedy regarding 
our article discussing cricothyroidotomy: 


1. Our study is certainly not a prospective randomized trial of 
cricothyroidotomy and cannot be considered totally “scientific.” 
We felt it imperative to abort the use of cricothyroidotomy after 
seeing significant complications related to prolonged intubation. 


2. We presented in cumulative form the objective data regard- 
ing our patients. Specific case reports are not essential to our main 


point. 


3. We concluded that cricothyroidotomy as an elective pro- 
cedure is indeed reasonable. This was supported by our limited 
personal experience and by massive experience cited in the litera- 
ture (references 6-9). I would suggest that Dr. Kennedy and 
others who question the appropriate use of cricothyroidotomy fa- 
miliarize themselves with the large body of information available 
on elective cricothyroidotomy. 


4. The major benefits to be gained by cricothyroidotomy are 
not only the time factor, but more specifically as pointed out by 
Boyd and Conlan, cricothyroidotomy removes the incision from 
proximity to a median sternotomy making it popular with thor- 
acic surgeons. As mentioned by Morain, cricothyroidotomy is at- 
tractive to the head and neck surgeon because it can be done 
through a limited incision and is easier to separate from a radical 
neck dissection field thus preventing the sometimes bothersome 
air leak that complicates the establishment of suction drainage in 
the presence of a tracheotomy. 


It seems that cricothyroidotomy continues to strike an emo- 
tional response which we regret. It should remain our respon- 
sibility to accumulate objective data and recognize the informa- 
tion made available by nonotolaryngologists (Boyd and Conlan, 


« 


Brantigan and Grow, Morain). 


Ernest A. Weymuller, Jr, MD 
Associate Professor 

Charles W. Cummings, MD 
Professor and Chairman 
Department of Otolaryngology 
University of Washington 
Seattle, WA 98195 


BOOK REVIEW 


Larynx: Microlaryngoscopy and Histopathology 


Edited by Willy Lehmann, Jean-Marie Pidoux and Jean- 
Jacques Widmann. Hard cover, color illustrations, indexed, 
bibliography, bilingual text (French/English), 135 pages, 
1981. International Pharmaceuticals, Zambon, Switzerland. 


This photographic atlas of laryngeal pathology is anique for 
two reasons. First, it provides a pictorial correlation between 
macroscopic identification of mucosal lesions matched to their 
histologic descriptions. Second, it offers some of the most vivid 
photographs of endolaryngeal pathology ever published. The en- 
dolaryngeal photographs are of uniformly high quality character- 
ized by surprising color accuracy and vivid clarity. Color illustra- 
tions used in the Introduction provide helpful anatomic references 
and are especially useful to the student beginning the study of la- 
ryngology. 
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There are a few minor deficiencies in this atlas. Since the text 
was originally written in French, at times the English translation 
suffers from awkward medical terminology with which the 
American physician may be unfamiliar, I was also somewhat dis- 
appointed not to see photographic descriptions of tuberculosis, 
sarcoidosis and fungal infections included among the granuloma- 
tous diseases. Examples of cleft larynx and laryngoceles would 
also have been of interest. 


Nevertheless, this atlas is a magnificent attempt to bring to- 
gether gross and microscopic descriptions of laryngeal pathology. 
Photographic quality is outstanding. This compendium represents 
a very worthwhile addition to the otolaryngologist’s library. 


CLARENCE T. SASAKI, MD 


New Haven, Connecticut 
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Nerve-muscle pedicle reinneration of larynx, 440 
Nerve section, unilateral vestibular. and binocular counter-roll- 
ing during sustained body tilt, 225 
Neurectomy, singular, update, 469 
Neuroma, acoustic, surgery and preservation of hearing, 240 
Nonbeating cilia, scanning electron microscopic examination of, 
612 
Nystagmus responses and vestibular subjective sensation during 
computerized harmonic acceleration tests, 493 


Obituary, French K. Hansel, 232 
Samuel Rosen, 126 
Ben H. Senturia, 351 
Obstruction, esophageal, simple endoscopic intubation technique 
in, 602 
Tracheobronchial, from metastatic distant malignancies, 
648 


Obstructive sleep apnea, anatomic abnormalities in, 595 
Olfactory epithelium (in mouse), degeneration and regeneration 
of, Supp. 89 
Open rigid bronchoscopy, anesthetic gas scavenger for use during, 
610 
Operating laryngoscope, dynamics of Venturi jet ventilation 
threugh, 615 
Ossicular replacement allografts, lyophilized partial, 538 
Otitis media, comparative anatomy of eustachian tube and mid- 
dle ear cavity (animal models), 82 
Experimental, tympanic configurations and middle ear find- 
ings, 20 
Experimental (in chinchillas), Suppl 93: baseline immuno- 
logical investigation, part 1; middle ear immune response 
to S Pneumoniae types 3 and 23, part 2 
Pneumococcal, ampicillin in treatment (chinchilla model), 
256 
Secondary to ampicillin-resistant Hemophilus influenzae, 
328 
Otitis media with effusion and bony auditory tube, 200 
Otoconial abnormalities, cochlear abnormalities and, in capsular 
otosclerosis with hydrops, Suppl 97:3 
Otoconial membrane dysplasia, vaterite otoconia in, 193 
Otolaryngology, American Board of, 1950-1979, Suppl 90 
First National Conference on Research Goals and Methods 
in, Suppl 100 
Otolaryngology-head and neck surgery, dilemma of subcertifica- 
tion in, 352 
Otosclerosis, capsular, with hydrops, cochlear and otoconial ab- 
normalities in, Suppl 97:3 
Oval window fistula and round fistula, simultaneous, in child, 
332 


Oxatomide, use in treatment of chronic allergic rhinitis, 175 


Palatal incompetence, congenital indications before diagnosis, 
115 


Palliative care, use of inexpensive effective cryoprobe for, 204 

Panje and Blom-Singer voice prostheses, primary vocal rehabilita- 
tion using, 458 

Papilloma, laryngeal, treatment with carbon dioxide laser and 
podophyllum, 425 
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Papillomatosis, juvenile laryngeal, leukocyte interferon use in, 
431 
Paralysis, abductor vocal cord, congenital hereditary bilateral, 


Familial laryngeal abductor, and presumed autosomal dom- 
inant inheritance, 323 
Laryngeal, endoscopic rehabilitation of airway in, 382 
In children, 417 
Seventh nerve, biofeedback rehabilitation in, 166 
Vocal cord, observations on so-called idiopathic, 558 
Parkinson’s disease, vocal symptoms in levodopa-treated, 119 
Parotid gland, human, collagenase activity in squamous cell car- 
cinoma of, 156 
Patency, functional, and cochlear aqueduct, 209 
Pathology consultation: malignant mixed tumor, 342 
Metastatic patterns of salivary gland neoplasms, 465 
Midfacial necrotizing diseases, 541 
Pediatric tracheostomy, 628 
Pedicle, myovascular, and revascularization of skin (animal 
model), 53 
Nerve-muscle, reinnervation in larynx, 440 
Pemphigoid, benign mucous membrane, 142 
Periapical abscess, and intracranial complications of sinusitis in 
children, 41 
Peripheral blood, humoral and cell-mediated immunity following 
introduction of antigen into middle ear, 70 
Photography, telescopic, of larynx in office, 354 
Phototherapy, hematoporphyrin-derivative, for treatment of cam- 
cer of tracheobronchial tree, 652 
Podophyllum and carbon dioxide laser, treatment of laryngeal 
papilloma with, 425 
Polyposis, nasal and paranasal sinus, hypertelorism in (X-ray 
study of the month), 344 
Polyps, vocal cord, pathogenesis of, 378 
Polytomography, and congenital anomalies of ear, 480 
Probe, malleus handle, middle ear and, 281 
Propylhexedrine, nasal decongestant effect of, 106 
Prosthesis, auditory, neural mechanisms relevant to design: loca- 
tion and electrical characteristics, Suppl 98 
Cochlear, tissue impedance and current flow in implanted 
ear, Suppl 98 
Proteases, granulocyte, and middle ear effusions, 76 
Pterygomaxillary tumors, extended transantral approach to, 395 


Receptors, presynaptic parasympathetic, evidence on nasal 
blood vessels, 216 

Reovirus, viremic spread (in hamster) to eighth nerve ganglion 
cells and experimental viral infections in middle ear, 90 

Research goals and methods in otolaryngology, first national con- 
ference on, Suppl 100 

Resorption, bone, in human cholesteatomas, 131 

Respiratory rehabilitation with transtracheal oxygen system, 643 

Rhabdomyosarcoma of nasopharynx (X-ray study of the month), 
230 

Rhinitis, chronic allergic, oxatomide in treatment of, 175 

Round fistula and oval window fistula, simultaneous, in child, 


332 


Saccule, collapsed, ductus reuniens and cochlear hydrops, 5 

Salivary gland neoplasms, metastatic patterns of, 465 

Sarcoidosis, laryngeal, 359 

Schwannoma of larynx, intrinsic malignant, 336 

Schwannomas, paranasal sinus, management of, 65 

Semicircular canal structure, postnatal development in cat and 

guinea pig, 185 

Senturia, Ben H. Dedication, 1: In Memoriam, 349; Tribute, 350 

Seventh nerve paralysis, use of biofeedback rehabilitation in, 166 

Sleep apnea, adult, brainstem evoked potentials in, 597 
Obstructive, anatomic abnormalities in, 595 

Sinus, maxillary, bacteriology in rhesus monkeys, 150 
Paranasal, schwannommas of, 65 


Sinusitis, chranic and tissue plasminogen activator from para- 
nasal mucous membrane, 101 
Intracramal complications in children with periapical ab- 
scess, 4il 
Speech and lenguage development in parent-infant total com- 
munication program, Suppl 97:62 
Sphenoid, aneurysmal bone cyst of, in child, 339 
Squamous eel carcinoma of human parotid gland, collagenase 
activity in, 156 
Squirrel monkey, vestibular ganglion of, 44 
Stapedectomy, long-term report, 516 
Stapedotomy-. argon laser, 25 
Stapes, artificial, hair-clip type piston and safety auger, 297 
Stenosis, laryageal and tracheal, success or failure in endoscopic 
managemeat of, 384 
Severe subglottic, treatment without tracheotomy, 407 
Tracheostomal, following total laryngectomy, 450 
Subcertification in otolaryngology-head and neck surgery, 352 
Subcortical dysfunction, and brainstem and cortical dysfunction, 
in dyslexic children, 310 
Subglottic stenosis, severe, treatment without tracheotomy, 407 
Subglottis and upper portion of trachea, Wegener’s granuloma- 
tosis of, 56 
Supraglottic laryngeal surgery, factors in successful deglutition 
following, 579 
Syndreme, gant apical air cell, 237 


Telescopic pactography of larynx in office, 354 
Temporal bane, infratemporal fossa approach for glomus tumors 
of, 474 
Mucormycosis, 27 
Review and manifestations of fibrous dysplasia in, Suppl 92 
Tetracycline bone labeling using incident fluorescence, 160 
Thyroid careinoma, laryngotracheal invasion by, 363 
Tinnitus, coaditioned middle ear muscle, 330 
Tissue plasminogen activator and paranasal mucous membrane, 
characterstics in chronic sinusitis, 101 
Tomograph~, computed, air-contrast scanning of internal audi- 
tory canal, 501 
Computed, of neck, Suppl 99 
Computerized, laryngeal malignancies and, correlation of 
tomagraphic and histopathologic findings, 571 
Dynamic computed, evaluation of hindbrain circulation by, 
506 
Tongue, anverior, carcinoma of, 94 
Tonsillar crypts, microcrypt extensions of, Suppl 94 
Total communication program, parent-infant, speech and lan- 
guage development in, Suppl 97:62 
Trachea, upper portion, and subglottis, Wegener's granuloma- 
tosis of, 388 
Wegerer’s granulomatosis appearing initially in, 593 
Tracheal aad laryngeal stenosis, endoscopic management and 
predictive factors of success or failure in, 384 
Tracheobrenchial obstruction from metastatic distant malignan- 
cies, 648 
Tracheobrenchial tree, cancer of, hematoporphyrin-derivative 
phototherapy for local treatment, 652 
Tracheoesoohageal fistula, a complication of foreign body, 325 
Tracheostoma valve, postlaryngectomy voice rehabilitation with, 
576 
Tracheostomal stenosis following total laryngectomy, 450 
Tracheostomy, pediatric, experience during past decade, 628 
Tracheotoray, infant, 413 
Treatment of severe subglottic stenosis without, 407 
Tracheotory patient, pediatric, home care of, 633 
Transtracheal oxygen system, respiratory rehabilitation with, 643 
Trauma, leryngeal, primary management of, 399 


Tumor, malignant mixed (Pathology consultation), 342 
Wartkin’s, 246 
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Tumors, glomus, of temporal bone, infratem poral fossa approach 
for, 474 
Pterygomaxillary, extended transantral approach to, 395 
Turbinates, inferior nasal, surgery of, 445 
Typhoid fever and cochleovestibular lesions, 220 


Valve, tracheostoma, for postlaryngectomy voice rehabilitation, 
576 


Vaterite otoconia in otoconial membrane dysplasia, 193 

Ventilation, Venturi jet, dynamics through operating laryngo- 
scope, 615 

Venturi jet ventilation, dynamics through operating laryngo- 
scope, 615 

Vestibular aqueduct and endolymphatic sac, postnatal develop- 
ment of, Suppl 9 

Vestibular aqueduct and endolymphatic sac (rugose ortion) in 

uman temporal bones, dimensional anatomy aa. statistical 

analysis of, Saal 96 

ee compensation, harmonic acceleration tests as measure 
of, 489 

Vestibular ganglion in squirrel monkey, 44 

Vestibular nerve, behavior following labyrinthectemy, Suppl 
97:16 

Vestibular nerve section, unilateral, and binocular counter-roll- 
ing during sustained body tilt, 225 


Vestibular signs, central, anatomic specificity in posterior fossa le- 
sions, 510 

Vestibular subjective sensation and nystagmus responses during 
computerized harmonic acceleration tests, 493 

vo cord paralysis, congenital hereditary bilateral abductor, 


So-called idiopathic, observations on, 558 
Vocal cord polyps, pathogenesis of, 378 
Vocal rehabilitation, primary, use of Blom-Singer and Panje 
voice prostheses in, 458 
Voice disorders, functional, classification and approach to pa- 
tients with, 372 


Voice rehabilitation, postlaryngectomy, tracheostoma valve for, 
576 


Waldenström’s macroglobulinemia and bilateral middle ear car- 
cinomas, 299 

Warthin’s tumor, 246 

Wegener’s granulomatosis appearing initially in trachea, 593 

Wegener’s granulomatosis of subglottis and upper portion of tra- 
chea, 588 


X-ray study of the month: hypertelorism in nasal and paranasal 
sinus polyposis, 344 
Intracavernous internal carotid artery aneurysm, 543 
Rhabdomyosarcoma of nasopharynx, 230 


INSTRUCTIONS TO AUTHORS 


Send manuscripts by first class mail to Editor Brian F. Mc- 
Cabe, MD, Department of Otolaryngology-Head and Neck 
Surgery, University of Iowa Hospitals, Iowa City, IA 
52242. Original manuscripts which deal with clinical and 
scientific aspects of otolaryngology, bronchoesophagolo- 
gy, head and neck, maxillofacial and plastic surgery. 
audiology, speech pathology and related specialties will be 
considered for publication. It is understood that manu- 
scripts submitted for review have not been published. 


Papers are scheduled for publication in the order of ac- 
ceptance; however, manuscripts received in improper 
form require longer production time which may delay 
publication. 


The following instructions are in accord with Uniform Re- 
quirements for Manuscripts Submitted to Biomedical 
Journals.* 


COPYRIGHT. In compliance with the Copyright Revi- 
sion Act of 1976, all manuscripts must be accompanied by 
the following statement before they will be reviewed for 
publication: “In consideration of the Annals of Otology. 
Rhinology & Laryngology taking action in reviewing and 
editing my (our) submission the author(s) undersigned 
hereby transfer(s), assign(s) or otherwise convey(s) all 
copyright ownership to the Annals Publishing Company in 
the event such work is published in the Annals of Otology. 
Rhinology & Laryngology.” 


Written permission from both senior author and publisher 
must be provided to the Annals in order to republish 
materials copyrighted elsewhere. 


MANUSCRIPTS. Limit papers to a size that will make up 
to no more than six printed pages, figuring three double- 
spaced typewritten pages of text to one typeset page; see 
journal for estimating space required for references, illus- 
trations and tables. If a manuscript of slightly greater 
length is approved by the editor all typeset pages in excess 
of six will be charged to the author at the publisher's cost 
of $125 per page. Submit an original and two copies of the 
manuscript, typed on white bond paper with margins of at 
least 25mm (1 in), double-spaced throughout, including 
references, tables and legends. Begin each component on a 
new page in the following sequence: title page, abstract. 
text. acknowledgments, references, tables and legends. 
Number pages consecutively in the upper right corner, be- 
ginning with the title page. 


The author is responsible for all statements in the paper, as 
approved by the author on the copyedited galley proofs. 
and for the cost of authors’ alterations made after the 
paper is set in type. 


Title page must include 1) a concise but informative title. 
worded to facilitate indexing; 2) an abbreviated form af 
the title. to be used as a running head; 3) authors’ names 
and no more than two academic degrees; 4) department(s 
and institution(s) to which work should be attributed, not- 
ing authors’ affiliations; 5) statement of grant or other sup- 
port; 6) name and address of author to whom reprint re- 
quests should be sent; and 7) name, address and telephone 
number of author handling correspondence and proofs. 


Abstracts should contain not more than 150 words and 
should state the purposes of the study, primary pro- 
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cedures, mein findings and principal conclusions, em- 
phasizing new and important aspects of the investigation. 


References should be numbered consecutively in the order 
in which they are first mentioned, cited in the text in 
arabic numerals and may not exceed 30 in number. Use 
the style of references given in Uniform Requirements. * 
Include in tke reference list manuscripts accepted but not 
yet published: designate the journal followed by “in press” 
in parentheses. Manuscripts submitted but not yet ac- 
cepted shoud be referred to as “unpublished data” in 
parentheses n the text. Primary references only should be 
used and must be verified by the author(s) against the orig- 
inal documents. Examples of correct forms of references 
can be found in current issues of the Annals. 


Tables should be on separate sheets, numbered con- 
secutively, each headed by a concise title. Place ex- 
planatory matter in footnotes. Tables are adjuncts to the 
text and sheuld not repeat material already presented. 
Limit the namber of tables so that the relation between 
tables and text preserves the balance found in the journal, 
ie. no more ‘han four small or two large tables per typeset 
page. The cost of setting tables will be charged to the 
author. 


Illustrations must be submitted in three complete sets, un- 
mounted. Cnly professional-quality glossy photographs 
and black and white line drawings are acceptable. Let- 
ters. numbers and symbols should be clear and even 
throughout, and of sufficient size that when reduced for 
publication. each item is still legible. Titles and detailed 
explanation: of illustrations must be listed on a separate 
sheet, not oa the illustrations themselves. Affix a label on 
the reverse ef each illustration indicating figure number, 
authors’ names and top of the figure. For radiographs, 
photomicrographs, CT scans, etc, give indications for 
maximum c-opping and reduction on an overlay or xerox 
copy. Cite each figure in the text in consecutive order. 
Written permission from subjects is required for identifi- 
able photog-aphs of individuals. The cost of preparing il- 
lustrations for production is charged to the author. Color 
illustrations are acceptable for publication; cost estimates 
for color separations and printing will be provided upon 
request. 


ABBREVIATIONS, MEASUREMENTS AND NOMEN- 
CLATURE. Use standard abbreviations given in Uniform 
Requiremen®s.* All measurements must be expressed in 
metric terms; if original measurements were made in 
another system, these may be included in parentheses. 
Audiograms must be plotted according to ISO standards. 
Generic naraes should be used whenever possible. 


SUPPLEMENTS. A manuscript too long for inclusion in 
the Annals may be published as a supplement if approved 
by the editcr. All costs must be borne by the author; esti- 
mates of ccst are provided upon request. Supplements 
have the advantages of separate identification and rapid 
publication. 


REPRINTS. Rates are quoted when proofs are sent. Or- 
ders must be signed by the author and returned with the 
proofs. 


*Ann Intern Med 1982; 96 (Part 1): 766-71. 






THIRD INTERNATIONAL SYMPOSIUM 
RECENT ADVANCES IN OTITIS 
MEDIA WITH EFFUSION 











May 17-20, 1983 
Bahia Mar Hotel, Fort Lauderdale, Florida 


The purpose of this symposium is to update informa- 
tion and important new concepts on otitis media 
with effusion, or serous (secretory) otitis media. The 
topics discussed will be definition, classification, 
epidemiology, etiology, pathogenesis. pathology, 
microbiology, immunology, diagnosis, mass screen- 
ing, medical management, surgical management, 
prevention, and outcome. There will be over 80 out- 
standing speakers and panelists from the US and 
abroad. 










Sponsor: Ohio State University Center for Continu- 
ing Medical Education. 






Host: Department of Otolaryngology. OSU College 


of Medicine (Chairman: William H. Saunders, MD). 


Program Committee: Charles D. Bluestone, MD: 
Jerome O. Klein, MD; David J. Lim, MD; John D. 
Nelson, MD. 


Registration Fee: $250 (Residents: $180) 


For further information write: David J. Lim, MD, 
4331 University Hospitals Clinic, 456 Clinic Drive, 
Columbus, OH 43210. 











A153 





ANNALS OF OTOLOGY. 
RHINOLOGY & LARYNGOLOGY 


ANNALS OF HEAD AND NECK MEDICINE 





AND SURGERY 





CHANGE OF ADDRESS 






It is essential that al] address changes be 
received within 45 days prior to the ef- 
fective date. This will insure that your 
subscription will be received without in- 
terruption. Send old and new addresses 
as early as possible to: 








Annals Publishing Company 
4949 Forest Park Boulevard 
St. Louis, MO 63108 
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FLORIDA MIDWINTER 
SEMINAR IN 
OTOLARYNGOLOGY 
February 17-19, 1983 


Hyatt Hotel 
Palm Beach, Florida 


OTOLARYNGOLOGY — HEAD AND 
NECK SURGERY UPDATE 


Faculty 


Lauren Bartels, MD; Nelson Catellano. MD; James En- 


dicott, MD — University of South Florida (Tampa) 


Nicolas Cassisi, MD; Richard Farrior, MD — University 


of Florida (Gainesville) 


J. Ryan Chandler, MD; Gerald Goodwin. MD; Robert 
Harrison, MD; Anthony J. Maniglia, MD — University of 


Miami 


Charles J. Krause, MD — University of Michigan (Ann Ar- 


bor) 
Lloyd Storrs, MD — Lubbock. Texas 


Cosponsored bv the University of Florida College of Medicine 
y of Medicine 
(Miami), and the University of South Florida College of Medicine 


(Gainesville), the University” of Miami School of 


(Tampa). 
Registration Fee: 
$250 - Practitioners 
$100 - Residents with application from Department Head 


Mail registration fee payable to “Florida Midwinter Seminar,” 405 


Northeast 144th Street. Miami, FL 33161. 


special reduced rates have been arranged with the Hyatt Hotel, 
6 


0 Clearwater Park Road. West Palm Beach, FL 33401. 
AMA CME Category I Credit 


SS DIRECTOR. 
DEPARTMENT OF 
OTOLARYNGOLOGY 


(2 


$= 567-bed teaching hospital affiliated with State 
ss University of New York, Downstate Medical Cen- 


se ter, is seeking a Full Time (Geographic) Director 
S for its Department of Otolaryngology. This position 
# requires an outstanding Clinician who is Board cer- 
% tified in this speciality, has proven ability as a: 
ss teacher and administrator, and would 
$s academic rank at the Medical School. 


Please send C.V. and correspondence to: 
Chairman, Search Committee 
Office of the President 


THE LONG ISLAND 


Brooklyn, New York 11201 
An Equal Opportunity Employer M/F 
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| the 
Blom-Singer * 
Tracheostoma Valve* 


The Blom-Singer™ Tracheostoma Valve is designed to eliminate the 
need to manually close off the tracheostoma with a finger during 
speech production by laryngectomized persons who have undergone 
various types of surgical-fistula voice restoration procedures. The 
valve assembly (a) fits into a flexible circular housing (b) designed to be 
attached to the skin area surrounding the tracheostoma with non- 
irritating adhesive. When positioned over the tracheostoma the valve 
diaphragm (c) remains in a fully open position during quiet breathing 
and routine physical activity. For speech a slight increase in exhalation 
causes the valve diaphragm to close and divert air to the throat. The 
valve automatically reopens when exhalation decreases at the com- 
pletion of a single speech utterance. The arch shaped cross bar (d) 
prevents clothing from being drawn into the face plate of the valve 
assembly. 


For more information call or write: 
BIVONA SURGICAL INSTRUMENTS, INC. 
designed by: 5700 W. 23rd Avenue 
Eric D. Blom, PhD. Gary, Indiana 46406 
Mark I. Singer, M.D. U.S.A. 
LELET ele) tem are LE Lar (219) 989-9150 Telex 27-6107 








OTOLARYNGOLOGIST 
OPPORTUNITY 


Challenging opportunity with 14-physician 
multi-specialty clinic in progressive community 


(population 19,000) 100 miles from St. Louis, Mis- 


POSITION AVAILABLE souri. Potential service area of 100,000; large refer- 
OTOLARYNGOLOGIST ral base established. 


Guaranteed income first two years with incentive 
Albemarle, North Carolina tag a ` ° l 
built in for additional income. Excellent fringe ben- 





A great place to live, lay, and practice mecicine, ii 3 
ibe a joniniai 42 miles northwest of cia with opportunity to buy into aiii 
Charlotte. Cout has population base of 48,000 Two fully accredited hospitals in community, ex- 
and has excellent living conditions, recreational cel_ent schools and recreational facilities. 
facilities, and educational systems. 

Community completed and occupied in the spring Contact 
of 1981 a new 130-bed, all private room, re a THE HANNIBAL CLINIC 
ment hospital with a 29-member medical sta rep- 711 Grand Ave. 
ce the penis ths ue family Pag internal Hannibal, MO 6340] 
medicine, urology, general surger ’, radiology, pedi- sie a 
atrics, obstetrics ee enoo A pathology. Sct Attn: Phillip B. Foreman, M 
almology, and orthopedic acd koni surgery. Richard N. Motley, Clinic Mgr. 


For further information send curriculum vitae to: (314) 221-5250 


Mr. Donald B. Logan, Stanly Memorial Hospital, 
Inc., P. O. Box 1489, Albemarle, NC 28001. A148 
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FIRST ANNUAL SURGICAL 


PROSTHETIC SPEECH REHABILITATION COURSE 


March 14-18, 1983 
Copper Mountain, Colorado 





Sponsored by the Department of Otolaryngology — Head and Neck Surgery, University of Iowa 
Co-Directors: William R. Panje, MD, and Robert M. Bumsted, MD 


Intensive didactic course in prosthetic-surgical-speech rehabilitation is offered for the otolaryngology- 
head and neck surgeon, prosthodontist. speech pathologist and nurse involved with speech rehabilita- 
tion of the laryngectomee and the velopharyngeal insufficiency patient. Surgical technique, speech 
therapy and nursing care of the laryngectomee having tracheoesophageal-prosthetic (voice button) 
voice restoration will be discussed in detail. Roundtable diseussion will be encouraged. 


Tuition: $250 Surgeons and dentists 
$150 Residents with letter from head of department 
$275 Surgeons and dentists with accompanying 
speech pathologist or nurse 
$ 75 Speech pathologists and nurses 


Contact: JoAnn Murdock, c/o William R. Panje, MD, Department of Otolaryngology-Head and Neck 
Surgery, University of Iowa Hospitals, lowa City, IA 52242. 


29 Hours — Category I Credit 
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Are you stuck? It frequently happens with a difficult case. 
You have a series of test results, but definitive information is 
missing. 

You can acquire missing information in many of your most 
difficult cases with the NICOLET PATHFINDER II. 
Comprehensive electrodiagnostic capability for evaluating 
sensory function, neural integrity, and cognitive processing ` 


is now available in a single top quality instrument. 4 
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Anything less than top quality evoked potential instrumentation can leave you stuc 
unreliable data and a backlog of patients waiting to be tested. The NICOLET 
PATHFINDER II provides complete, high-quality data faster. Cost effectiveness is increased 
because more patients can be tested each day. 


Anything less than top quality evoked potential instrumentation can leave you stuck with 
an inflexible system that quickly becomes obsolete. Flexibility is a major eature of the 
NICOLET PATHFINDER II. The modular design and software contro! gua-antee the long- 
life of the system. Extended life of the system means increased cost effectiveness. 





Anything less than a top quality manufacturer can leave you stuck with inadequate service, training, and 
applications support. Nicolet Biomedical guarantees customer satisfaction. Service and support are provided by 
our international network of offices. Our highly qualified applications staff provides on-site installation and 
training, workshops, seminars, and instructional material. At Nicolet Biomedical we do our best to stay the best. 


Return the reply card today to 

receive more information about the 

Nicolet Pathfinder Il and other 

Nicolet Biomedical Systems that can NECESSARY 
be tailored to your individual needs. If IF MAILED 
your need is immediate call Donald IN THE 
Erickson 608/273-5000 or 273-5001 UNITED STATES 


collect at our world headquarters in BUSINESS REPLY MAIL 


NO POSTAGE 








5225-4 Verona Rd. 
Madison, WI 53711-0287 





WHERE RESPONSIBILITY KEEPS 
PACE WITH TECHNOLOGY 


Madison, WI. There is a Nicolet E 
Biomedical office close by to serve eoo aa A a ir BE Sree te ee be ee 
you wherever you are in the world. 
aaa 
NICOLET 
aaa 
am BIOMEDICAL oe on re 
INSTRUMENTS Nicolet Bxomedical 
A NICOLET INSTRUMENT DIVISION P.O. Box 4287 Be Saree 
Sa ene 
pia E see 


Large Color 
Display 
Screen 


Interactive 
Cursor 
Readout 


ETS a DET e:| 
Reduction 


Memory > 

Groups hes =$, 
Storage AE 

Keyboard or A Waveform | 

Pushbutton r Positioning 


| oie Somatosensory 
Sixteen E a | Stimulator 
Independent 9 
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LATOR ACCESSORIES 


Microprocessor 
Controlled 
Visual 
Stimulation 


Flexible 
Electrode 
Switching 


Microprocessor 


Controlled 


Microprocessor 
Controlled 
Amplifiers 


Rang ; \ a 
Control | LD _ Microprocessor 


Digital 
Automated Hardcopy 
Protocols 


e Easy to Use e Modular design 
e Flexible guarantees long life 


[U PLEASE HAVE A SALES ENGINEER CALL 
[] PLEASE SEND PRICE INFORMATION 


PLEASE SEND DETAILS ON THE FOLLOWING PRODUCTS: 
L Nicolet CA-1000 — Evoked Potential System 

Q Nicolet Pathfinder IT — Electrodiagnostic System 

O Nicolet VTS-1000 — Visual Testing System 

O Nicolet MED-80 — Signal Analysis System 

L Nicolet 1170 — Signal Processor 


D PLEASE SEND A COPY OF EVOKED POTENTIALS 


IN CLINICAL PRACTICE'' 
_] PLEASE ADD MY NAME TO YOUR MAILING LIST 


NAME 

ae ee 
TITLE 

een i et, 


DEPT. 


INSTITUTION 


STREET STATE ——— ZIP ae eae ee 
PHONE NO COUNTRY 
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Controlled 
Auditory 


g Stimulator 


A 
Ld 
ij 
» 
- 
r, 
"yi 


e Comprehensive 
Capability 








NICOLET 

= BIOMEDICAL 
INSTRUMENTS 
A NICOLET INSTRUMENT DIVISION 


P.O. Box 4287 

5225-4 Verona Road 
Madison, WI 53711-0287 
(608) 273-5000/273-5001 
TWX 910-286-2711 


WHERE RESPONSIBILITY 
KEEPS PACE WITH 
TECHNOLOGY 











TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 
Malcolm D. Graham, MD, Course Director 


Jan. 10-14, 1983; March 14-18, 1983: 
April 25-29, 1983; May 9-13, 1983; 
June 13-17, 1983; June 20-24, 1983; 
Sept. 12-16, 1983; Sept. 26-30, 1983; 

Oct. 31-Nov. 4, 1983; Nov. 14-18, 1983 



















Intensive one-week courses emphasize the surgical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otologic 
surgeon, utilizing lectures, videotape presentations 
of surgical techniques and temporal bone dissection. 


Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experience in 
both temporal bone anatomy and surgical tech- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, blending basic 
science and clinical otologic instruction. Dissection 
instruments will be provided. 
FEE — $1000 
50 Hours Category I CME Credits 


For further information contact: Malcolm D. Graham, 
MD, Dept. of Otorhinolaryngology, University of 
Michigan Medical Center, Ann Arbor. MI 48109, (313) 
764-4131 or (313) 764-8110. A45 















Robert Anderson, MD 
Dallas, Texas 
Byron Bailey, MD 
Galveston, Texas 
Orval Brown, MD 
Dallas, Texas 
Henry Carder, MD 
Dallas, Texas 















688-2166. 






LARYNGEAL MEDICINE AND SURGERY 
February 4-5, 1983 


The University of Texas Health Science Center at Dallas 
Department of Otorhinolaryngology 
Dallas, Texas 


The objective of this course is to integrate basic principles and knowledge in the field of Laryngeal 
Medicine and Surgery. Current controversies will be examined by experts in the field. Special considera- 
tion will be given to carcinoma; laser; prosthetic T-E fistula: fanctional and organic speech disorders. 


FACULTY 


Lanny Close, MD 
Dallas, Texas 
Frances Freeman, PhD 
Dallas, Texas 
George Gates, MD 
San Antonio, Texas 
Helmuth Goepfert. MD 
Houston, Texas 
Donnell Johns, PhD 
Dallas, Texas 


For complete brochure or further information: Division of Ccntinuing Education, The University of 
Texas Health Science Center at Dallas, 5323 Harry Hines Boulevard, Dallas, Texas 75235; (214) 














FELLOWS 
AND 
SENIOR RESIDENTS 


Private practice opportunities in otolaryn- 
gology are now available in Arkansas, © 
Missouri, Oklahoma and Louisiana. No 
fees involved. 


American Medical International, Inc. in- 
vites you to apply your specialty in the 
comm inities we serve. 


Please direct inquiries at your convenience 
to: 





AMI 
Director: Mid-Continent Region 
397 North Belt East, Suite 400 
Houston, TX 77060 


AMI 






Site visits will be arranged 
through June 1983 by our 
Medical Staff Develop- 
ment group. 













Douglas Mattox, MD 
San Antonio, Texas 


Marie Merkel, MD 
Dallas, Texas 


William Meyerhoff, MD, PhD 
Dallas, Texas 


Steven Schaefer, MD 
Dallas, Texas 
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Transderm-Scop is a small flexible 
system of membranes worn behind 
the ear. It contains scopolamine — 
one of the most effective prophylactic 
agents for exposure to severe mo- 
tion. Scopolamine is thought to block 
vagal impulses in the vestibular ap- 
paratus — the origin of motion 
sickness. 





Although oral doses of scopolamine 
often cause well-known troublesome 
side effects the small amount in 
‘ransderm-Scop usually does not. 
Minor side effects such as a dry 
mouth occur in about two out of three 
people. A less frequent side effect is 
drowsiness, occurring in about one 
out of six people. 














Transderm-Scop is programmed to 
deliver just 0.5 mg scopolamine over 
a /2-hour period... the same 
amount of drug usually given ina 
single minimal oral dose. 


Please turn page for Prescribing 
Information. 








scopolamine 


Formerly Transderm-V 


Incidence of nausea 
reduced 7590 CIBA 





Formerly Transderm-V 


® 


Transderm 


SCcOp 





SCopolamine 





Transderm*-Scop 


(formerly Tansderm -V) 
scopolamine 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg scopolamine 
over 3 days 


Description The Transderm-S 2p scopolamine system is a 
circular flat unit designed for continuous release of scopola- 
mine followirg application to an area of intact skin on the 
head. behinc the ear. Clinical evaluation has demonstrated 
that the system provides effective ant emetic and antinause- 
ant actions when tested against moti N-SICKNESS Stimul in 
adults 

The Transde m-Scop system is a 0.2-mm thick film with four 
layers. Proceeding from the visible surface tow ards the sur- 
face attached to the skin these layers are: 1) a bac king layer 
of tan-colored 
of scopolamme, mineral oil. and polyisobutylene: 3) a micro- 
porous polypropylene membrane that controls the rate of 
delivery of scopolamine from the system to the skin surface 
and 4) an adyesive formulation of mineral oi polyisobuty- 
‘ene, and scopolamine. Prior to use. a protective peel strip of 
Siliconized pelyester which covers | iyer 4 is removed 

The mineral ail (12.4 mg) and polyisobutylene (11.4 mg) inac- 
live components are not released from the system 
Release-Raw Concept: The Tr ansderm-Scop system. 2.5 
cm In area, contains 1.5 mg scopolamine. The system Is pro- 
grammed to Jeliver 0.5 mg scopolamine. at an approximately 
constant rate to the systemic circulation. over the 3-day life- 
time of the system. An initial priming dose of scopolamine 
released from the adhesive layer of the system. saturates the 
Skin binding sites for scopolamine and rapidly Drings the 
plasma concentration to the required steady-state level. The 
continuous controlled release of sc Jpolamine that flows from 
the drug reservoir through the rate-controlling membrane 
then maintains the plasma level í onstant 

Clinical Pharmacology The formulation of the Transderm- 
Scop syster contains as its sole active agent the drug sco- 
polamine. a belladonna alkaloid with wel -known pharmaco- 
logical properties. The drug has a long history of oral and 
parenteral use for central antichi NINErgic activity including 
prophylaxis cf motion sic kness. This formulation provides for 
a gradual release of scopolamine from an achesive matrix of 
mineral oil and polyisobutylene applied to the postauricular 
skin 

Clinical Results. The Transderm-Scop system provides 
antiemetic protection within several hours fol WING applica- 
tion of the system behind the ear Ir 195 adult subjec ts of dif- 
ferent racial origins whc Participated in clinical efficacy 
Studies at sea or in a controlled motii 


aluminized polyester film; 2) a drug reservoir 


n environment. there 
was a 75°o reduction in the incidence of motion-induced nau- 
sea and vom ting The Transderm-Scap system provided 
significantly creater protection than th it Obtained with ora 
dimenhydr nate 

Indications and Usage The Transderm-Scop system is ind 
cated for prevention of nausea and vc miting associated with 
Motion Sickness in adults The system shi uld be applied only 
to skin in the postauricular area 

Contraindications The Transderm-Scop system should not 
be used in patients with known hypersensitiv ty to scopola- 
mine or any ct the components of the adhesive matrix making 
up the therapeut system 

Warnings Tre Transderm-Scop system should not be used 
in children and should be used with special Caution in the 
elderly 

Since drowsiness. disorientation. and confusion may occur 
with the use cf scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dargerous machinery 

Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine 

Precautions Scopolamine should be used with Caution in 
patients with qlaucoma, pyloric obstruction. or urinary bladder 
neck obstructon. Caution should be exercised when adminis- 
tering an antiemetic or antimuscarinic drug tc patients sus- 
pected of hawng intestinal obstruction 

The Transdern-Scdp system should be used with special 
Caution in the-elderly or in individuals with impaired metabolic 
liver, or kidney functions, because of the increased likelihood 
of central ner sous system effects 

Information for Patients: Since scopolamine can Cause 
temporary dilation of the pupils and blurred vision if it comes 
in contact with the eyes. the patient should be strongly ad- 
vised to wast the hands thoroughly with soap and water im- 
mediately after handling the unit 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery 

Pregnancy: Fertility studies were performed in female rats 
and revealed no evidence of impaired fertility or harm to the 
fetus due to scopolamine hydrobromide administered by daily 
Subcutaneous injection. In the highest-dose group (plasma 
level approximately 500 times the level achieved in humans 
using a transdermal system), reduced maternal body weights 
were observed. Teratogenic studies were performed in preg- 
nant rats and rabbits with scopolamine hydrobromide by daily 
intravenous injection. No adverse effects were recorded in 


rats. In rabbits. the highest dose (plasma level approximately 
100 times the level achieved in humans using a transdermal 
system) of drug administered had a marginal embryotoxic ef- 
fect. Transderm-Scop should be used during pregnancy only 

f the anticipated benefit justifies the potential risk to the fetus 
Nursing Mothers: It is not known whether scopolamine is ex- 
creted in human milk. As a general rule nursing should not be 
undertaken while a patient is ona drug. since many drugs are 
excreted in human milk 

Usage in Children: Children are particularly susc eptible to 
the side effects of belladonna alkaloids. The Tr ansderm-Scop 
system should not be used in children bec ause itis not known 
whether this system will release an amount of s opolamine 
that could produce serious adverse effects in children 
Adverse Reactions The most frequent adverse reaction ti 
the Transderm-Scop system is dryness of the mouth. This 
SCcurs In about two thirds of the people. A less frequent ad- 
verse reaction is drowsiness. which occurs in less than one 
sixth of the people. Tr ansient impairment of eye accommi da- 
tion, including blurred vision and dilation of the pupils, is also 
observed. The following adverse reactions have also been re- 
ported on infrequent occasions Curing use of the Transderm- 
Scop system: disorientation memory disturbances: dizzı 
ness, restlessness; giddiness; hallucinations: confusion diffi- 
culty urinating: rashes and erythema and ary. itchy. or red 
eyes 

Overdosage O, erdosage with scopolamine may cause dis- 
orientation, memory disturbances restlessness, giddiness 
hallucinations. or confusion. Should these symptoms occur 
the Transderm-S¢ op system should be mmediately removed 
Appropriate Pparasympathomimetic therapy should be initiated 
if these symptoms are severe 

Dosage and Administration Adults. In tiation of Therapy 
One Transderm-Scop system (unit). programmed to deliver 
0.5 mg scopolamine over three days, should be applied to the 
hairless area behind one ear at least 4 hours before the antie- 
metic effect is required 

Handling: After applying the system on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
waler and dried. Upon removal of the system. it should be dis- 
carded, and the hands and application site washed thor- 
oughly with soap and water and dried. to prevent any traces 
of scopolamine from coming into direct contact with the eyes 
A patient brochure is available 

Continuation of Therapy: Shoulda system become dis- 
placed, it should be discarded. and a fresh system placed on 
the hairless area behind the other ear. If therapy is required 
tor longer than 72 hours. the first System should be discarded 
and a fresh system placed on the hairless area behind the 
other ear 

children: Children are Particularly susceptible to the side 
effects of belladonna alkaloids. The Transderm-Scop system 
should not be used in children because it iS not known 
whether this system will release an amount of scopolamine 
that could produce serious adverse cffe ts in children 

How Supplied 7; ansderm-Scop systems are available in 
2-unit blister packs — NDC 17314-4345-1. 

Storage and Handling The system should be stored at 
room temperature 

Caution Federal law prohibits dispensing without 
prescription 


CIBA Pharmaceutical Co 
Div. of CIBA-GEIGY Corp 
Summit, NJ 07901 


71-4342-1-2 5 82) 


CIBA 


T-Tube in 







may A 
step insert 





procedures 


T-tubes are easily 
inserted into this 
cannulated in- 
strument. The 
T-tube is first 
loaded into the 
instrument tip. 
By squeezing the 
handles together, 
the T-tube is : Fe 
pushed out of the o T tC ee 
inserter and into the tympanic membrane. 22 
The T-tube Inserter is made of satin 
finished stainless steel. 
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FIRST ANNUAL VAIL OTOLARYNGOLOGY CONFERENCE 


BETH ISRAEL 
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February 12 to 19, 1985 
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So ee 
A CONFERENCE SPONSORED BY BETH ISRAEL FOSPITAL, DENVER, COLORADO 


FACULTY 


CONFERENCE CHAIRMAN 

STEVEN M. SOBOL, M.D. 

Associate Professor 

Otolaryngology - Head and Neck Surgery 
University of Oklahoma Health Sciences Center 


CHARLES W. CUMMINGS, M.D. 

Professor and Chairman 

Otolaryngology - Head and Neck Surgery 
University of Washington 


KENNETH M. GRUNDFAST, M.D. 
Chairman 

Department of Otorhinolaryngology 
Children’s Hospital 

National Medical Center 


MICHAEL E. JOHNS, M.D. 

Professor and Director 

Head and Neck Oncology 

University of Virginia 

GORDON B. HUGHES, M.D. 

Clinical Staff - Section of Otology 

Department of Otolaryngology and 
Communicative Disorders 

The Cleveland Clinic 





Complete forms below, detach 
and mail with tuition to: 


First Annual Vail 
Otolaryngology Conference 


CONFERENCE REGISTRATION 
(please type or print) 


|| |  —— 


Address ————— 


CT aces IEE. Zip 


Phone: ( Joffice home 


Medical Specialty —————— —<$$AAAAAAAAAA A 


TUITION (please circle amount enclosed): 

General: $320.00 

Residents (with letter from training director) and Allied Health 
Professionals (nurses, technicians, etc.): $210.00 


CHECKS PAYABLE IN U.S. CURRENCY TO: Vail Otolaryngology 
Conference. Full refund, less a $20.00 service charge, will be 
made if WRITTEN notice of cancellation is postmarked no later 
than January 31, 1983. We are sorry that we cannot accept 
telephone cancellations. 


CREDIT 

22 Hours 

e AMA Category 1 

@ AAFP Prescribed 

è Colorado Nurses’ Association 





As an organization accredited for continuing medical 
education Beth Israel Hospital certifies that this con- 
tinuing medical education offering meets the criteria 
for 22 hours in Category 1 of the Physician's Recogni- 
tion Aware of the American Medical Association, pro- 
videc it is used and completed as designed. This pro- 
gram has Deen reviewed and is acceptable for 22 Pre- 
scribed hcurs by the American Academy of Family Phy- 
siciams and 22 contact hours by the Colorado Nurses’ 
Association (Agency #395-A). 


VAIL OTOLARYNGOLOGY CONFERENCE 


First Annual Vail 
Otolaryngology Conference 


HOUSING REQUEST 


(must accompany registration form and tuition payment) 





Name co 
Address —— — —— 
City State Zip 

Phone: ( )office home 

No. @e Aduls No. & Ages of Children 





SPECIAL H@USING REQUESTS (e.g., specific lodge, kitchen, 
number of -ooms, etc.). Every effort will be made to fill spe- 
cial reques on a first come, first served basis. 


OO 


nner re 


Arrival Date Departure Date 


(recommended 2-12-83) (recommended 2-19-85) 


7-day stay preferred, Saturday-to-Saturday. 










POSITION 
AVAILABLE 









OTOLARYNGOLOGIST 





Join a progressive multispecialty group of 
40+ physicians. Pleasant, growing communi- 
ty; many outdoor recreational opportunities; 
high quality of life. Referral area: 150,000. 
Liberal financial benefits. 









Send curriculum vitae to: 


J. P. Merickel, MD 
101 Willmar Avenue 
Willmar, MN 56201 












POSITION 
AVAILABLE 






OTOLARYNGOLOGIST 







Multispecialty group seeks fifth oto- 
laryngologist to provide maxillofacial, 
neuro-otological and head and neck 
surgery. 









Send curriculum vitae to: 
Victor S. Ejercito, MD 
Marshfield Clinic 
1000 North Oak Avenue 
Marshfield, WI 54449 
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One of its most im ressive features 
is the Grason-Stadler la 


small suggestio 
technology. ” 

Before you select a microprocessor- 
based audiometer, look at the reputa- 
tion of the people who build it. 

For example, ask audiologists and 
otologists about Grason-Stadler audio- 
meters. For years, we've built instruments 
with great diagnostic capability and 
unfailing reliability. 

The GSI 10 microprocessor-based 
audiometer is our latest and most 
powerful. 





ITLL KEEP GOING. 




























* A runnin 
testing. 
- Phone/speaker selection for 
hearing aid evaluation in a sound 
field. 
e Auxiliary intercom for test room 
assistant 
There's more. Get our GS! 10 5ro- 
chure for a complete listing. 


Time is money. 

When an audiometer breaks down, 
patient scheduling backs up. Expensive 
personnel are left sitting around. A busy 
clinic needs its audiometer on line 
every day. 

With Grason-Stadler, you never 
need to worry. Our audiometers have 
a reputation for being dependable and 
trouble-free. 

Ask our customers. 



















IT'S EASY TOWSE. 














Watch yourpatient 
and let your fimgers 
do the walking. 
Frequency, intensity, 
present stimu us and 
other “test execute” 
knobs and built-in 
detent, you c& even 
increase stimulus 


THERE’S 33 SERVICE CENTERS 
NATION-WIDE. 


The GSI 10 features modular 
(PC board) construction and an easy 
troubleshooting routine. Should your 
GSI 10 microprocessor-based audiom- 
eter fail, we can have it back in 
operation within 48 hours. 










IT’S A COMPLETE 
DIAGNOSTIC 
-ABORATORY 


The GSI 10 offers 
all of the capability of 
our 1701 and a whole 
lot more. Here's just 
a few of its new 




























functions. intensity without looking at the H_ 
- Automated Hughson-Westlake dial. ZEA ERATE DEMONSTRATION, 
procedure. And should you ever need to Dok, See the GSI 10 for yourself. For a 


e Masking Level Difference (MLD). 
. Tone and masking intensity tracking. 
- Dual frequency for MLB tests. 


demonstration, contact Grason-Stadler, 
Inc., 537 Great Road, Littleton, MA 01460, 
(617) 486-3514. 


Grason-stadle; Inc. 


frequency and intensity LED disrlay 
are at the top of the instrument, nght 
at eye level. 
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Vive la Différence! 


In the treatment 
of otitis externa 
be sure 
to specify: 


La 
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CORTISPORIN 





Otic Solution sterile 


~(POLYMYXIN B-NEOMYCIN- 


HYDROCORTISONE) 





Otic Suspension sterile _ 
(POLYMYXIN B-NEOMYCIN- _ 
HYDROCORTISONE) 





Economical broad-spectrum bactericidal 


CORTISPORIN” OTIC SUSPENSION Sterile 
cortisone) 
DESCRIPTION Each cc contains: 


(Polymyxin B-Neonycin-Hydro- 


Aerosporin® (Polymyxin B Sulfate)... . . ae = 10,000 units 
Neomycin sulfate (equivalent to 3.5 mg neomycin base). 5 mg 
Hydrocortisone 10 mg (1%) 


The vehicle contains the inactive ingredients cetyl alcohol, propylene glycol, 
polysorbate 80, water for injection and thimerosal (preservative) C.01%. 
INDICATIONS: For the treatment of superficial bacterial infections of the ex- 
ternal auditory canal caused by organisms susceptible to the actien of the anti- 
biotics, and for the treatment of infections of mastoidectomy and fenestration 
cavities caused by organisms susceptible to the antibiotics 
PRECAUTIONS: This drug should be used with care in cases of perforated 
eardrum and in long-standing cases of chronic otitis media because of the possi- 
bility of ototoxicity caused by neomycin. 

CORTISPORIN® OTIC SOLUTION Sterile (Polymyxin B-Neomycin-H vdrocortisone) 
DESCRIPTION: Each cc contains: 


Aerosporin” (Polymyxin B Sulfate). 10,000 units 

Neomycin sulfate , 5 mg 
(equivalent to 3.5 mg neomycin base) 

Hydrocortisone 10 mg (1%) 


The vehicle contains the inactive ingredients cupric sulfate, glycerin, hydro- 
chloric acid, propylene glycol, water for injection and potassium metabisulfite 
(preservative) 0.1%. 

INDICATIONS: For the treatment of superficial bacterial infections of the external 
auditory canal caused by organisms susceptible to the action of the antibiotics 
PRECAUTIONS: This drug should be used with care when 
the integrity of the tympanic membrane is in question be- l 
cause of the possibility of ototoxicity caused by neomycin. j 
ADVERSE REACTIONS: Stinging and burning have been RK 
reported when this drug has gained access to the middle ear. as / 
ellcome 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 


CONTRAINDICATIONS, WARNINGS, PRECAUTIONS AND 
ADVERSE REACTIONS COMMON TO BOTH PRODUCTS 
CONTRA NDICATIONS: These products are contraindicated in those individuals 
who have shown hypersensitivity to any of the components, and in herpes 
simplex, vaccinia and varicella 
WARNINGS: As with other antibiotic preparations, prolonged treatment may 
result in overgrowth of nonsusceptible organisms and fungi. If the infection is 
not improved after one weex, cultures and susceptibility tests should be repeated 
to verify the identity of the organism and to determine whether therapy should 
be changed 

When using neomycin-containing products to control secondary infection in the 
chronic dermatoses, such as chronic otitis externa. it should be borne in mind that 
the skin in these conditions is more liable than is normal skin to become sensitized 
to many substances, including neomycin. The manifestation of sensitization to 
neomycin is usually a low grade reddening with swelling, dry scaling and itching; 
it may be manifest simply as a failure to heal During long-term use of neomycin- 
containing products, periodic examination for such SIGNS is advisable and the 
patient should be told to ciscontinue the product if they are observed. These 
symptoms regress quickly on withdrawing the medication Neomycin-containing 
applicaticns should be avo ded for that patient thereafter 
PRECAUTIONS: If sensitization or irritation occurs. medication should be dis- 
continued promptly. Patients who prefer to warm the medication before using 
should be cautioned agairst heating the solution above body temperature, in 
order to evoid loss of potency 

Treatment should not be continued for longer than ten days. Allergic cross- 
reactions may occur which could prevent the use of any or all of the following 
antibiotics for the treatment of future infections: kanamycin, 
paromomycin, streptomycin, and possibly gentamicin 
ADVERSE REACTIONS: Neomycin is a not uncommon 
cutaneous sensitizer. There are articles in the current litera- 
ture that indicate an increase in the prevalence of persons 
sensitive to neomycin 
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there is discrepancy between the CT and clinical 
findings. 

Thyroid. The role of CT in the evaluation of thy- 
roid nodules has been limited by the diagnostic ac- 
curacy achieved by isotopic and ultrasound evalua- 
tions. However, CT is helpful in defining the extent 
of tumors, evaluating mediastinal extension or 
nodal metastases from thyroid carcinoma, and in 
differentiating tracheal compression or transmural 
invasion by thyroid tumors. 


CONCLUSIONS 


Computed tomography is helpful in the evalua- 
tion of neck masses by documentation of tumor size, 
location and relationship to contiguous structures. 
It demonstrates routes of tumor-spread and pro- 


vides clues supporting a specific diagnosis. 
Thorongh knowledge of the normal cross-sectional 
anatomy and meticulous technique are mandatory. 
The examination should be customed according to 
the climieal presentation and specific questions. In- 
travenous contrast medium delineates vascular 
anatomy and should be given as a continuous infu- 
sion tc maintain higher iodine levels in plasma. 
Evaluction of adenopathy is improved by IV con- 
trast eahancement. 


Com puted tomography is a versatile and highly 
informative imaging procedure for the evaluation 
and staging of laryngeal, pharyngeal, parapharyn- 
geal, parotid and infratemporal fossa lesions. It is a 
helpfu adjunct in the management of thyroid and 
paratrachea. tumors. 
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Fig. 2. A,B) (Level 1) Upper naso- 
pharynx. Section demonstrates 
relationship of nasopharynx, 
prevertebral and pharyngeal mus- 
culature and anterior arch of C-1, 
and torus tubarius at opening of 
eustachian tube. Appearance of 
airway may be asymmetrical due 
to variable amounts of lymphoid 
tissue. Deep soft tissue planes in 
yarapharyngeal space should be 
symmetrical. Close relationship of 
lateral wall of nasopharynx to 
pterygomaxillary space and its 
neural and muscular elements 
clarifies basis for complex syn- 
dromes which arise from disease in 
this region. 





Nasopharynx 












Maxillary Antrum 
Int. Carotid A. 


Coronoid Process 


Temporalis M. Masseter M. 


Lat. Pterygoid M. 
Parotid Gland 


Mandibular 


Ext. Carotid A. Condyle 


Facial N. 











ff 


Styloid Process 


Int. Carotid A. 


IX Cranial Nerve Odontoid 


Styloid Process Post. Arch C1 


X, XI, XII Crarial Nerves 
Int. Jugular V. 


6 MARTINEZ ET AL 


Fig. 3. A,B) (Level 2) Lower nasopharynx, 
Infratemporal fossa is well seen. limited lat- 
erally by mandibular ramus and parotid 
gland and anteriorly by posterolateral walls 
of maxillary antrum. Notice medial exten- 
sion of deep lobe of parotid and its relation- 
ship with medial pterygoid muscle and ca- 
rotid sheath contents. External carotid artery 
is usually embedded in parotid gland at this 
level, just proximal to origin of internal max- 
lary artery. Low density (fatty) tissue is 
normally present between pharyngeal mus- 
culature and pterygoid muscles. 





Pterygoid Plates 






Med. Pterygoid 








andibular 
Ramus 


Maxillary Antrum 









Styloid Process 





Nasopharynx 


Masseter M. 





IX Cranial N. o 
ə 
Int. Carotid A. Lady XI Cranial N. 
Sup. Cervical Gang. ho a= 


Jugular V. 
XII Cranial N. HONAN 


y X Cranial N. 


A 70O 
Y Ext. Carotid A. 
a r 


; Retromandibular V. 
(Post. Facial V.) 
Sternocleidomastoid M. 


> Semispinalis M. and 


Splenius Capitis M. 


Mandibular Ramus ae 


Retromandibular V. 
Facial N. 


Parotid Gland dee ) 


B Body C2 


a 


COMPUTED TOMOGRAPHY GF NECK 


Fig. 4. A,B) (Level 3) Upper alve- 
olar ridge — soft palate. Oral cav- 
ity and isthmus of pharynx are 
seen. Midportion of parotid gland 
is usually of relatively low density 
(less than surrounding muscles and 
vascular structures) due to varia- 
ble amounts of fatty infiltration of 
parenchyma. Posterior facial vein 
is commonly visualized just poster- 
ior to mandibular ramus. Main 
trunk of facial nerve, although not 
visualized on CT images, is poster- 
ior to posterior facial vein. 
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Fig. 5. A,B) (Level 4) Oral cavity — uvula. 
Uvula appears in cross section as round 
structure in middle of oropharynx, sur- 
rounded by palatine tonsils and oropharyn- 
geal musculature (pharyngeal constrictor. 
palatoglossus and palatopharyngeus). Pos- 
terior belly of digastric muscle. an impor- 
tant anatomical landmark, is lateral to ca- 
rotid sheath and external carotid artery. 
Posterior facial vein becomes external jugu- 
lar vein after exiting parotid gland. 
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Fig. 6. A,B) (Level 5) Mandibular 
angle — submandibular gland. 
Oropharynx, base of tongue, and 
upper portion of submandibular 
da are well visualized at this 
level. Internal and external carot- 
id arteries and jugular veins are in 
close proximity to oropharynx. In- 
ferior-most portion of parotid gland 
is einer: from submandibular 
gland by stylomandibular liga- 
ment. Stylohyoid and digastric 
muscles separate carotid sheath 
structures from submandibular 
gland. Note that submandibular 
gland is usually denser than parot- 
id gland. 
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Fig. 7. A,B) (Level 6) Free border 
of epiglottis — superior horn of 
hyoid. Section demonstrates rela- 
tionship of submandibular gland 
to base of tongue and free border 
of epiglottis. Superior horn of hy- 
oid is adjacent to internal and ex- 
ternal carotid arteries. Suprahyoid 
group of muscles (stylohyoid, my- 
lohyoid, and geniohyoid) is vis- 
ualized as group. 
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Fig. 8. A,B) (Level 7) Valleculae — hy- 
popharynx. Valleculae, epiglottis and 
median glossoepiglottic fold are seen. 
Vallecular asymmetry is accounted for by 
secretions on right side. Vallecular spaces 
are best seen if scans are obtained while 
tongue is protruding. Fat layer deep to 
roe aE is regularly seen ir- 
respective of body habitus. M uscle defini- 
tion is dependent on intermuscular fat 
rather than on muscle size. Hyoid body is 
a useful reference structure. 
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Fig. 9. A,B) (Level 8) Hyoid body — carotid 
bifurcation. Preepiglottic space is well 
demonstrated due to low density (fat). Por- 
tion of aryepiglottic fold is seen laterally. 
Carotid bifurcates at this level in most in- 
dividuals. This section is at level of fourth or 
fifth cervical vertebral body. Note postero- 
lateral portion of jugular vein in relation to 
carotid bifurcation. Foramina for vertebral 
arteries can be visualized in favorable sec- 
tions. 
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Fig. 10. A,B) (Level 9) Thyroid notch 
— aryepiglottic folds. Thyroid 
alae are seen at level of thyroid 
notch. Pattern and extent of ossifi- 
cation of thyroid cartilage is varia- 
ble but usually symmetrical. Ary- 
epiglottic folds separate laryngeal 
vestibule from piriform sinuses. 
Common carotid artery and jugu- 
lar vein lie under sternocleidomas- 
toid posterolateral to thyroid 
lamina. 
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Fig. 11. A,B) (Level 10) Arytenoid 
cartilages — laryngeal vestibule. 
Upper portion of arytenoid carti- 
lages is present at posteroinferior 
aspect of aryepiglottic folds. Cor- 
niculate cartilages are very seldom 
calcified and cannot be identified 
within aryepiglottic fold. 
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Fig. 12. A,B) (Level 11) Vocal cords. 
True vocal cords are identified by 
close apposition of anterior com- 
missure to inner surface of thyroid 
cartilage. Uppermost portion of 
cricoid may be noted at this level. 
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Fig. 13. A,B) (Level 12) Subglot- 
tis. Mucosa of subglottis is closely 
applied to cricoid ring and thyroid 
cartilage. Cervical esophagus is 
posterior to posterior lamina of 
cricoid. Note relationship of cri- 
coid lamina, especially on left. to 
inferior cornu of thyroid cartilage. 
In children and young adults ca- 
rotid arteries and jugular veins 
may be difficult to separate from 
adjacent muscles unless rapid in- 
fusion of contrast material is em- 
ployed during examination. Nor- 
mal lymph nodes usually measure 
less than 1 cm in diameter. 


Inf. Horn Thyroid Cartilage 









Common Carotid A. 


Subglottic Space 


Thyrohyoid, Omohyoid oF 


cae 
and Sterno-hyoid Mm. AS 














Inferior Horn 
Thyroid Cartilage 


Esophagus 
Ant. Scalene M. 










Int. Jugular V. 


Sternocleidomastoid M. 


Longus Colli M. 


Deep Cervical V. Vertebral Body C7 


z, 


17 


COMPUTED TOMOGRAPHY OF NECK 
















Esophagus 
Common Carotid A. 


Ext. Jugular V. 


Superficial Cervical V. 


Middle and 
Post. Scalene 


Trapezius M. 
C8 Nerve Root 


Levator Scapulae 


Vertebral Body C7 €7-T1 Neural Foramen 


Fig. 14. A,B) (Level 13) Cricoid ring — laryngotrachea. Cricoid ring surrounds airway. Upper poles of thyroid gland are 
igh vescularity of thyroid gland and its high iodine content. 


readily identified due to their high density which is result of h 


18 


MARTINEZ ET AL 









Common Carotid A. Thyroid Isthmus 
Int. Jugular V. oS LIN Sternocleidomastoid M. 
Ant. Scalene M. LF : 
E a es, aE Esophagus 
Cervical N. f? "é A 
Middle and Post. ASKR 


Vagus N. 
Scalene Mm, 


Ext. Jugular V. 
Levator Scapulae M. 


Longus Colli M. | A 
Ist Rib 


Transverse Process Trapezius M, 


Vertebral Body T1 


Fig. 15. A,B) (Level 14) Aa trachea — thyroid isthmus. 
posterior to thyroid gland while jugular veins are 


Thyroid isthmus is seen anterior to trachea. Carotid arteries lie 
nocleidomastoid. Jugular veins are usually asymmetrica 


more laterally placed between anterior scalene muscles and ster- 
l, right being larger in most subjects. 
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Pathology 


oe Major salivary gland or thyroid 





Muscle and soft tissue 


Fig. 17. (Case 1) Metastatic papillary carcinoma of 
thyroid gland. Patient was 35-year-old man with 
past history of papillary carcinoma of thyroid pre- 
senting with right parapharyngeal mass. A) Level 3. 
Cystic mass, 2.5-cm, in right parapharyngeal space 
displaces styloid process anteriorly and laterally. B) 
Level 6. Lateral pharyngeal wall js distorted and 
right submandibular gland is displaced anteriorly. 
Relationship of cystic mass to carotid artery and 
jugular vein is demonstrated. Note tip of epiglottis. 
C) Drawing from level 6. Box - Density scanner. 
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Fig. 18. (Case 2) Adenopathy, Hodgkin’s disease. Pa- 
tient was 68-year-old man with two palpable masses in 
right parotid region. A) Dialogram. Displacement and 
distention of ducts suggests single intraparotid mass le- 
sion. B.C) Level 3. Two sharply defined masses are 
present in right parotid. Note clear visualization of 
yosterior facial vein within normal left parotid gland 
fewest two masses. Vein is clearly seen baraou study 
was done during contrast media infusion. 
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Fig. 19. (Case 3) Carcinoma of epiglottis and left parotid Warthin’s 
tumor. Patient was 53-year-old man admitted for eval ation of supra- 
glottic lesion. He had asymptomatic left parotid mass noted on physical 
examination. A) Laryngogram. Thickened epiglottis aad distortion of 
valleculae. B) Sialogram. Ductal displacement in lower portion of super- 
ficial lobe suggests intraparotid mass. C) Level 7. Thiczened epiglottis, 
obliteration of valleculae and infiltration of preepiglottic space. D) Level 
4. Sharply defined mass within left parotid gland. Mc derate fatty in- 
filtration of parenchyma accounts for low density of bot} parotid glands. 
Uvula and portion of soft palate separate oral cavity from oropharynx. 
E) Line drawing from level 4. 
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Fig. 20. (Case 4) Left sublingual gland cyst, ranula. Pa- 
tient was 26-year-old man with slowly enlarging left 
neck mass. A.B) Level 6. Cystic mass located between 
mylohyoid muscle and deformed left submandibular 
gland. Anterior portion of mass extends to floor of 
mouth. C) Level 8. Hyoid is displaced to right by lower 
portion of mass. 
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Fig. 21. (Case 5) Recurrent subglottic squamous carcinoma. Colloid cyst of thyroid. Patient was 
49-year-old woman with subglottic carcinoma treated with radiotherapy 5 years earlier, present- 
ing with wheezing and palpable lesien of left lobe of thyroid. A,B) Level 8. Soft tissue mass par- 
tially obliterates subglottic airway. Note well-defined soft tissue plane between cricoid and mass 
in left thyroid lobe. C) Pathology specimen. Laryngectomy and thyroidectomy were performed. 


Lesion of left subglottis and lesion of left lobe of thyroid are demonstrated. 
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Fig. 22. (Case 6) Lipoma. Pa 
A.B) Level 4. Sharply defined mass with ve 


semispinalis muscle and spe 


tient was 50-year-old man with mass in posterior neck. 
ry low density (fat), located between 


nius capitis muscle is visaalized. 
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Fig. 23. (Case 7) Lingual thyroid. Patient was 
39-year-old woman with lump in throat. A) 
Radiograph. Smooth mass in base of tongue 
displacing epiglottis posteriorly. B,C) Level 6. 
CT done without contrast. High density “mass” 
in base of tongue. Density of this lesion is same 
as that of normal thyroid tissue. result of high 
iodine content. Superior horns of hyoid are seen 
in either side of mass. 


Fig. 24. (Case 8) Chondrosarcoma 
of larynx. Patient was 76-year-old 
woman with 2-year history of pro- 
gressive airway obstruction. A,B) 
Level 13: July 25, 1980. Partially 
calcified subglottic mass arising 
from inner lamina of cricoid. Out- 
er lamina of cricoid cartilage ap- 
pears intact. C) Level 13; Nov 18, 
1980. Follow-up after partial laser 
excision of tumor. Clinical im- 
provement was corroborated by 
CT appearance. 
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Fig. 25. (Case 9) Carcinoma of thyroid with transmur 
extension. Patient was 48-year-old man 
goiter and stridor. A) Xeroradiograph. I 
with erosion of cricoid ring and narrowing of subglottic 
airway. B,C) Level 11. Large mass arising from right lobe 


of thyroid. Erosion of cricoid ring posteriorly and trans- 
mueal extension. 


al 
with enlarging 
„arge neck mass 
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Fig 26. (Case 10) Neurofibroma. Patient was 34-year-old man 
with palpable masses in upper and lower neck. A) Radiograph. 
Enlargement of C-2 to C-3 neural foramen on left. B) Level 15. 
Smell. well-defined mass anterior to scalene muscles minimally 
displacing left carotid artery and left jugular vein. Note asym- 
metry of jugular veins with very large right jugular vein, normal 
varant. C.D) Level 6. Large lobulated parapharyngeal mass. In- 
terral carotid artery is displaced daterally. Distortion of lateral 
pharyngeal wall on left. C-2 to C-3 neural foramen on left is 
enlerged, corresponding to radiographic finding. 
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Fig. 27. (Case 11) Carotid body tumor 
(glomus caroticum). Patient was 29-year- 
old man with slowly enlarging left neck 
mass who had history of previous opera- 
tion for glomus tympanicum. A,B) Level 
T. Sharply defined enhancing mass under 
seripeedonae i muscle displacing 
left submandibular gland anteriorly. Ca- 
rotid bifurcation is usually located at lev- 
el of hyoid cornu. C) Angiogram. Highly 
vascular mass is seen at carotid bifurca- 
tion. Multiple small feeders arising from 
proximal internal and external carotid 
arteries are demonstrated. 


Fig. 28. (Case 12) Squamous car- 
cinoma of left vocal cord. Patient 
was 62-year-old man with hoarse- 
ness. A,B) Level 11. Sections at 
level of vocal cords demonstrate 
irregular margin of enlarged left 
vocal cord. Note excellent defini- 
tion of laryngeal cartilages. C) 
Level 12. Normal subglottic re- 
gion 5 mm below vocal cords. 
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INTRODUCTION 


GEORGE A. GATES, MD, CONFERENCE CHAIRMAN 


The following report comprises the recommenda- 
tions of the eight writing groups which met im- 
mediately following the First National Conference 
on Research Goals and Methods in Otolaryngology 
held in Bethesda, Maryland, April 15-17, 1982. The 
writing groups consisted of speakers and other par- 
ticipants in the conference who were selected by the 
Planning Committee because of their active in- 
volvement in research and their commitment 
toward insuring that the future of research in 


otolaryngology will be bright. 


Because the conference was held for the purpose 
of reversing the decline in numbers of physician- 
investigators and clinically oriented research pro- 
jects in otolaryngology-head and neck surgery 
(OHNS), the Planning Committee felt strongly that 
positive steps should be taken without delay. The 
first step was obvious — to quickly distill the con- 
ference recommendations into a concise document 
suitable for wide dissemination. 


To facilitate the report, the subject matter of the 
conference was divided into eight areas: 1) Research 
Training for Residents; 2) Development of Research 
Careers for Young Faculty; 3) Research Funding: 4) 
Research Priority Areas; 5) Postdoctoral Research 
Training; 6) Research Facilitation; 7) Current Re- 
search Resources; and 8) What is the Responsibility 


of Otolaryngology to the National Institutes of 
Health? Although the reports overlap to a certain 
exten’, each provides a unique perspective on the 
subject as a whole as well as specific recommenda- 
tioms for improvement. 


It is hoped that this report will be of value to pro- 
gram directors in OHNS, deans of medical schools, 
research directors, legislators and their staffs and 
the National Institutes of Health (NIH) in helping 
to develop further the research efforts aimed at 
meeting the unsolved needs of patients with com- 
muniative disorders and other diseases of the head 
and neck regions. 


The conference was made possible because of the 
breac-based support of OHNS departments across 
the ceuntry, and grants from the American Acad- 
emy of Otolaryngology-Head and Neck Surgery, 
the American Council of Otolaryngology-Head and 
Neck Surgery, the American Laryngological Associ- 
ation the American Rhinologic Society, the Ameri- 
car Society for Head and Neck Surgery, the Associ- 
ation for Research in Otolaryngology, the Associa- 
tion cf Academic Departments of Otolaryngology, 
Beecham Laboratories, Burroughs Wellcome Com- 
pany. Eli Lilly and Company, the Society of Uni- 
versity Otolaryngologists and the National Insti- 
tutes of Health. 


RECOMMENDATIONS OF THE WRITING GROUPS 


1. RESEARCH TRAINING FOR RESIDENTS 


CHARLES W. CUMMINGS, MI?, CHAIRMAN 


BRUCE JAFEK, MD 
WILLIAM R. PANJE, MD 


INTRODUCTION 


The amount of research training for residents in 
otolaryngology-head and neck surgery (OHNS) 
varies widely from program to program, with ex- 
tremes from no research training to PhD-level pro- 
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grams. This paper reports a survey made by the Re- 
search Committee of the Society of University Oto- 
larvnzologists for this conference. Sixteen percent of 
the responding programs had no research experi- 
ence and 35% had a formal research rotation; but 
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the majority had some type of informal research ac- 
tivity. The structure and content of the resident re- 
search experience varied considerably. In general, 
sources of support were tied to existing projects, but 
in a few instances, departmental or private funds 
were available for the initiation of independent new 
projects. It may be concluded from this brief over- 
view that, at present, the status of resident research 
training and experience is inadequate to meet the 
needs of the profession. 


RATIONALE 


There is a general consensus among members of 
this writing group and program directors that re- 
search training for residents is desirable. The ra- 
tionale for such training is based upon the fo lowing 
assumptions: 1) it awakens the potential for sub- 
stantive academic growth by the development and 
use of critical reasoning and objective judgment; 2) 
it directly augments the resident's knowlecge and 
provides exposure to techniques of study, review, 
and knowledge-generation that will be valuable for 
a lifetime of continued study; 3) it fosters an ap- 
preciation for the effort required and the criteria 
for the pursuit of an academic investigative career; 
4) it provides experience in the use of -he ex- 
perimental method that will be valuable in the 
clinical as well as the laboratory setting; 5) it pro- 
vides insight into the intellectual environment 
necessary to foster an investigative group; and 6) it 
provides an introductory experience so that the resi- 
dent may be able to critically evaluate research 
papers in the literature and to learn to use construc- 
tive skepticism in evaluation of results. 


In the AMA Chicago Directory of Residency 
Training Programs for 1981/1982, the special re- 
quirements for residency training in otolaryngology 
state: 


Research offers an important opportunitw for 
the application of the basic sciences in clinical 
problems, and is an essential part of the pre- 
paration of the resident for a lifetime of self- 
education after the completion of formal train- 
ing. It is essential that the training program 
provide a meaningful research experience for 
the residents, sufficient to result in an aware- 
ness of the basic principles of study design, 
performance, analysis and reporting. The re- 
search experience may be clinical or basic in 
nature and should reflect careful advice and 
planning with the faculty. 


Thus, the Accreditation Council for Graduate 
Medical Education has mandated a substantial 
commitment to research in otolaryngology residen- 
cy training. 


STRUCTURE OF THE RESEARCH ROTATION 


One goal is that all*training programs have a 


well-formulated resident research rotation. The res- 
ident should receive a short-course introduction to 
research methods early in the training program fol- 
lowed by a period of independent study and review. 
Subsequently, time should be set aside for the com- 
pletion of a supervised project in the latter part of 
the training period with adequate time for data 
analysis and report writing. 

The steps that the resident should take in the 
development of a project are the traditional ones. 
Preliminary ideas and problems should be identi- 
fied and studied by the resident. In concert with a 
research advisor, the problem is then presented to a 
research committee within the department, com- 
prised of both basic science and clinical researchers. 
At this time, methods of research and funding are 
approached with respect to feasibility. A dedicated 
aliquot of time is spent by the resident on research, 
with guidance from his or her senior advisor. At the 
termination of this block of time the research data is 
collected and a report prepared. A manuscript should 
evolve of a high enough quality to pass the peer 
review process in a refereed journal. The program 
must be designed so that the residents’ efforts will 
be stimulated by peer group pressure for excellence. 


There should be an identified faculty member 
who is the director of research. There is no question 
that there needs to be a formalized mechanism of 
guidance on the part of the clinical and research 
faculty to introduce topics of research to the resi- 
dents. The mystique of research must be eliminated 
so that the performance of research is brought to a 
realistic level and a full appreciation of the rewards 
and frustrations of research may be gained by the 
residents at an early stage. We should introduce in- 
terdisciplinary collaboration to expand the poten- 
tial significance and attractiveness of research to 
our residents. 


IMPLEMENTATION 


Inasmuch as many programs have no apparent 
research experience the implementation of this goal 
may be difficult. In some programs there may be a 
negative attitude about resident research because it 
takes time away from clinical training, because of 
difficulties in funding, or because of the absence of 
qualified investigators to teach research methods. 
Undoubtedly there are programs with inadequate 
numbers of research personnel where an obligatory 
research rotation would impose an added burden on 
already compromised work loads. Appropriate steps 
should be taken to remove these deficiencies in such 
programs. 


Currently the absolute requisites for a successful 
residency research rotation are talented aggressive 
residents, willing experienced faculty, space, time, 
necessary research funding, and avoidance of un- 
achievable goals. The resident research experience 
must be kept realistic and not unduly taxing on 
either the resident or department. 


RESEARCH CAREERS FOR YOUNG FACULTY 9 


There are unanswered questions at this time with 
regard to research in otolaryngology-head and neck 
residencies. How much time is enough? Three 
months? Four months? Six months? Acknowledging 
that any practical amount of time is inadequate, 
how much is satisfactory to achieve the goal of ex- 
citing those intracranial centers assigned to the 
quest for knowledge? How do resident research ef- 
forts compare to those undertaken by committed 
researchers? They will usually come up far short, 
but with the guidance and overview of experts, the 
quality of resident research need not be second-rate. 
At what level should the resident be immersed in 


resear«h? Should it be at a clinical level? Should it 
be at a basic science level? The overview is that this 
shoulc be inclusive of both and not selective. 


CONCLUSION 


Research in the residency training process is not 
presumably to train the resident as a skilled re- 
searcher. Rather, it enhances the potential for seek- 
ing future research opportunities and growth. Solu- 
tions to funding, expansion of research horizons 
beyond topics predominantly otologic, and orches- 
tratioa of a uniform research experience during the 
residency are most achievable goals for the future. 


2. DEVELOPMENT OF RESEARCH CARFERS FOR YOUNG FACULTY 


ROBERT I. KOHUT, MD, CHAIRMAN 
Jonas T. JOHNSON, MD 


This committee agreed that a totality of com- 
bined elements was necessary for the proper devel- 
opment of young faculty research careers. These 
elements come both from the faculty member and 
the department/institution. The department/insti- 
tution provides a milieu, time, funding, and en- 
couragement. What must be provided by the young 
faculty member, if his or her research career is to 
thrive, are motivation, a special sense of values, and 
preparation. 


Motivation is the key element in the personal 
qualities of young faculty members. They must 
have an indefatigable enthusiasm, being motivated 
and excited by new findings. To have this requires a 
special sense of values that is inherent, not ac- 
quired. The satisfaction of new findings through re- 
search must surpass the desire for monetary re- 
wards. 


Preferably, they will have had previous research 
experience and will understand the principles of 
question identification, protocol development, sta- 
tistical analysis, and hypothesis testing, and wil. be 
skilled in writing. However, such experience is not 
gained sufficiently in a residency program and few 
current faculty applicants have had the opportunity 
to have postdoctoral research training. Therefore, 
the first few years of a young faculty member's 
career must be structured to incorporate research 
training commensurate with prior experience. Such 
training should be considered a strong investment in 
the future of the faculty members, the program and 
the specialty. Of course, as a clinician investigator, 
fully developed clinical abilities are assumed. 


The department/institution must provide other 
necessary elements. First, within the department 
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there must be an environment of intellectual curios- 
ity were research is a regular, ongoing activity in 
which faculty and students are intensely engaged. It 
must never be an isolated or token activity. The ex- 
citement of sharing research-related findings is con- 
tagioas, and stimulates similar activity. 


Just as faculty members and departmental re- 
sources are regularly available for clinical activities, 
so time and resources must be provided, with equal 
priority, for research activities. The time must be 
guarded by insuring adequate, not token, clinical 
coverage. It is often easy and psychologically re- 
warding to let clinical demands interrupt research 
activity. In these instances, the long-term goals of 
research are delayed and the satisfaction of an im- 
mediate clinical result substituted. Although young 
faculty must be gradually prepared for future ad- 
ministrative tasks, the responsibilities of committee 
werk and other administrative activities should 
never be so burdensome as to distract from the 
heavy investment of time needed for research. 


There is a negative attitude that may inhibit even 
well-designed institutional plans for research career 
development for the faculty. Ingrained in some phy- 
siciams’ minds is the feeling that time for research 
may be construed as a form of shirking of clinical 
responsibilities. If the role model of the young 
faculty, usually the departmental chairperson, en- 
dorses the importance of research, this negative at- 
tituce would fade, to the benefit of all. The mature 
mind readily accepts a balance of activity. Being 
too ective clinically may be an excuse to avoid more 
taxing research activity. One must realize that the 
poteatial clinical impact of the research effort may 
be far greater than the sum of the individual clinical 
abilities. 
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Lack of time becomes an increasingly compelling 
consideration for the young faculty member. Com- 
peting priorities leave little allowance for im- 
mediately nonproductive activities such as follow- 
ing up on a research idea in the face of more con- 
crete departmental activities such as surgery, con- 
sultations, lecturing, and staffing the clinic. 


Funding difficulties frustrate the beginning re- 
searcher at every step along the way. It is Cifficult 
to find start-up funds to develop, among other im- 
portant elements, support personnel to perfcrm ad- 
junctive tasks which facilitate the development of 
research projects. Multispecialty interaction may be 
facilitated by adequate funding. Dwindling federal 
support for research compounds the problem so that 
it is increasingly necessary to look to departmental 
funds to support research activities. The “catch 22” 
of this situation is that departmental funds are not 
generated by young faculty members when in the 
laboratory. This is the department’s problem, not 


the faculty members’. 


Departmental contributions to research are ex- 
pensive. Generation of funding, in particular, is 
costly both in terms of actual resources and the time 
devoted to securing them. Should faculty members 
invest more of their clinical earnings resulting in 
still lower salaries (an identified disincentive)? 
What is our individual obligation (ie, tax-deduc- 
tible contributions)? What proportion of depart- 
mental resources should be devoted to research ac- 
tivities? 


Considering that the 6 % growth of medical fac- 
ulty in the 1970s may decrease to zero-growth and 
that only 20% of new faculty have any research ex- 
perience, a graying population of research faculty 
might result. Therefore, to maintain an appropriate 
research milieu, additional faculty will be neces- 
sary. Recruitment of young faculty with talent and 
Vision is an important long-range goal. 


3. RESEARCH FUNDING 


CHARLES D., BLUESTONE, MD, CHAIRMAN 
MARC S. KARLAN, MD 


INTRODUCTION 


In spite of the significant increase in the number 
of otolaryngologists who have chosen an academic 
career during the past decade, there has been a 
dramatic decline in the number of research grants 
submitted, approved and funded by the primary 
source of federal funding for diseases and disorders 
of the ear, nose and throat — head and neck, the 
Communicative Disorders Program (CDP) of the 
National Institute of Neurological and Communica- 
tive Disorders and Stroke (NINCDS), 


The explanation for this enigma is not clear at 
present, but is most likely due to several facto-s: l)a 
steady decline in available funds (real dollars) due 
to inflation and budget constraints: 2) apathy re- 
sulting from the feeling among otolaryngclogists 
that the competition for funding is so great and the 
chances of success are slight; 3) lack of academic 
role models in otolaryngology to stimulate and assist 
young investigators to secure funding; and 4) ‘ack of 
a research environment in most departments of oto- 
laryngology. 

The following recommendations made this writ- 
ing group of interested otolaryngologists address the 
need to stimulate more otolaryngologists to become 
involved in research, improve the quality of 
research in otolaryngology, and provide funds for 
training in research. In order of priority they are as 
follows: 


JOHN W. BORDLEY, MD 
MICHAEL M. PAPARELLA, MD 


HOWARD P. HOUSE, MD 
F. BLAIR SIMMONS, MD 


FORMATION OF A NATIONAL FOUNDATION 
FOR RESEARCH IN OTOLARYNGOLOGY 

Since funding for research from both governmen- 
tal and private sources remains limited and not 
directed to the broad needs or research questions 
posed by modern OHNS physicians and surgeons, a 
national foundation for research in otolaryngology 
must be established. This foundation should have 
an endowment from which the interest can be used 
to train new investigators, provide start-up or seed- 
money for promising new research projects, and aid 
departments of otolaryngology in providing a re- 
search environment. 


The endowment should be generated from the 
following sources: 1) gifts from otolaryngologists 
and other interested health care professionals; 2) 
“planned giving” (bequests) by otolaryngologists 
and their patients who want to provide research 
support after their death to answer the important 
questions that faced them during their lifetimes: 3) 
independent, company and community founda- 
tions; 4) companies involved in health care (eg, 
drug and instrument companies); 5) major corpora- 
tions; 6) service organizations (eg, Lions Interna- 
tional); and 7) gifts and planned giving by other in- 
terested citizens. 


The foundation should provide funding for all as- 
pects of diseases and disorders that are the responsi- 
bility of the modern OHNS physician and surgeon. 
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The foundation should be under the umbrella of an 
existing organization that represents otolaryngolo- 
gy, but should have a separate board of directors 
and management to maintain autonomy from the 
parent organization. 


SEPARATE IDENTIFICATION AND FUNDING FROM THE 
NIH FOR OTOLARYNGOLOGY 

Since there are research questions and needs for 
funding that are unique to otolaryngology as com- 
pared to other diseases, disorders of the body and 
research/health care professionals, separate funding 
and identification should be established by the NIH 
to meet these specific needs. 


PROMOTION OF MORE SUCCESSFUL APPLICATIONS 
TO NINCDS 

This goal can be accomplished by encouraging 
senior investigators and departmental chairpersons 
to take active roles in stimulating and assisting 
young investigators to develop high quality research 
projects and to give the NINCDS the opportunity to 
support these and other projects by submitting ap- 
plications for review and funding. Senior in- 
vestigators and/or department chairpersons must 
take active roles in stimulating and assisting young 
investigators to apply for Teacher-Investigator 
Development Awards (TIDAs) and actively solicit 
institutional fellowship awards for their depart- 
ments. 


OTHER GOVERNMENTAL SOURCES OF FUNDING 


Otolaryngologists should contact and inform 
other agencies of federal, state and local govern- 
ments of their needs to secure funds for research. 


These include (among others) other institutes of the 
NIH g, National Cancer Institute), Biomedical 
Reseexch Support Grants, National Aeronautics and 
Space Administration, National Science Founda- 
tion, Environmental Protection Agency, and Veter- 
ans Acministration. 


PRIVATE SOURCES 


Otxaryngologists should seek research funding 
from eompanies involved in health care (eg, drug 
and istrument), major corporations and company- 
spenscred foundations, commercial/financial in- 
stitutions in their communities, national health 
foundations (eg, American Cancer Society, March 
of Dimes), special interest groups (eg, Deafness Re- 
sezrc} Foundation, American Otological Society, 
Inc), and others such as the Robert Wood Johnson 
Founcation. 


OTHE 3 PRIVATE SOURCES 


Fu ding should be sought by applying to local or 
servi= (hospital or institution) organizations, spon- 
sorine special events and programs, Or through pri- 
vate practice and patient care. 


CONCLUSION 


It 5 the consensus of this committee that we, as 
otoleryngologists, are facing a crisis that may po- 
tentidly affect the health care of our patients. It is 
only through research that we can solve the unan- 
swered problems that will allow us to manage our 
patients’ health and prevent and/or treat the dis- 
ease: and disorders that affect their well-being. 
Otolaryngologists, the time to act is now. 


4. IMPORTANT UNANSWERED RESEARCH QUESTIONS 


PAUL H. WARD, MD, CHAIRMAN 


DOUGLAS E. MATTOX, MD 
CHARLES J. KRAUSE, MD 


The report of this group lists important areas for 
future research in otolaryngology. Their impor- 
tance derives from the frequency of occurrence, the 
extent of disability, the cost to society for treatment 
or lost productivity, and impact on quality of life. 
The list of research areas is not in any order of prior- 
ity. All of them are important in the judgment of 
this group. To attempt to rank them on a meaning- 
ful priority scale is outside the scope of this review. 
Nonetheless, inclusion here indicates their impor- 
tance in the minds of this group. 


Where appropriate, likely avenues of investiga- 
tion are suggested. Many of these problems will re- 


JOSEPH E. HAWKINS, JR, DSc 
DAVID J. LIM, MD 


quir multidisciplinary, interinstitutional collabor- 
ative efforts to solve. We place high priority on the 
fərmztion of a National Advisory Panel for Re- 
seared in Otolaryngology to study research needs, to 
devebp a national policy for research in oto- 
laryagology and to make specific recommendations 
for tæ conduct of the investigations needed. In par- 
ticuer, long-term studies to determine effective 
means of prevention, treatment, and rehabilitation 
of the most common and serious disorders of human 
communication and of the head and neck should be 
developed and carried out. Emphasis also must be 
placed on more efficientUless costly techniques for 
diagrosis and treatment. 
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INFECTIOUS DISEASE 


Infectious diseases of the ear, nose, paranasal 
sinuses, throat, tonsils and adenoids continue to be 
frequent causes of morbidity in spite of advances in 
treatment. Assessment of the potential role of subtle 
immune deficiencies in recurrent infections may 
provide an important clue to prevention. 


Otitis media with effusion is still a major cause of 
infant and child morbidity and concerns remain un- 
answered about the unproven possibility of lan- 
guage and intellectual retardation from conductive 
hearing loss in childhood. Investigation into pre- 
vention, identification and intensive treatment of 
high-risk cases is a pressing public health need. 


HEARING 


Approximately 13 million adults are hearimg-im- 
paired. Advances in the field of hearing will be de- 
pendent upon a constellation of scientific efrorts in 
otolaryngology, anatomy, otopathology, biochem- 
istry, engineering, psychology, audiology, physiol- 
ogy, embryology and molecular biology. Much of 
the research must of necessity be interdiscip|inary. 


Probably the greatest void in research on ac- 
quired sensorineural deafness is the precise defini- 
tion of its cause and pathogenesis. The effects and 
interactions of otosclerosis, middle ear infections, 
noise, ototoxic drugs, diabetes, hypertensicn and 
hyperlipidemia need to be determined. We ere still 
not certain of the individual factors and are even 
more uncertain about the interaction of the dif- 
ferent genetic, environmental and disease ‘actors 
that may accelerate and exacerbate susceptibility to 
presbycusis. This disorder, which is the most com- 
mon cause of chronic disability in the adult, is 
becoming more common as the average age of our 
population increases. 


The ability to detect vertebrobasilar insufficiency 
by hearing tests (decreased ability to detect short- 
tone bursts in noise) offers a new clue for nonin- 
vasive diagnosis and the potential for remeciation 
of one form of acquired central hearing impair- 
ment. 


GENETIC HEARING LOSS 


Epidemiological studies and genetic analysis in- 
dicate that approximately 50% of all congenital 
hearing loss may be genetic. Counseling remains the 
only feasible prevention of genetic hearing loss. It is 
hoped that biochemical advances will eventually 
result in control. There are deaf mutant animal 
models available for study of the molecular, bio- 
chemical and abnormal cellular development in 
these genetic defects. Correlation of electrococh- 
leography and cochlear histopathology will aid in 
understanding the progyessive nature of genetic 
cochlear disorders seen in adults. 
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HEARING AIDS 


Hearing aids are the most frequently used pros- 
thetic device, yet many patients are unable to use 
them satisfactorily. Research opportunities include 
the use of microprocessors to adjust frequency and 
gain characteristics, improvements of signal-to- 
noise ratio (through signal extraction), and multi- 
band compression to suit individual patient needs. 
Studies have indicated improved hearing can result 
from adjustment of frequency-gain characteristics. 


Despite these achievements many sensorineurally 
deaf patients with poor speech discrimination are 
unable to function adequately with the best avail- 
able conventional hearing aids. Theoretically, if 
feedback and distortion can be eliminated with an 
implantable middle ear transducer having no 
speaker, ear mold, or tubing, then the resulting 
high-fidelity signal should produce better speech 
comprehension. Transducers of this sort have pro- 
vided “perfect fidelity” in normal human volun- 
teers. Further bioengineering development and 
testing will be necessary before proceeding to a clin- 
ical trial. 


COCHLEAR PROSTHESIS 


This has been a much-publicized and controver- 
sial topic. There are approximately 200,000 pro- 
foundly deaf people in the United States who poten- 
tially could benefit from such a device. Several re- 
search teams worldwide are now conducting clini- 
cal trials with a variety of electrode designs and 
stimulus parameters. 


Patients with a monopolar cochlear electrode im- 
planted through the round window appear to toler- 
ate the prosthesis very well over several years. 
Speech is not comprehensible, but environmental 
sounds are better recognized, lipreading scores are 
frequently improved and some low-frequency dis- 
crimination is possible. 


Otopathological evaluation of the long-term ef- 
fects of prostheses in human ears is also an essential 
feature of this work. Widespread use of this device 
should be discouraged until these long-term effects 
have been clarified. 


TINNITUS 


Tinnitus is one of the most common sequelae of ` 
sensorineural hearing loss. It is reported that in the 
United States there are over 7 million persons who 
suffer from tinnitus, 32% of all adults have tinnitus 
at some time, and in 6.4% the tinnitus is reported to 
be debilitating. Studies of clinical characterization 
and pathogenesis as well as the development of a 
scientific rationale for treatment are urgently 
needed. The neurophysiological and biochemical 
basis of tinnitus must be elucidated. 
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OTOSCLEROSIS 


It is estimated that there are 14-15 million oto- 
sclerotic patients in this country. It is also well 
known that it is a genetically linked disorder with 
distinct family-linked traits. However, the patho- 
genesis of this disorder is not yet known. It is gener- 
ally believed that some biochemical malfunction of 
the ground substance may be involved. Recently, 
autoimmunity to type II collagen has been proposed 
as a mechanism for otosclerotic bone lesions. Con- 
siderable basic work in the biochemistry, cell 
biology, and immunology of the otic capsule is 
needed. Although surgical treatment of conductive 
hearing loss due to otosclerosis is highly developed, 
there is no effective prevention or correction of the 
sensorineural hearing loss that also occurs in many 
patients. 


VESTIBULAR SYSTEM 


Approximately 100,000 cases of Meniere's dis- 
order are diagnosed annually in the United States, 
and approximately 40% of the population com- 
plains of spontaneous vertigo. Fundamental knowl- 
edge concerning the pathogenesis of Menière’s dis- 
ease is lacking. Before specific therapeutic trials can 
be developed, the disorder must be characterized on 
a firm scientific basis. Clearly there is much more to 
learn of the basic physiology and function of the 
vestibular system and its interaction with the visual 
and proprioceptive systems before we will be able to 
improve current methods of treating a variety of 
poorly understood vestibular disorders. 


Many investigators are pursuing diagnostic tests 
designed to evaluate semicircular canal and otolith 
organ functions through their interaction with the 
visual and proprioceptive systems in the control of 
posture. A team approach, with basic scientists, 
otolaryngologists and bioengineers working to- 
gether, is essential to construct diagnostic and 
therapeutic trials most efficiently. 


RHINOLOGY 


Disorders of the nose and paranasal sinuses — the 
common cold, allergic rhinitis, vasomotor rhinitis, 
and polyps — are among man’s most common and least 
understood afflictions. Among the major research 
voids in this area are the prevention and treatment 
of upper respiratory infections, the pathogenesis 
and treatment of vasomotor rhinitis, and the effici- 
ent pharmacologic and immunologic prevention treat- 
ment of nasal allergy. 


TASTE AND SMELL 


There is a significant deficit in our understanding 
of the fundamental mechanisms of taste and smell 
and their disorders. There is an urgent neec for 
developing diagnostic and management programs 
for dealing with these disorders and dysfunctions, 
which detract so much from the quality of life. 


LARYNX 


The principal unsolved clinical laryngeal prob- 
lems, other than cancer, are papillomatosis, steno- 
sis, and paralysis. The presumed viral etiology of 
papillomatosis is unproven, and no method of ther- 
apy is curative. Immunologic control through inter- 
feren or other as yet unknown agents should receive 
close scrutiny, because no other therapeutic ap- 
preach offers promise for control of this crippling 


chikdkood disorder. 


Methods to prevent and treat subglottic stenosis 
should continue to be investigated. Restoration of 
laren zeal function following paralysis continues to 
be a zoal that promises achievement through con- 
tinned study. 


Vocal restoration following laryngectomy should 
cor tinue to receive much attention. Research is pro- 
ceeding to develop a safe, long-term, tissue-compat- 
ible, -etropharyngeal voice box which will produce 
a human speech sound. 


Computer analysis of speech output to identify 
laryngeal pathology should continue to be pursued. 
A prospective clinical trial should study the vari- 
ables of vocal fold activity for normals and for the 
entire range of voice disorders, employing such 
methods in parallel with aerodynamic and electro- 
my ographic techniques. 


IMMUNOLOGY 


Acenoids and tonsils are well-recognized lym- 
phate organs, but their role in the immune system 
is poorly understood. Systematic investigation of 
the function of these organs and the consequences, 
if any, of their removal is needed. 


It as also been established that the mucosa of the 
midcle ear and eustachian tube can mount its own 
immune response to antigens such as viruses and 
bacteria. It is postulated that some form of immune 
in ury is responsible for otitis media with effusion. 
Furtner fundamental study of the immune mecha- 
nism is needed, not only for the understanding of 
the pathogenesis, but also for prevention and treat- 
men: of otitis media and its sequelae. 


The immune system of the inner ear is not well 
explored. Available information suggests that it is 
independent of the CSF immune system, and the ex- 
isterce of autoimmune inner ear disorders has been 
suggested recently. Progress has been impeded in 
the past because of the difficulty of access to the 
smal volume of tissue available for study. New 
technological developments, such as the mono- 
clonal antibody and microchemical quantitative 
techniques, promise an exciting and potentially 
productive research future in this area. 


HEAD AND NECK CANCER 
. . . > ©... ” 
Since President Nixon’s “war on cancer was an- 
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nounced nearly a decade ago, there has beer a great 
deal of money and effort expended on research to 
determine the cause, prevention, and treatment of 
this dreaded disease. Thus far, this effort has not 
achieved the hoped-for level of clinical advances. In 
all but a few types of cancer, discoveries have been 
few in number and have not significantly changed 
the occurrence and success of treatment. Consider- 
ing that head and neck cancer strikes 16 per 100,000 
persons, resulting in death in 50% of these people, 
research in this area is vital. 


Cancer of the head and neck lends itself to many 
types of analysis since specimens are easily obtained 
for evaluation, and the treatment site can be readily 
observed. Recently it has also become possible to 
establish cell lines in tissue culture, offering an op- 
portunity for long-term study of a specific tumor’s 
biological properties. 


Cancer research must proceed along several key 
avenues. It is important that we determ:ne the 
crucial biologic factors which cause the cancer cel] 
to act so differently from normal cells, and factors 
which control the tumor-host interaction. Con- 
tinued study of etiologic factors such as viruses, 
smoking, and alcohol use js critical, and this 
knowledge must be applied to prevention pro- 
grams. Development of effective measures to assist 
smokers to quit their habit and establishmen- of pa- 
tient education programs about the health conse- 
quences of smoking would substantially reduce the 
incidence of head and neck cancer. 


We must continue to evaluate the effects of vari- 
ous treatment modalities (ie, heat, cold, chemother- 
apeutic drugs, irradiation, and surgery) used in- 
dividually or in combination. The small number of 
patients with head and neck cancer available for 
study requires better classification systems to 
evaluate the effectiveness of the various therapeutic 
modalities. Multi-institutional cooperative studies 
appear to offer the greatest hope for accum ulating a 
sufficient number of patients to answer these im- 
portant questions. 


WOUND HEALING 


Because wound healing is such a basic ingredient 
of surgery, a clearer understanding of those bio- 
chemical and physical factors which influence the 
rate and amount of collagen production, epithelial- 
ization, capillary induction, and inflammatory pro- 
cesses are very important. Understanding these pro- 
cesses should lead to methods of controlling col- 
lagen production and promote more rapid healing, 
yet prevent hypertrophic scar formation. 


RECONSTRUCTIVE SURGERY 


There continues to be a need for better under- 
tanding of flap physiology and the effects of physi- 
cal and chemical factors upon flap perfusion and 
survival. Methods should be developed to improve 
patency rates in free flap while decreasing the 
amount of time and training required to perform 
the anastomoses. Methods of stretching skin to in- 
crease the area available for transfer may offer a 
significant advantage in planning reconstruction. 


Though most of the investigation of nerve regen- 
eration has in the past been directed toward the fa- 
cial nerve, improved understanding and control of 
spatial distribution of axons and neurophysiology 
may result in improved restoration of other nerve 
functions, including cranial nerves X, XI, and XII. 
One of the most exciting areas of rehabilitation re- 
search lies in muscle regeneration and neurotization 
of denervated muscle. Restoration of effective mus- 
cle function of the face, palate, tongue, and larynx 
will provide a major advance in rehabilitation. 


Vascularized bone as part of a composite flap or 
free flap appears to show promise of improved sur- 
vival and healing. Other investigators are studying 
methods of procuring autogenous or homogenous 
mandible to provide ideal contour. New forms of 
prosthetic material may provide even simpler 
means of restoring mandibular function. New syn- 
thetic materials are constantly being developed, but 
the indications for their use and their long-term se- 
quelae must be carefully evaluated. 


Although recent years have brought rapid growth 
in knowledge about gene aberration and regula- 
tion, much remains to be learned about preventing 
and correcting congenital anomalies. Facial growth 
is a complex process under normal circumstances, 
and the superimposition of congenital anomalies 
and the surgical treatment of these anomalies 
creates an even more confusing picture. As sur- 
geons, we must better understand how to correct 
such anomalies while avoiding those techniques 
Which impair subsequent growth. The development 
of improved alternative methods for those with 
significant communication impairment remains a 
very important area for investigation. 


AGING 


Much remains to be learned about the biologic 
mechanisms which regulate the aging process, and 
about how these might be controlled. Development 
of better agents to protect the skin from the harmful 
effects of sun exposure and safer methods of amelio- 
rating these effects are long-range goals. 


5 POSTDOCTORAL RESEAF.CH TRAINING 


RICHARD R. GACEK, MD, CHAIRMAN 
JAMES H. ABBS, PHD 
ROBERT A. DOBIE, MD 
GREGORY WOLF, MD 


The majority of information generated by basic 
science researchers is not being applied clinically. 
This may indicate an inadequacy in several areas: 
insufficient research manpower, inadequate re- 
search training, outdated research facilities in 
OHNS departments, as well as inadequate transter 
of basic science findings to clinical practice. 


The term “training” (Figure) is used in a general 
sense to include methods of information transfer 
that contribute to the competency of researchers. In 
this scheme, postdoctoral “training” events can be 
divided into 1) intradisciplinary training interac- 
tions which involve information transfer within an 
individual discipline, and 2) interdisciplinary train- 
ing interactions which include information transfer 
between various disciplines involved in OHNS re- 
search. 


A major goal of basic science research is clinical 
application, and therefore, the effective transfer of 
information from basic to applied science is impor- 
tant. For this reason, the various postdoctoral train- 
ing interactions and the types of research expertise 
required in such information pathways determine 
success. 


A directory of OHNS departments (research pro- 
grams, postdoctoral training) should be developed 
to stimulate interest from other departments and 
other disciplines. Such a directory (by providing 
specific information on laboratory equipment. 
space, faculty, research interests, training, projects. 
etc) would provide a method for attracting re- 
search-oriented medical students and basic science 
fellows. In this way, the quality of postdoctoral re- 
search training in otorhinolaryngology may be im- 
proved by appropriate attention to training en- 
vironment, personnel and financial support. The 
directory should be circulated nationally. 


ENVIRONMENT 

The research environment is the responsibility of 
the department chairperson, with the support of the 
institution. The chairperson and the director of 
research should be effective role models for the clin- 
ician-investigator and the clinically oriented basic 
scientist (Figure). The commitment of the chairper- 
son to establish and maintain space, equipment, 
support, etc, will attract both basic and clinical 
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LESLIE T. MALMGREN, PHD, COCHAIRMAN 
CHARLES I. BERLIN, PHD 
JOHN M. FREDRICKSON, MD 
ERNEST J. MOORE, PHD 


(docteral level) investigators. The chairperson and 
director of research will, by their examples, recruit 
other clinicians (residents, faculty) and basic scien- 
tists into research in otolaryngology. The commit- 
ment to research often includes the use of funds gen- 
erated by clinical practice so as to provide or sup- 
plement outside support for renovations of space 
and special laboratory equipment. 


The research environment will be enhanced not 
only by quality faculty research but, also, by re- 
search programs for all residents, and those medical 
studeats who have made a decision to prepare for 
academic careers. Such research programs will suc- 
ceed, or fail, in recruiting researchers into OHNS 
by metivational efforts and research activities of the 
research faculty. Resident research training is now 
mancated by the Accrediting Council on Graduate 
Medi+al Education. This requirement should pro- 
vide a stimulus to resident research programs due to 
possible loss of accreditation if not followed. Fur- 
thermore, this requirement provides justification to 
acque research faculty positions and postdoctoral 
fellowship support. An important side effect of an 
expansion in resident research programs will be that 
the FAD research faculty responsible for directing 
resident research projects will probably become 
mere knowledgeable in clinical areas as a result of 
interactions with residents. 


The awarding of intrainstitutional research awards 
for superior research are desirable motivational fac- 
tors. Recognition of research faculty, space and 
trainees by administrative titles, office and lab 
space designation will also be beneficial. 


INTE RDISCIPLINARY TRAINING 


It is essential to increase the interdisciplinary 
train ng between the clinician-investigator and the 
clinically oriented basic scientist (area B in the 
Figure). As more basic scientist researchers are at- 
tracted to OHNS departments, they will add to the 
pool ef clinically oriented basic scientists. Their 
prodactivity will encourage the association of other 
basic scientists. It is recommended (if institutional 
faculty attitudes permit) that OHNS and basic sci- 
ence departments jointly administer a research pro- 
gram, eg, a graduate student in anatomy conduct- 
ing auditory, vestibular or other head and neck sys- 

e 
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tem anatomical research/teaching in an OHNS de- 
partment. The fostering of institutional interdisci- 
plinary conferences would also promote cross-inter- 
action of research, and attract more clinically ori- 
ented basic scientists. It is also recommended that 
basic scientists in an OHNS department avail them- 
selves of clinical training (conferences, rounds. 
ward rotations) so as to enhance awareness o: clini- 
cal problems that may relate to ongoing research. 
Short-term (4-8 weeks), intensive training for clini- 
cal scientists in areas of basic research, with docu- 
mented clinical relevance, would also provide the 
clinical investigator with insight, as well as training 
in basic science methodology. 


PERSONNEL 


Resident research training and research oppor- 
tunities for motivated medical students should pro- 
vide future generations of OHNS researchers. Fol- 
lowing the residency training, opportunities should 
be provided for in-depth research training. The lo- 
cation and form of this research experience will 
vary according to the goals of the individual. but 
ideally it should consist of one to two years of fel- 
lowship so as to acquire sufficient research exper- 
tise, and to initiate independent research. The fi- 
nancial support for postdoctoral training should be 
sufficient to attract, rather than discourage, indi- 
viduals at this level. Since the resident graduate 
may not have sufficient research credentials to receive 
Teacher-Investigator Development Award (TIDA) 
support, postdoctoral fellowship support (stipend) 
is required. This support should, at the least, exceed 
the senior resident salary level. 


Following a fellowship and appointment to the 
faculty, opportunities to acquire additional re- 


search laboratory experience should be provided by 
release time from clinical and administrative obli- 
gations. It is the department chairperson’s respons- 
ibility to encourage clinical faculty research by pro- 
viding adequate research time. For faculty with 
demonstrated research potential (eg, several publi- 
cations), a TIDA award is useful to compensate for 
salary lost while conducting research. 


DEVELOPMENT OF A RESEARCH TRAINING 
PROGRAM 


One of the major causes of the currently low level 
of research expertise on the part of clinician-inves- 
tigators is the lack of strong research training pro- 
grams for residents, postresident fellows and for 
periodic retraining of established clinician-investi- 
gators. The future strength of such training pro- 
grams depends largely upon the available technical 
expertise, new ideas, and information transmitted 
to the clinician-investigator (resident, postresident 
fellow, established investigator) by career investi- 
gators within OHNS departments. Although some 
career investigators will be trained as MD-PhDs, 
the majority of the scientists filling these positions 
will probably be recruited from the basic sciences. 
Individuals recruited to fill these positions should be 
competent and well-qualified in their respective 
basic science discipline. A number of difficulties, 
however, presently interfere with the achievement 
of this goal: 

l. Positions in clinical departments are often con- 
sidered by basic scientists to be of lower prestige 
than those in basic science departments. 

2. There is a perception by basic scientists that 
possibilities for career development are more lim- 
ited within clinical departments (eg, no possibility 
of becoming chairperson). 
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3 Clinician-investigators often have difficulties 
in accepting the independent, professional role of 
the clinically oriented basic scientist. It is very com- 
mon for the clinician-investigator to feel that basic 
scientists within their departments should be satis- 
fied to serve as highly skilled technicians. This atti- 
tude has probably been a major factor responsible 
for the departure of highly skilled basic scientists 
from clinical departments. 

4, Presently there are few basic scientists within 
OHNS departments. Future PhD faculty will prob- 
ably be initially attracted to a postdoctoral fellow- 
ship by the possibility of learning a new technique 
or area of expertise from a creative, established 
basic science investigator who is part of an OHNS 
department. The recruitment of the basic scientist 
into the pool of clinically oriented basic scientists 
(Figure) would then potentially take place during 
this postdoctoral fellowship in a clinical depart- 
ment. There a need would be established for clini- 
cally oriented OHNS research. The support for this 
experience could be competitively sought from an 
individual fellowship, eg, a postdoctoral fellowship, 
a Research Career Development Award (RCDA) or a 
TIDA. 


SUPPORT FOR RESEARCH TRAINING 


Although the institutional training grants pro- 
gram of the 1960s has expired, federal funding is 
still available, including: 

1. Individual Postdoctoral Fellowships (PD): 
these awards have stipends that are generally too 
low to attract the MD investigator who has com- 
pleted a residency. 

2. Research Career Development Award (RCDA): 
these awards are aimed at the investigator with an 
accomplished research career two to three years 
after residency with credentials. 

3. Teacher-Investigator Development Award 
(TIDA): these awards are made available to resi- 
dents who have demonstrated research ability in 


residency programs and who are associated with 
programs where good research opportunities are 
present, and release time is provided from clinical 
duties. 

4. Minority Access to Research Careers (MARC): 
these awards represent support available to investi- 
gators at minority institutions who wish additional 
research training otorhinolaryngology. This work 
can be in any research area appropriate to com- 
muniative disorders. Administered by the National 
Institute of General Medical Sciences (NIGMS), the 
program is intended to strengthen research capabil- 
ities of institutions where there is significant en- 
rollment from minority groups. 


Institutional support for salaries of clinical and 
basic science faculty is an absolute necessity to sub- 
sidize research time, and lessen the need to produce 
income from clinical practice. 


OTOLARYNGOLOGY SOCIETIES 


Support should be requested from otolaryngology 
sociecies (American Otological Society, Inc, Ameri- 
can Laryngological Association, American Society 
for Head and Neck Surgery, American Academy of 
Facial Plastic and Reconstructive Surgery) to fund 
reseerch fellowships. Such support should be sub- 
stantial enough to be competitive; several societies 
may choose to contribute to a single postdoctoral re- 
search fellowship. The area of research could be ro- 
tatec every year so that all special interests would 
be setisfied. It is recommended that fellowship sti- 
pencs be approximately $25,000 to $30,000, with 
appLcants carefully screened by a committee with 
representatives from all contributing societies. 
Laberatory qualification of the research and men- 
tor for research experiences would also be reviewed 
by this committee. 


Support from private foundations and industry to 


func postdoctoral training opportunities should be 
developed. 


6. RESEARCH FACILITATION 


F. OWEN BLACK, MD, CHAIRMAN 
MAKOTO IGARASHI, MD 


The development of a research group and signifi- 
cant research activity requires institutional re- 
sources (salary, space, funding), departmental com- 
mitment (protected time, interactive research en- 
vironment), and the recruitment and support of re- 
search-oriented faculty. Given that these essentials 


for development have been met, what are the steps 


EARLEEN ELEINS, PHD 
JOSEF M. MILLER, PHD 


WILLARD E. FEE, JR, MD 
EDWIN W. RUBEL, PHD 


that an otolaryngology department can take to fa- 
cilitate and enhance the productivity of its research 
group and sustain the quality of its work? While the 
rerabers of this writing group had many divergent 
opirions regarding the priority of facilitatory ef- 
fert., there was, nonetheless, general agreement 
abo at their substance. 
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PRIORITY 


Above all, there has to be a sufficient institutional 
and faculty commitment to research to grant it high 
priority in the utilization of resources. Unless there 
is protected time for scholarly and research activity, 
the demands of clinical, teaching, and administra- 
tive responsibilities may seriously erode the research 
effort. Not only should the department’s priority for 
research be sufficiently strong to eliminate competi- 
tion for time allotments, it must also eliminate com- 
petition for operational funds and other departmen- 
tal resources. It was suggested that a tangible sys- 
tem of rewards and incentives for research produc- 
tivity be developed within each department. These 
should include, but not necessarily be limited to 
honors, awards that are based on the same princi- 
ples as for rewarding clinical activity, and consider- 
ation for promotion and tenure. 


STRATEGY AND PLANNING 


Where possible, the research-oriented members 
of the department should form a cohesive group or 
groups in which the roles, backgrounds, and ex- 
periences of the individual members are not only 
Supportive and complementary but can be inte- 
grated. This fosters building of strength and avoids 
fragmentation and dilution of effort, especially in 
small groups. 


Ideally, the group should have a common re- 
search theme, a strong leader, and a clear-cut sense 
of direction. It is far better to collaborate on asingle 
important problem than to divide the group's ef- 
forts into multiple directions. Particularly impor- 
tant is the maintenance of state-of-the-art technical 
methodology in the conduct of the research activity. 


Additions to the research faculty should be made 
with the program theme in mind. Care should be 
given to selection of individuals with experience 
and proven productivity over junior faculty who 
may be least costly in terms of salary and support, 
but very expensive in terms of lost opportunities and 
prolonged commitment for support. Therefore, the 
otolaryngology research team must be constituted 
by careful selection of high quality faculty, irclud- 
ing those recruited from other disciplines. For 
groups whose research leader is not the departmen- 
tal chairman, a director of research must be identi- 
fied who has the administrative authority and qual- 
ities of leadership necessary to maintain a cohesive 


group. 


INTERACTIVE ENVIRONMENT 


Carefully developed and well-utilized mecha- 
nisms for communication among the research- 
oriented faculty should be a regular part of the in- 
tellectual activity of the department. The exchange 
of ideas, critical review of hypotheses and proposed 
methodology, and discus$on of problems from dif- 


ferent vantage points all contribute to the academic 
growth of a department. The clinica] and basic 
scientists should meet regularly, both formally and 
informally to enhance the intellectual development 
of all members of the group and to provide a milieu 
in which the training of residents and young faculty 
in problem-solving and critical analysis skills can be 
fostered. 


Such a mechanism is conference rounds which fo- 
cus on a particular clinical research problem. Ex- 
changes of knowledge, opinions, and philosophies 
will occur that may contribute to the intellectual 
growth, problem-solving ability, and research ac- 
tivities of the group. 


NATIONAL INTERACTION 


It is clear that the otolaryngic research com- 
munity must develop a stronger sense of national 
identity in order to foster the most efficient utiliza- 
tion of limited resources. National interaction can 
take the form of a visiting scientist program, oppor- 
tunities for specialized training, external con- 
sultants, pilot studies, and the support of profes- 
sional societies and organizations. A visiting scien- 
tist program can help overcome intellectual isola- 
tionism in both individuals and programs. Whether 
the visitor be a young academician who comes to 
learn or a mature scientist who comes to teach, 
benefits accrue to both the visitor and the visitee 
through the exchange of information and attitudes. 
It behooves the developing research program to 
send its faculty to more advanced, mature programs 
for both short and extended periods of study. 
Whether these study periods should be formalized 
into a fellowship or serve an ad hoc purpose for the 
acquisition of a specific skill depends on the needs of 
the individual and the institution and the goals and 
objectives of the exchange program. 


Programs should avail themselves of the oppor- 
tunity to invite external consultants to review their 
research activities on a regular basis. This is an im- 
portant form of interinstitutional cross-fertilization 
that usually benefits both the consultant and the 
program. Not only are specific questions addressed, 
but through the development of personal relation- 
ships, future dialogue is enhanced. By maintaining 
a high level of awareness of the otolaryngology re- 
search activities around the country, the visiting 
scientists and external consultants can be called 
upon to provide specific information as well as 
overall perspectives about the state of research ef- 
forts in the field. Thus, specific questions about 
training opportunities, problem-solving advice, and 
technical skill acquisitions may be addressed readi- 
ly. 


More formalized reviews of the state-of-the-art in 
a given field may be obtained by national research 
conferences in which the experts in the field are 
convened to address the status of knowledge in a 
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given area. Such media of exchange provide impor- 
tant forums for reporting of results, both prelimin- 
ary and defined, as well as discussion of controver- 
sial topics. These conferences are invaluable for the 
generation of new research hypotheses and the cut- 
lining of new and continuing investigations. From 
such conferences should come pilot studies, funded 
and implemented nationally, to develop concepts, 
test feasibility of proposed projects, and determine 
in advance the ability of investigators to perform a 
preposed project. Such pilot studies are indispens- 
able for the formulation and conduct of studies to 
answer questions of national importance that can- 
not be addressed by a single institution. National 
otolaryngic organizations should collaborate with 
the academic institutions, industry, and the Nation- 
al Institutes of Health in supporting national inter- 
change in the areas outlined above. 


PEER REVIEW 


Although implied in a general way in the preced- 
ing section, review of specific research projects 
plays an important role in the facilitation of re- 
search ideas and activities. While the peer review 
process maintained by each funding agency is the 
final arbiter of review for scientific merit and ap- 
propriateness for funding, considerable prereview 
should occur prior to the submission of a project. 
Informal reviews by colleagues and senior scientists 


in the department and institution should occur 
regularly during the development of a project. Two 
other types of informal review are most helpful. 
First is the review by a respected colleague in 
anctker institution who is working in the same 
general area of research. The second concerns staff 
review within the prospective funding agency. The 
review of the external consultant should address a 
limited number of questions raised by the appli- 
cart. These should be at an overview level. The 
staff ef the funding agency often proves valuable on 
issues of appropriateness, format and technical 
aspects of the proposals. Staff preview is mandated 
by some agencies; its importance cannot be overem- 
phasized. 


In some institutions, there are inadequate num- 
bers of trained scientists within otolaryngology 
available for review of fledgling projects. It would 
greatly facilitate the development of such projects if 
a rational organization in otolaryngology were to 
develop a mechanism for peer review of such pro- 
posals where local help is not available. 


It behooves the investigator to accept the criti- 
cisms of colleagues in a constructive and grateful 
manner. Such reviews require considerable time 
and effort. They are essential to identify deficien- 
cies in a proposed investigation. Few are those who 
cannot benefit from the assistance of colleagues. 


7. CURRENT RESEARCH RESOURCES 


ROBERT A. MATHOG, MD, CHAIRMAN 


PATRICK E. BROOKHOUSER, MD 
WILLIAM C. STEBBINS, PHD 


Activities that require ongoing and new investi- 
gations benefit from a knowledge of current avail- 
able resources. In OHNS there is a great concern 
that research activity is waning, and that knewl- 
edge of available resources would facilitate and 
stimulate maximum utilization. To be of any major 
contribution, information on resources should in- 
clude but not be limited to: 1) current investigators 
and their professional backgrounds and research in- 
terests, 2) research projects and methodology in oto- 
laryngology, 3) available equipment and techniques, 
4) training programs, and 5) institutions actively 
participating in research. 


The rationale for a listing of currently available 
resources would primarily be related to its useful- 
ness and its potential to fulfill the needs of the oto- 
laryngologic community. Young and established re- 
searchers would be interested in information om the 


activity of various research projects so that they 


RALPH F. NAUNTON, MD 
GEORGE A. GATES, MD 


mzy plan their research and career objectives. 
There would also be an interest in the same in- 
divicuals to determine with whom and where to 
collaborate, and where one might obtain assistance 
in methodology. One would also want to know 
where to share experiences and obtain use of certain 
pieces of equipment. Obviously with such a listing, 
duplication of effort can be avoided and areas in 
which collaborative research is needed might be 
stimulated. 


Other important advantages are apparent. For 
the basic scientist, there would be an opportunity to 
evaluate the applications of basic science methods 
to the etiology, prevention and treatment of dis- 
eases. For the clinician-investigator, information 
woud be available on what basic methods might be 
available for working out clinical problems. Others 
including granting agencies might seek “contracts” 
from one laboratory or nother and consultation 
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would be indirectly available for carrying out re- 
search, for assistance in grant writing and for sug- 
gestions in funding. 


Knowledge of resources would be also useful for 
evaluating training opportunities with particular 
individuals on selected projects and in certain in- 
stitutions. Since it is essential to answer requests of 
lay people regarding research activities, the listings 
would be desirable. Moreover, public relation pro- 
grams dealing with particular projects or with the 
scope of otolaryngologic research could be facili- 
tated. 


A common knowledge of current research re- 
sources is probably best obtained through a compre- 
hensive directory/data base. All investigators, new 
and established, should be listed alphabetically, as 
in a “Who's Who,” noting their educational and 
professional activities. These lists should be refer- 
enced to research interests and institutions, and 
should not be limited to investigators in otclaryn- 
gology but to all basic and clinical scientists with 
relevant activity to otolaryngology. 


A directory or data base should also include and 
categorize research projects and interests. This 
listing should represent the most comprehensive 
scope of the specialty. Areas of research should be 
divided according to organ system (ie, ear, nose, 
larynx, etc), discipline (ie, anatomy, physiology, 
etc), methodology (ie, electron microscopy, histol- 
ogy, etc), and by diseases. Since categorization of 
research activity is so important for obtaining infor- 
mation, this part of a directory/data base should 
have cross-references to individuals and institu- 
tions. 


As a separate resource, there should also be a 
listing of special places of equipment, ie, com- 
puters, PET scanners, electron microscopes, etc. 
These items should be cross-referenced to research 
activities, individuals, and institutions. 


Regarding training opportunities, separate cate- 
gories should be provided for medical students. resi- 
dents, and new and established faculty. There 
should also be a listing for PhD candidates, postdoc- 
toral investigators, established investigators and 
clinicians. Information should be available on sab- 
batical appointments. 


When considering a comprehensive directory on 
research resources, one should also include a listing 
of institutions carrying on research with appropri- 


ate cross-references to research projects, equipment 
and individuals. These institutions should include 
but not be limited to universities and colleges 
(departments and divisions), hospitals, industry, 
private laboratories, and federal institutions. 


Finally, one should also consider a listing of fund- 
ing agencies, especially those agencies that have 
funded projects in the past and those that will 
possibly fund projects in the future. This listing 
should include and note the interest of the funding 
groups as well as limitations for grant support. 


In order to achieve the goal of a directory/data 
base in research, the specialty of otolaryngology 
turns to its major organizations. For example, the 
American Academy of Otolaryngology-Head and 
Neck Surgery should be considered as a sponsor and 
a caretaker of such a project. This organization has 
had interest and now has the requirement for foster- 
ing research in a specialty where research activity 
has been waning. Research is necessary for ad- 
vancement in medicine, and otolaryngology looks 
to the Academy for providing this leadership. Also, 
the Academy is a logical choice when one considers 
the financial and administrative support to carry 
out and maintain such a project. 


From a practical standpoint the methods for ob- 
taining current research resources should be turned 
over to individuals with experience and training in 
reaching these goals. Considering the scope of the 
project, the data would be best stored and updated 
in a computer registry with printouts available to 
interested users. Data and management system spe- 
cialists could advise on the lists, the methods of ac- 
cruing data and the categorization of the data. Un- 
doubtedly, a questionnaire would serve as one of 
the main mechanisms of obtaining information. 


This project on resources should not only require 
the support of organized otolaryngology but also 
the cooperation of closely allied specialists in 
audiology, speech and language pathology, neuro- 
science and cleft palate research, so that the infor- 
mation can be comprehensive and all-inclusive. 
Ideally, these groups would benefit as much as oto- 
laryngology from the information sources. 


The concept of a research directory/data base is 
not new, but it has come of age. It will be invalu- 
able to otolaryngology and the many other profes- 
sional groups that need this information, It would 
improve efficiency of operations in research, the 
thrust of otolaryngologic research, and the recruit- 
ment of potential investigators. 


8. RESPONSIBILITIES OF OTORHINOLAEYNGOLOGY-HEAD AND NECK 
SURGERY TO THE NATIONAL INSTITUTES OF HEALTH 


BYRON J. BAILEY, MD 


JAMES B. SNOW, JR, MD 


The purpose of this paper is to provide a descrip- 
tive listing of the responsibilities which our special- 
ty has in regard to maintaining its relationship with 
the NIH. While we are more accustomed to think- 
ing and acting in terms of the responsibilities which 
we feel the NIH has to us, this task gives us the 
opportunity to “turn the tables” and to review some 
very significant obligations which we have in this 
partnership. 


The specialty of OHNS has a clear obligation to 
provide volunteer otolaryngologist peer reviewers 
who are able to meet the stringent demands of ser- 
vice on an NIH Study Section. Some of those who 
have been asked to serve have refused to do so on 
the basis of the volume of effort required for this 
service and the time that it requires, which is taken 
away from other pursuits. Others have preferred 
not to serve in this capacity because of the criticism 
to which they would be exposed in the course of 
their duties. It is clear that currently there ts a 
limited pool of willing and qualified clinician- 
investigators who can serve in this capacity. We 
believe that OHNS and the NIH should formalize 
and expand the search and nomination process for 
candidates who are qualified to serve as members of 
Study Sections. The specialty should view these ap- 
pointments as positions of significant stature and 
should reward the individuals who serve by moving 
them to leadership positions whenever appropriate. 
Both the specialty and the NIH should work more 
diligently to assure that this appointment is turned 
into a positive professional experience. 


We have the responsibility to provide volunteer 
otolaryngologists for service on the National Ad- 
visory Council of the NINCDS. For these positions, 
we must identify our strongest, most experienced 
medical scientists for service in this distinguished 
capacity. We have the obligation to recommend in- 
dividuals who are in close touch with the research 
priorities of the nation at the particular time. These 
otolaryngologists should be conversant with re- 
search training and manpower issues and in teuch 
with the trends and the problems of university re- 
search centers. Again, we feel that OHNS might 
benefit from a closer relationship in the search, 
nomination, and appointment process. 


As a specialty, we have the responsibility to pro- 
vide accurate and detailed input into the prepara- 
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tior of an annual or biennial nonelaborate publica- 
tior which provides a clear, concise statement of the 
research goals, objectives, and needs that exist joint- 
ly for the NIH and OHNS. In order to achieve suc- 
cess in this activity, we will have to work together 
more closely within our specialty and make an ef- 
fort to speak with one voice. The Association for 
Research in Otolaryngology, the American Acade- 
my of Otolaryngology-Head and Neck Surgery, the 
Assoc ation of Academic Departments of Otolar- 
yngology, and the Society of University Otolar- 
yngologists should collaborate with all other in- 
terested parties to provide a balanced input to the 
NINCDS in order that the NIH priorities reflect, in 
maior part, the needs of our patients for new scien- 
tific information. We must assume the responsibili- 
ty for speaking to the NIH in an unfragmented 
manner and for validating our conclusions in this 
important area. 


As a specialty, we have the responsibility to pro- 
vide ‘he NIH with supportive testimony before the 
Congress and before other federal agencies and to 
provide the informational foundation which is re- 
quired if we are to be successful in the pursuit of 
fund: and policies that will strengthen the research 
effor: in OHNS. Our professional organizations can 
previde much of the support for these efforts in 
term: of data collection and organization and the 
selection of our most effective spokespersons. This 
niey require a major effort on the part of the Ameri- 
can Academy of Otolaryngology-Head and Neck 
Surgery by virtue of its 501 (c) 6 tax status which 
makes it the appropriate vehicle for any major lob- 
by ng effort. Coordination of these efforts with the 
activities of other organizations such as the National 
Committee for Research in Neurological and Com- 
mun eative Disorders will be essential. 


Otorhinolaryngology-head and neck surgery has 
the responsibility to participate in the on-going dia- 
logue between our specialty and the director of the 
NIH and the associate director of the NINCDs on 
matters of importance to otorhinolaryngic research. 
The Association of Academic Departments of Oto- 
laryngology has done this periodically by means of 
the laison committee within NINCDS, but we have 
the qpportunity to expand the effort and to improve 
upor Our past successes. Appropriate topics for 
discussion include matters such as the funding of 
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research in our specialty, and review of current re- 
search resources and needs. 


We have the responsibility to provide the NIH 
with a steady flow of significant, carefully pre- 
pared, competitive, fundable research grart appli- 
cations from individuals who are qualified by their 
training to conduct valid research investigations. In 
these activities, we must identify and support cer- 
tain key groups and programs including investi- 
gators and potential future investigators working in 
resident research programs, masters of medical sci- 
ence programs, MD-PhD programs, postdoctoral 
fellowships, and young otolaryngologist faculty 
members with strong research commitments. 


Otorhinolaryngology-head and neck surgery has 
the responsibility to remedy some of its internal 
problems which impact on its relationship with the 
NIH. We are currently being victimized by our de- 
featist attitudes with regard to research by physi- 
clan-investigators. This conference will serve to in- 
itiate new research efforts based upon the develop- 
ing technologies and human resources which are 
now available and must be recruited into the field 
of otorhinolaryngology-head and neck surgery. This 
will be built upon the substantive advances which 
have been made during the past two decades. 


We must undertake an adjustment in our aca- 
demic priorities in favor of research and researchers 
in the milieu of residency and the early years of 
faculty service where the emphasis is currently 
heavily focused on expanding clinical skills, deliver- 
ing patient care, and generating patient-care in- 
come. We must be successful in our efforts to ex- 
pand the reward system for faculty engaged in suc- 
cessful careers in terms of providing them with ade- 
quate salaries, regular promotion, and sufficient 
time away from other responsibilities to engage in 
research activities. 


The specialty has the responsibility to assist 
departments which are in transition toward a posi- 
tion of importance as mature research resources for 
the specialty. We must develop an effective con- 
sultation program which is available to advise 
younger departments on matters relating to the de- 
velopment of research programs. We should devel- 
op a network of volunteers who are available for the 
review of research grant proposals prior to their 
submission to the NIH. This set of activities is 
within the capability of a consortium of interest 
which could be developed among the Association 
for Research in Otolaryngology, the American 
Academy of Otolaryngology-Head and Neck Sur- 
gery, the Association of Academic Departments of 
Otolaryngology and the Society of Universite Oto- 
laryngologists. 


We have the responsibility to provide the NIH 
with our views and suggestions concerning impor- 
tant administrative issues. We must express our 


opinions concerning such matters as the effect of the 
NIH administrative organization on the validity of 
such basic concepts as peer review and parity 
among various research disciplines, the effect of 
policies and procedures of the NIH on the OHNS re- 
search community, and the appointment of key 
staff at the NIH who will have significant interac- 
tion with researchers in our specialty. 


We have the responsibility to be fair, but candid, 
critics of the NIH from time to time. We should ex- 
press our concerns with regard to the nomination 
and appointment system for study sections and for 
the National Advisory Council when it seems to be 
suboptimal. We should provide input with regard 
to our observations of the performance or lack of ef- 
fectiveness of the staff with whom we work at the 
NIH. We must express our concerns with regard to 
such matters as the NIH conferences, which seem at 
times to deserve our criticism and to require our in- 
put. These have been criticized in terms of appear- 
ing to be arbitrarily and narrowly organized, often 
leading to major funding in a minor area, and occa- 
sionally generating documents that define what is 
“in” and what is “out” for several years. Any group- 
exercise this potent deserves a great deal of atten- 
tion. 


We have the responsibility to generate public 
support for the financing of a major portion of the 
research in OHNS consistent with our financial 
partnership with the NIH and our mutual concerns 
for the health of the research community. We can 
improve our communication in this regard with 
foundations and with private industry. We can 
generate more seed money for the collection of pilot 
data which is so necessary in the preparation of a 
successful research grant application. We can par- 
ticipate more effectively in the publicizing of the 
activities and the successes of the NIH. 


We have a responsibility to promote the general 
research interest and research priorities at the time 
of our major scientific meetings. Presently, research 
presentations are actively discouraged at some 
meetings, and at others they are segregated from 
the major sessions or scheduled at odd times. It is 
time for us to honor research and to recognize the 
support provided by the NIH, and especially to 
move away from the currently popular antigovern- 
ment posture. 


We have the responsibility to provide medical re- 
sources for the dissemination of important new 
scientific information in the form of a healthy fami- 
ly of professional publications. We should encour- 
age research publications in all of our specialty 
journals. The education of all residents and practic- 
ing otolaryngologists concerning the fundamental 
and essential nature of research should be an objec- 
tive of our journals and could be strengthened by 
more timely releases of developments related to re- 
search in our specialty by the staff at the NIH. The 
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NIH could also support this effort significantly by 
the preparation of an annual report on the national 
state of research in OHNS. 


A final item of responsibility is in the area of 
greater effort with regard to a strengthening of our 
capability to organize and execute multi-institu- 
tional research projects. We must pool our resources 
and develop a better mechanism for the conduct of 
important clinical trials designed to assess the safety 


and effectiveness of new diagnostic methods, drug 
therapy, and surgical procedures with a high degree 
of accuracy, in a timely manner, and in an environ- 
ment free from investigator bias. 


Greater attention to the responsibilities which 
have been elaborated will result in a system of re- 
searca for otolaryngology that will generate impor- 
tant new scientific information needed urgently for 
the benefit of our present and future patients. 
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The reports of the writing groups are best sum- 
marized by placing them at the three levels of 
organizational activity which have the capability 
and the responsibility for implementation. These 
levels are local, interinstitutional and national. Un- 
doubtedly, these recommendations will be modified 
according to local conditions as they are adopted 
and put into effect because these are consensus 
recommendations and are to be used as guidelines; 
they are not hard and fast rules. 


LOCAL INSTITUTIONAL LEVEL 


The primary burden of research in otolaryngol- 
ogy falls upon the OHNS group within each institu- 
tion wherein lies the responsibility for initiating. 
developing, and supporting the programs for re- 
search training, faculty development, establish- 
ment of facilities, recruitment of research faculty, 
and creation of the proper research environment. 
The extensiveness of these programs is proportional 
to the interest and effort of the group’s leader. 
Unless the departmental chairperson is committed 
to development and support of research programs, 
little can be accomplished. 


Research environment is predicated on the as- 
sumption that research is a high-priority activity, 
fostered by the intellectual curiosity of the par- 
ticipants, and nourished by opportunities for regu- 
lar exchange of ideas through continuing dialogue 
between clinical and basic scientists and brought to 
fruition through cooperation and mutual effort. 


The departmental chairperson must work with 
the administration of the institution in obtaining 
local support for research activity. Such support in- 
cludes, but is not limited to, space, start-up funds 
and seed money, and assistance in long-term fund 
raising. It is clear that in this regard institutional 
resources are often underutilized. 


INTERINSTITUTIONAL LEVEL 


Once the local research environment is estab- 
lished. continued growth is predicated on interac- 
tien with colleagues at other institutions. This in- 
teraction can take several forms and may include a 
visitiag scientist program, liberal use of consultants, 
and the establishment of collaborative projects. 


Visiting Scientist Program. A visiting scientist 
program should be developed in which the local in- 
stitution invites noted authorities to visit and ex- 
chanse ideas through lectures, seminars and infor- 
mel neview. Such a program benefits both the insti- 
tution and the visiting scientist through sharing of 
knowledge, intellectual stimulation, and exchange 
of ideas. 

Consultants. Much can be gained by requesting a 
formal consultation from authorities in the field. 
This consultation can help in the development of a 
gran request, for the review of a research program 
or project already in process, and for expert opinion 
in in erpretation of data. This activity should be ar- 
ranged on a highly structured and formal basis with 
clear delineation of the program’s expectations and 
the consultant’s responsibilities and compensation. 


Collaborative Research. This may take two 
forms. A visiting scientist may conduct a specific 
project in the laboratories of a host institution 
where the particular skills of the scientist are com- 
bined with the unique facilities of the institution. 
This type of collaboration is used widely, especially 
in Europe. The second area of collaborative re- 
search involves the development of interinstitu- 
ticnel projects. This is especially effective in con- 
ducting clinical trials where accrual of large num- 
bers of patients at any given institution is difficult 
and can best be achieved by a multi-institutional 
study. These projects require substantial advanced 
planning, extensive training of the investigators in 
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the standardization of observations and data collec- 
tion, and close cooperation in the conduct of the 
study. 


NATIONAL ORGANIZATIONAL LEVEL 


Consistently mentioned throughout the Confer- 
ence and the writing group recommendations was 
the lack of a national organized structure to support 
the research effort in otolaryngology. Indeed, it was 
a commonly held perception that this has been a 
lamentable void in the specialty. It is clear that a 
national effort is needed to make research a high- 
priority subject on the program of meetings, for 
fund raising, for leadership, and perspective. The 
importance of national attention to this subject can- 
not be overemphasized. The establishment of a 
separate NIH for communicative disorders and 
other disorders of the head and neck is a long-range 
goal. In addition to general support to increase the 
level of awareness of the importance of research by 
otolaryngology societies, it was felt that four 
specific functions need to be subserved by organi- 
zations at the national level. These functions in- 
clude the establishment of a research directory, a 
project peer review mechanism, a foundation for 
fund raising and a national advisory panel. 


Research Directory. Currently, there is no cen- 
tral source listing all of the personnel. facilities, 
areas of expertise, training opportunities, and fel- 
lowship opportunities in otolaryngologic research. 
Establishment of such a data base is a high-priority 
need that could be fulfilled by a national organiza- 
tion such as the American Academy of Otolaryngol- 
ogy-Head and Neck Surgery. Appointment of a co- 
ordinator for research in a national organization 
would greatly facilitate the development of such a 
directory. 


Project Peer Review. An important mechanism to 
upgrade the level of sophistication of research pro- 
jects in otolaryngology would be the establishment 
of an informal project review by a national organi- 
zation such as the American Academy of Otolaryn- 
gology-Head and Neck Surgery. This is conceived of 
as a pressing but temporary need until the develop- 
ment of similar capabilities within or among insti- 
tutions is achieved. Peer review is an essential 
mechanism in the facilitation of research projects. 
Currently, no mechanism exists for assisting otolar- 
yngologists at institutions where local resources are 
incompletely developed. 


National Foundation for Research in Otolaryn- 
gology. There is a pressing need to develop an au- 
tonomous foundation that would have the capabili- 
ty of attracting gifts, bequests, and other financial 
support for research in the entire field of otolaryn- 
gology. The foundation could assume the responsi- 
bilities of awarding grants for research projects as 
well as fellowship stipends for research training. 


National Advisory Panel. A national advisory 
panel for research in otolaryngology should be ap- 
pointed that would periodically review the status of 
research efforts in otolaryngology in meeting the 
needs of the nation. Such a panel would establish 
research priorities consistent with the current state 
of knowledge and availability of facilities and re- 
sources to conduct projects to answer the national 
research questions. Such a panel should be estab- 
lished independently of organizations or federal 
agencies, but should be in a position to commun- 
icate freely with them. Such a blue ribbon panel 
could greatly facilitate the development of impor- 
tant research projects in this field. 
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